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FOREWORD TO THE 50 YEARS EDITION

The legacy of a research organization is the written history of its findings, whether the
results were expected or unexpected, whether the predictions were valid or not.

The search for understanding and the advancement of ideas to technology is often a non-
linear path. Ideas beget ideas, and data changes the reference point. Without written evidence
of this progress, the map ends. Future explorers may have to retrace and relearn at great time
and cost.

I am pleased to have the bibliography of technical publications of the NASA Dryden Flight
Research Center published for future researchers to have. The first entries in this document deal
with transonic and supersonic flight research at the dawn of the high speed aircraft era at Muroc.
The latter entries deal with tailless flight, hypersonic flight, and civil transport safety.

The technical publications of the Dryden Flight Research Center are a reflection of the
progress made in NASA’s aeronautics research and technology program. They show what teams of
people believed could fly or be flown. They document the claims, hopes, and aspirations of designers
from across the country. These reports document the real and the imagined, the overlooked, and the
unexpected, as Dr. Hugh L. Dryden would say.

I hereby dedicate this annotated bibliography of technical publications of the Dryden
Flight Research Center to the memory of Dr. Hugh L. Dryden, scientist, engineer, manager, father,
and technical author. His own research provided some of the foundation of the transonic flight
exploration which spawned what is now the Dryden Flight Research Center.

I acknowledge the outstanding work of Mr. David Fisher, a research engineer at Dryden, to
produce this bibliography.

a‘r

Kenneth I. Szalai
NASA Drvden Flight Research Center Director 1994—1998



FOREWORD TO THE SIX DECADES EDITION

Rogers Dry Lake hasn’t changed much in the last 60 years and continues to host a wide
range of leading edge flight research activities. The past decade has seen a return to hypersonic
flight with the record setting Mach 7 and Mach 10 flights of the X-43A, successful flight testing
of neural nets integrated into flight control systems, flight testing to understand and mitigate sonic
booms, the return of wing warping for aerodynamic control, and an increase in flight activity of
uninhabited air vehicles. Dryden researchers have continued to document these accomplishments
in presentations and publications.

As I interact with my counterparts in the aerospace industry, academia, and the military,
I am continually reminded of their routine usage of Dryden’s technical accomplishments. This
bibliography provides a concise, thorough, and easily searchable reference to these accomplishments
and helps fulfill the Agency charter to disseminate knowledge regarding advancement of aerospace
technologies.

This edition to the bibliography of technical publications of the NASA Dryden Flight
Research Center brings this useful reference document up to date. In addition, a DVD containing
historic video records and electronic links are also included. I thank Mr. David Fisher for the
significant effort in producing and then returning to revise this bibliography.

/W

Patrick C. Stoliker

Director for Engineering
Dryden Flight Research Center
October 2006
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Six Decades of Flight Research:
An Annotated Bibliography of Technical Publications of
NASA Dryden Flight Research Center, 1946-2006

David F. Fisher
NASA Dryden Flight Research Center
Edwards, California 93523-0273

ABSTRACT

Titles, authors, report numbers, and abstracts are given for nearly 2900 unclassified and unrestricted
technical reports and papers published from September 1946 to December 2006 by the NASA
Dryden Flight Research Center and its predecessor organizations. These technical reports and
papers describe and give the results of 60 years of flight research performed by the NACA and
NASA, from the X-1 and other early X-airplanes, to the X-15, Space Shuttle, X-29 Forward Swept
Wing, X-31, and X-43 aircraft. Some of the other research airplanes tested were the D-558, phase 1
and 2; M-2, HL-10 and X-24 lifting bodies; Digital Fly-By-Wire and Supercritical Wing F-8; XB-
70; YF-12; AFTI F-111 TACT and MAW; F-15 HiDEC; F-18 High Alpha Research Vehicle, F-18
Systems Research Aircraft and the NASA Landing Systems Research aircraft. The citations of
reports and papers are listed in chronological order, with author and aircraft indices. In addition, in
the appendices, citations of 270 contractor reports, more than 200 UCLA Flight System Research
Center reports, nearly 200 Tech Briefs, 30 Dryden Historical Publications, and over 30 videotapes
are included.

INTRODUCTION

In September of 1946, a small band of engineers and technicians came to Muroc Army Air Field
in southern California from the National Advisory Committee for Aeronautics (NACA) Langley
Memorial Aeronautical Laboratory at Hampton, Virginia. These people were to assist in a
supersonic flight research program involving the Bell XS-1 aircraft. The following year, the small
group, which became known as the NACA Muroc Flight Test Unit, were key participants in the
first known supersonic flight of an airplane on October 14, 1947. In 1949, they became the NACA
High-Speed Flight Research Station (HSFRS), a division of the Langley laboratory and during
1950, they published 19 technical reports on various aspects of pioneering flight research. In 1954,
the HSFRS became the NACA High-Speed Flight Station and moved from the south base location
shared with the Air Force to the present location north of the base flight line. In 1959, after the
creation of the National Aeronautic and Space Administration (NASA), the center was designated
NASA Flight Research Center (FRC). On March 26, 1976, the center was redesignated Hugh
L. Dryden Flight Research Center (DFRC), in honor of the American aerospace pioneer, former
Director of NACA and the first Deputy Director of NASA. In 1981, the center became a facility as
part of Ames Research Center. In 1994, the facility became an independent NASA Center again as
the Hugh L. Dryden Flight Research Center.



This document attempts to capture all the unrestricted reports, papers, journal articles, and Tech
Briefs published by authors while they were employed by the NASA Dryden Flight Research
Center and its predecessor organizations from September 1946 to December 2006. Also included
are NASA Contractor Reports that were sponsored by DFRC. Reports from the UCLA Flight
Systems Research Center under NASA Dryden Grant NCC2-374 are included in Appendix C.
Many of the citations are from NASA Center for Aerospace Information (CASI) Aeronautics and
Space Database, the NASA Technical Report Server (NTRS), the Dryden Technical Report Server
(DTRS) and the NASA Dryden card catalog, as well as information from the authors that was not
included in the databases. The author regrets any documents that may have been inadvertently left
out.

Some of the highlights of the six decades of what is now known as the Hugh L. Dryden Flight
Research Center are as follows:

Sept. 30, 1946 Five NACA engineers, headed by Walter Williams, arrive at Muroc Army Air
Base, California (now Edwards AFB) by this date from Langley Memorial
Aeronautical Laboratory (now NASA Langley Research Center, Virginia),
to prepare for X-1 supersonic research flights in a joint NACA-Army Air
Forces program. First NACA-NASA presence is established at the Mojave
Desert site. (Note: Some sources report the arrival of 13 individuals, but an
early chronology shows that 13 were not present at Muroc until December.)

Dec. 9, 1946 Bell pilot Chalmers Goodlin flies the first successful rocket-powered flight of
the X-1 (then designated XS-1).

Aug. 20, 1947 D-558-1 sets a world speed record of 640.7 mph.

Sept. 7, 1947 The NACA Muroc Flight Test Unit receives permanent status from Hugh L.
Dryden, the NACA Director of Research. The staff now includes 27 people
with Walt Williams as Head.

Oct. 14, 1947 X-1 exceeds the speed of sound in history’s first supersonic flight flown by
then -Maj. Charles E. Yeager, attaining maximum Mach number of 1.057.

Nov. 25, 1947 Howard C. Lilly is first NACA pilot to fly the jet-powered D-558-1
Skystreak.

Mar. 10, 1948 Herb Hoover becomes first NACA pilot and first civilian to fly supersonic in
the X-1.

Nov. 14, 1949 The NACA Muroc unit, with about 100 people, is designated NACA
High-Speed Flight Research Station (HSFRS), with Walt Williams
remaining as director.



Sept. 25, 1950

Mar. 4, 1952

Apr. 9, 1953

Oct. 14, 1953

Nov. 20, 1953

Jun. 26, 1954

Jul. 1, 1954

Aug. 23, 1954

Aug. 27, 1956

Sept. 27, 1956

Oct. 1, 1958

Oct. 15, 1958

Nov. 7, 1958

John Griffith is first NACA pilot to fly the X-4 aircraft, studying flying
qualities of tailless vehicles.

Joe Walker is first to fly the variable-swept-wing X-5 to a full 60-degree angle.
This concept is used today on F-14, F-111, and B-1 aircraft.

The NACA first flight of XF-92A, a delta-wing aircraft used to study the
problem of pitching up during maneuvering caused by the delta
configuration.

Last flight of XF-92A by the NACA. The flight research with this aircraft, the
D-588-2 and the X-15, showed the desirability of low horizontal tail surface.
That low horizontal tail configuration was later used on such supersonic
swept-wing fighters as the F-100 Super Saber and F8U Crusader.

The NACA pilot Scott Crossfield, in a rocket-powered D-558-2 Skyrocket, is
the first to fly at twice the speed of sound, Mach 2.005.

The NACA personnel move from the old south base site to new facilities that
make up the original core of today’s Dryden complex. The cost to build the
new facilities was $3.8 million. Personnel on this date number more
than 200.

The NACA HSFRS is redesignated the NACA High-Speed Flight Station.

Joe Walker makes the first of 20 NACA research flights in the X-3 “Flying
Stiletto” supersonic program.

The NACA research pilot Joe Walker makes the first flight by NACA of an
F-104A aircraft (the seventh F-104 aircraft off the assembly line).

Air Force Capt. Milburn G. Apt flies the X-2 to Mach 3.2 in the first flight of
an aircraft beyond 3 times the speed of sound. Unfortunately, he subsequently
loses control of the airplane due to inertial coupling, and it crashes, killing him
and destroying the vehicle. The NACA never flew the X-2 but did assist the
program with advice and data analysis.

National Advisory Committee for Aeronautics (NACA) becomes National
Aeronautics and Space Administration (NASA).

First of three X-15 rocket research aircraft arrive at NASA High-Speed Flight
Station as preparations move ahead for the highly successful NASA-Air
Force-Navy program that lasts 10 years to investigate hypersonic flight.

John McKay makes last flight in the X-1E, final model flown of the X-1 series.
This aircraft is now displayed in front of Dryden headquarters building.



Jun. 8, 1959

Sept. 15, 1959

Sept. 27, 1959

Mar. 25, 1960

Mar. 7, 1961

Jun. 23, 1961

Nov. 9, 1961

Early 1962

Apr. 5, 1963

Aug. 22, 1963

Oct. 30, 1964

Mar. 11, 1966

Jul. 12, 1966

Apr. 25, 1967

First unpowered glide flight of the X-15 is flown, with Scott Crossfield at the
controls, is made from NASA’s “003,” B-52 launch aircraft.

Paul F. Bikle succeeds Walt Williams as director of NASA High-Speed
Flight Station.

NASA High-Speed Flight Station at Edwards is redesignated NASA Flight
Research Center. NASA personnel number about 340.

First NASA X-15 aircraft flight is made, piloted by Joe Walker.

First piloted flight above Mach 4 is made; Mach 4.43 is achieved by X-15
flown by USAF Capt. Robert M. White.

First piloted flight above Mach 5 is made; Mach 5.27 is achieved by X-15
flown by USAF Capt. Robert M. White.

First piloted flight above Mach 6 is made; Mach 6.04 is achieved by X-15
flown by USAF Capt. Robert M. White.

Flight tests begin with the Paraglider Research Vehicle (Parasev). Developed
to study ways of returning Gemini and Apollo spacecraft to Earth using a
hang-glider-type wing. Pilot is Milt Thompson.

M2-F1 lightweight lifting body is towed into the air over Rogers Dry Lake for
the first time by a Pontiac convertible tow vehicle with Milt Thompson as
pilot. Sets the stage for research with several lifting body designs to study
atmospheric reentry of a vehicle like a Space Shuttle.

Joe Walker flies X-15 to unofficial world altitude record of 354,200 ft.

Joe Walker pilots the first flight of the Lunar Landing Research Vehicle
(LLRV), “Flying Bedstead.” LLRV used to develop techniques of landing a
spacecraft on the moon’s surface.

High Temperature Loads Laboratory is formally accepted. With this facility, a
complete YF-12 would be heated and loaded to simulate a high-speed flight.

First flight of a heavyweight lifting body, the M2-F2, piloted by
Milton O. Thompson.

First NASA flight of the XB-70A with Air Force Col. Joe Cotton and NASA
research pilot Fitz Fulton at the controls. The XB-70 flights investigated the
stability and handling qualities of large, delta-wing aircraft flying at high rates
of speed.



Oct. 3, 1967

Oct. 24, 1968

Dec. 17, 1968

May 9, 1969

Mar. 5, 1970
Jun. 2, 1970

Oct. 14, 1970

Mar. 9, 1971

Oct. 14, 1971

May 25, 1972

Aug. 1974

Aug. 5, 1975

X-15 sets world’s absolute speed record for winged aircraft—4520 mph or
Mach 6.72 —with Air Force Maj. William Knight as the pilot.

Last X-15 flight, 199th mission, is piloted by NASA pilot Bill Dana. World’s
first hypersonic aircraft is most successful research aircraft to date.

Last research flight of XB-70 is flown by Fitz Fulton and Air Force Lt. Col.
Ted Sturmthal, reaching Mach 2.53. Program produced data on sonic booms,
flightdynamics, and handling qualities associated with large supersonic aircraft.
Flight is on 65th anniversary of Wright Brothers flight at Kitty Hawk,
North Carolina.

HL-10 becomes first lifting body to fly supersonic. John Manke, later to
become Dryden site manager, is pilot.

First NASA checkout flight of YF-12A, with Fitz Fulton as pilot.
First flight of the M2-F3 lifting body is made by Bill Dana.

NASA research pilots Tom McMurtry and Hugh Jackson reach a Dryden
single-day record of six missions flown, in an F-104B while deployed to obtain
data for the “Big Boom” experiments that sought to focus the energy from a
sonic boom over a limited area.

First flight of supercritical wing flown by NASA pilot Tom McMurtry. Unusual
wing profile, tested on a modified F-8, increases flight efficiency and lowers
fuel usage. This concept is now used widely on commercial and
military aircraft.

A Piper PA-30 Twin Commanche becomes testbed to develop remotely piloted
aircraft techniques from a ground-based cockpit. This concept leads to
successful projects such as three-eighths-scale F-15 spin research vehicle,
HiMAT, and Boeing 720 jetliner purposely flown to a controlled crash landing
in FAA test of anti-mist fuel additive.

First flight of aircraft with all-electric fly-by-wire flight control system, the
NASA F-8 Digital Fly-By-Wire research aircraft, with Gary Krier as pilot.
This concept is now used in many aircraft, including Space Shuttles.

The Boeing 747 shuttle carrier aircraft is used in wake vortex research program
to study ways of reducing clear air turbulence trailing behind large aircraft.

NASA pilotJohn Manke lands X-24B lifting body on Edwards runway, showing
that a space shuttle-like vehicle can be landed safely on a designated runway
after returning from orbit.



Mar. 26, 1976

Aug. 12, 1977

Oct. 26, 1977

Oct. 31, 1979

Dec. 21, 1979

Apr. 14, 1981

Oct. 1, 1981

Jul. 4, 1982

Sept. 22, 1983

Oct. 30, 1984

Dec. 1, 1984

NASA Flight Research Center is dedicated in honor of the late Hugh L.
Dryden. NASA personnel number more than 560.

First free-flight of the space shuttle Enterprise from the top of the Boeing 747
shuttle carrier aircraft. Enterprise piloted by Fred Haise and Gordon Fullerton.
The 747 SCA was piloted by Fitz Fulton and Tom McMurtry, Vic Horton and
Lewis (Skip) Guidry were the flight engineers.

Last of 13 captive and free-flight tests with space shuttle prototype Enterprise,
proving the shuttle glide and landing characteristics.

Last research flight of the NASA YF-12 research program, with Fitz Fulton as
pilot and Victor Horton flight test engineer on a YF-12A, one of
three YF-12s flown during the program. Nearly 300 research flights
explored high-speed, high altitude flight, and yielded information on thermal
stress, aerodynamics, high-altitude environment, and propulsion and flight
control systems.

AD-1 first flight is flown by NASA research pilot Thomas C. McMurtry.

Three hundred and twenty thousand people at Edwards watch Columbia, the
first orbital space shuttle, land. Dryden VIPs number 20,000, and 300,000 are
at the East Shore public viewing site.

Dryden is consolidated with Ames Research Center, Moffett Field, California,
to become the Ames-Dryden Flight Research Facility. Position of Dryden
director is renamed site manager and John Manke is selected for the post.
NASA personnel number 491.

President Ronald Reagan heads list of 45,000 guests at Dryden watching the
fourth space shuttle landing. Crowd of 500,000 watches from East Shore
public viewing site.

A modified Schweizer SGS1-36 sailplane is flown in controlled, stabilized
flight at 72 degrees angle of attack by research pilot Einar Enevoldson.

NASA Dryden retires its oldest aircraft, the C-47 that towed the M2-F1 lifting
body aloft during that program’s early days and was used to support many
other projects.

A remotely-piloted Boeing 720 test aircraft used in the joint FAA/NASA
Controlled Impact Demonstration erupts in flames as it slides through the
impact site on the dry lakebed, demonstrating that, contrary to expectations,
an anti-misting fuel additive did not substantially inhibit fuel fires.



Apr. 2, 1985

Sept. 9, 1985

Jul. 10, 1986

Dec. 1, 1987

Sept. 18, 1989

Dec. 18, 1989

Feb. 15, 1990

Apr. 5, 1990

May 3, 1990

Oct. 25, 1990

Steve Ishmael is first NASA pilot to fly the X-29 research aircraft investigating
forward-swept wings, composite construction concepts, and integrated
flight controls.

Data Analysis Facility opens as new home for general computer and associated
engineering support and flight data operations.

F-111 Mission Adaptive Wing research aircraft flies Mach 1 for the first time,
with Rogers Smith part of two-person crew. This program tested the wing
with no ailerons, flaps, or slats. Camber changed mechanically in flight based
on performance and mission.

Groundbreaking held for $16.1 million Integrated Test Facility featuring
interdependent systems testing, systems troubleshooting, and rapid pre-and
postflight systems checkout on several aircraft simultaneously.

Ed Schneider flies the 100th mission in the F-18 High Angle of Attack Research
aircraft in Phase 1 of the three-phase program investigating the high angle-of-
attack, “alpha,” regime.

First self-repairing flight control system demonstrated on the F-15 HiDEC
(Highly Integrated Digital Electronic Control) aircraft, with Jim Smolka as
pilot. System identifies control surface failures or damage then automatically
repositions other control surfaces to allow the pilot to continue the mission or
land safely.

First of three SR-71s arrive at Dryden for a program to investigate a host of
disciplines to help development of future high-speed civil and military aircraft.
(Three YF-12s, prototypes for a fighter-interceptor version of the SR-71, were
flown at Dryden from 1969 to 1979 in an earlier high-speed program.)

Pegasus® space booster is successfully air-launched from the NASA B-52
in one of the first successful flights of a commercially developed space launch
vehicle placing a payload into earth orbit. The launch was off the California
coast, with a NASA-Navy payload placed in a polar orbit 320 miles high.

First flight in NASA’s first program to investigate laminar flow control at
supersonic speeds. Program uses the only two F-16XL prototypes to investigate
passive and active methods of reducing turbulence on wing surfaces at
high speeds.

Final test in a series of eight using B-52 No. 008 to validate drag chute
deployment system for use on space shuttle to improve their landing efficiency.
The tests with 008 were on the lakebed and main runway.



Dec. 3, 1990

May 15, 1991

Jul. 12, 1991

Aug. 14, 1991

Sept. 30, 1991

Oct. 3, 1991

Nov. 1, 1991

Dec. 12, 1991

Apr. 23, 1992

May 16, 1992

Jul. 1, 1992

Position of Dryden site manager redesignated as director in reorganization
that strengthens Dryden’s role as a national flight research installation, with
Ken Szalai, chief of Dryden’s Research Engineering Division, named to new
position. Dryden personnel number 430.

Full-scale X-30 structural test component, representing a wing control surface,
arrives at Dryden’s Thermostructural Research Laboratory for loads and
temperature testing.

First flight of F-18 High Alpha (Angle-of-Attack) Research Vehicle (HARV)
with thrust vectoring system engaged to enhance control and maneuvering
at high angles of attack; 104th flight of the HARV, which arrived at Dryden
Oct. 22, 1984, and initially flew a series of missions without thrust vectoring
to obtain experience with aerodynamic measurements at high angles of attack
and to develop the flight research techniques needed for the measurement.

First all-NASA SR-71 flight with research pilots Steve Ishmael and Rogers
Smith in the cockpit. It was the first Mach 3 mission flown at Dryden since the
final YF-12 flight Oct. 31, 1979.

Seven-year X-29 Advanced Technology Demonstrator program ends after 362
research missions with the two forward-swept wing aircraft. No. 1 aircraft was
flown 242 times to validate design concepts. X-29 No. 2 was flown 120 times
in high-angle-of-attack studies. Joint USAF/NASA program later flies No. 2
in vortex control study.

Dryden aeronautical engineer Marta Bohn-Meyer becomes first female
crewmember to fly in an SR-71.

Tests of pressure-sensitive luminescent paint end, opening door for a new
method of measuring surface pressures on aircraft.

F-18 high-angle-of-attack research aircraft, with pilot Ed Schneider, achieves
design point of roughly 70 degrees angle of attack.

First flight of an X-31 aircraft from Dryden following relocation of X-31
International Test Organization from Air Force Plant 42 in Palmdale, in a DOD
study of thrust vectoring for air combat at high angles of attack.

Maiden landing of the space shuttle Endeavour, built to replace Challenger.
Landing is viewed by an estimated 125,000 people, including 2,500
school students.

Single-day Dryden record of six missions tied by X-29 No. 2 after the aircraft
returns to flight for a 60-flight USAF/NASA study using vortex flow controls



Oct. 24, 1992

Dec. 22, 1992

Jan. 4, 1993

Mar. 9, 1993

Apr. 21, 1993

Apr. 29, 1993

May 21, 1993

Jun. 15, 1993

Jun. 24, 1993

Nov. 1, 1993

Dec. 21, 1993

on nose to study improved control at high angles of attack.

Integrated Test Facility (ITF) officially opens, giving Dryden a unique
capability to carry out interdependent systems testing, systems
troubleshooting, and rapid pre-and post-flight systems checks on several
aircraft simultaneously.

Flights begin with Dryden’s CV-990 Landing Systems Research Aircraft,
equipped with a space shuttle landing gear fixture that later led to increased
orbiter cross wind landing limits at the Kennedy Space Center, and aided in
the decision to resurface the Kennedy runway.

Judy Janisse Child Development Center is dedicated. The $700,000 facility
is named after a former NASA employee, killed in a commercial airline
accident, who was instrumental in the development of the center.

NASA SR-71 flies on first science mission, taking a JPL ultraviolet camera to
85,000 feet for night photo studies. Flight was also first SR-71 night mission.

The F-15 Highly Integrated Digital Electronic Control (HiDEC) is landed using
only engine power to turn, climb, and descend. Gordon Fullerton is pilot on
milestone event.

The thrust-vectored X-31 executes a minimum radius 180-degree turn—the
“Herbst Maneuver” —while flying at more than 70-degrees angle of attack,
well beyond the aerodynamic limits of any other aircraft.

First research flight with Dryden’s F-18 Systems Research Aircraft checks out
an electric actuator that monitors and controls one of the aircraft’s ailerons,
and becomes a testbed for advanced electric and fiber optics components.

Modified F-15 called ACTIVE — Advanced Control Technology for Integrated
Vehicles —replaces the HIDEC as Dryden’s integrated systems aircraft. The
ACTIVE F-15 features forward canards and will be fitted with thrust-vectoring
nozzles to study their use for pitch and yaw control.

Replica of X-15 rocket research aircraft, displayed at the corner of Lilly and
Lakeshore Drives, is dedicated.

The space shuttle Columbia, on mission STS-58, lands at 7:06 a.m. (PST), the
last planned landing of a shuttle at Edwards. Nearly 35,000 people, including
about 5000 Dryden guests, view the event.

The Perseus remotely piloted aircraft flies for the first time in a project to
develop technologies to be used to construct and fly unpiloted vehicles on



Feb. 3, 1994

Mar. 1, 1994

Mar. 18, 1994

Jul. 20, 1994

Aug. 3, 1994

Aug. 4, 1994

Oct. 1, 1994

May 13, 1995

Jun. 11, 1995

Aug. 11, 1995

Aug. 29, 1995

Sept. 11, 1995

high-altitude science missions.

Final flight of an F-104 at Dryden, a symbolic farewell with NASA 826, is
piloted by Tom McMurtry, Chief, Flight Operations Division. First acquired in
1956, 11 F-104s flew at Dryden over a 38-year period as chase and research
aircraft. Last research mission with NASA 826 was Jan. 31, 1994. The other
remaining F-104, NASA 825, was flown on its last research mission
Jan. 24, 1994.

Dryden named a NASA Center again. Transition period to institute independent
administrative functions ends Sept. 30, 1994.

Ten thousandth research mission is logged by Dryden’s Western Aeronautical
Test Range, a flight with the F-18 HARV. Facility was developed in the 1950s
to support the X-15 program.

Twenty-fifth anniversary of Apollo 11 features salute to Dryden’s Lunar
Landing Research Vehicle (LLRV), used to develop moon-landing
training techniques.

Sixth and last Pegasus® mission using NASA B-52 No. 008 as the launch
vehicle is successful. Future airborne launches to be with an L-1011 owned
and operated by Pegasus developer, Orbital Sciences Corp.

X-31 logs 438th flight, new record for experimental aircraft. Record holder
had been X-29, set on its last flight in 1992.

Dryden assumes full Center status, as NASA’s Center of Excellence in Flight
Research. NASA personnel number 465.

X-31 completes final research flights, making a total of 555 for the program.

The NASA B-52, No. 008, turns 40 years old. Based at Dryden since mid-
1959, it is the oldest B-52 still flying.

CV-990 Landing Systems Research Aircraft completes study of space shuttle
landing gear, with a total of 155 research flights. Final tests subjected orbiter
wheels to total failure modes on lakebed surface and concrete runway.

Aided by NASA-developed propulsion controlled aircraft (PCA) system, an
MD-11 makes first-ever, safe landings of an actual transport aircraft using

only engine power for control.

Pathfinder sets new altitude record for solar-powered aircraft. The remotely
controlled, unpiloted prototype attained an altitude 50,500 ft during a nearly

10



Oct. 13, 1995

Nov. 17, 1995

Nov. 30, 1995

Jul. 2, 1996

Sept. 6, 1996

Nov. 1, 1996

Nov. 24, 1996

Nov. 26, 1996

Jun. 27, 1997

12-hour flight. Solar cells on the top surface of the all-wing aircraft power six
electric, propeller-turning motors for propulsion. Pathfinder is part of the
NASA Environmental Research Aircraft and Sensor Technology
(ERAST) Program.

First flight of the F-16XL with the active glove installed. The two-seat F-16
XL was piloted by Dana Purifoy, and begins a program researching laminar
flow at supersonic speeds using a suction panel that covers 60 percent of the
wing chord. Previous studies with the single-seat F-16XL used a glove that
covered only 20 percent of the chord.

Center Director Ken Szalai renames the Integrated Test Facility as the Walter
C. Williams Research Aircraft Integration Facility.

Improved software enables an MD-11 to make a final landing at Edwards
without the need for the pilot to manipulate the flight controls while using
only engine power for control.

NASA announces award of X-33 contract to Lockheed Martin Corp. to design,
build, and fly a vehicle that will demonstrate advanced technologies to
dramatically increase reliability and lower the cost of putting a pound of
payload in space. The test vehicle was projected to fly from DFRC in the
year 2000.

F-18 High Alpha Research Vehicle (HARV) makes final flight in 385-flight
research program that investigated improved maneuverability of tactical
aircraft at high angles of attack.

F-15 ACTIVE research aircraft conducts first thrust vectoring of engine
exhaust at speeds approaching Mach 2.

First flight of Tu-144LL flying laboratory inaugurates year-long flight test
program in support of NASA’s High-Speed Research program.

Year-long Supersonic Laminar-Flow Control program concludes with 45th
flight on highly modified F-16XL research aircraft. Program proved that
laminar—or smooth—airflow could be obtained over a significant portion of an
aircraft wing’s chord at speeds of Mach 2 by use of a suction system pulling
turbulent boundary-layer air through tiny holes in the wing skin.

A YO-3A (NASA tail number 718) transferred to Dryden from the Ames
Research Center, beginning a series of aircraft transfers from Ames. It was
followed by a C-130B (NASA tail number 707) on Jun. 30,1997; a Beechcraft
200 Super King Air Oct. 3, 1997; two ER-2’s (706 and 709 respectively) on
Nov. 3 and 6, 1997; a DC-8 (717) on Dec. 29, 1997; and a Learjet (705) on

11



Jul. 7, 1997

Jul. 30, 1997

Oct. 31, 1997

Nov. 12, 1997

Dec. 20, 1997

Feb., 1998

Feb. 9, 1998. The ER-2’s and the DC-8 became a part of a new Airborne
Science Branch that was forming at Dryden during the period of the transfers.
Except for 707, all of the NAS numbers changed to Dryden’s 800 series; the
aircraft kept the last two digits from the Ames numbers.

The Pathfinder solar-powered, remotely piloted aircraft set a new, unofficial
altitude record for solar-powered aircraft of 71,500 feet at the Pacific Missile
Range Facility, Kaua’i, Hawaii, breaking its previous records of 50, 567 ft seton
Sep. 11, 1995, and 67,350 on Jun. 9, 1997.

NASA’s first X-38 Advanced Technology Demonstrator for a proposed Crew
Return Vehicle from the International Space Station completed its first captive
flight beneath B-52 008. Built by Scaled Composites of Mojave, Calif., the
X-38 resulted from the cooperation of NASA’s Johnson Space Center
and DFRC.

A NASA SR-71 completed its first flight as part of the NASA/Rocketdyne/
Lockheed Martin Linear Aerospike SR-71 Experiment (LASRE) to test a one-
tenth-scale, half-span model of the engine to be used on the X-33. Developed
by a firm now called Boeing North American-Rocketdyne, it does not include
a bell-shaped nozzle, making it smaller and lighter than normal rocket engines
of comparable thrust.

A NASA/Boeing X-36 Tailless Fighter Agility Research Aircraft successfully
completed the 31st flight since May 17, 1997 —demonstrating the feasibility of
future tailless fighters to achieve levels of agility superior to today’s best
military fighter aircraft. Two 28-percent-scale, remotely piloted X-36s
participated in the program, which featured a tailless configuration to reduce
the radar signature of the aircraft.

NASA research pilot Mark Stucky flew a QF-106 on the first towed flight
behind an Air Force C-141 in the joint Eclipse project with Kelly Space &
Technology (KST) to demonstrate a reusable tow launch vehicle concept
developed by KST. Kelly hoped to use the data from the tow tests to validate
a tow-to-launch procedure for reusable space launch vehicles. Stucky flew six
successful tow tests between December 1997 and February 6, 1998.

The specially instrumented DC-8 resumed flying its medium-altitude, science-
gathering missions in the middle of the month following maintenance and
upgrades of its satellite communications system. Already in January, one of
Dryden’s ER-2s flew an experiment to collect high-altitude particulate matter.
Both aircraft flew a variety of missions over widely scattered geographic
regions during the rest of the calendar year to gather data about Earth science,
including weather and climate.

12



Mar. 12, 1998

Mar. 24, 1998

Jun. 1998

Aug. 6, 1998

Oct. 22, 1998

Nov. 10, 1998

Nov. 19, 1998

Feb. 6, 1999

Apr—May 1999

NASA’s B-52 008 dropped the first X-38 atmospheric test vehicle for the first
full test of its parafoil parachute. The parafoil deployed within seconds of the
vehicle’s release from an altitude of approximately 23,000 feet. The unpiloted
X-38, with a lifting-body shape originally developed for the X-24A project
in the early to mid-1970s, descended to a landing on Rogers Dry Lakebed.
The X-38 is an 80-percent-scale prototype of a crew return vehicle for the
International Space Station.

An L-188 Electra aircraft owned by the National Science Foundation
and operated by the National Center for Atmospheric Research, Boulder,
Colorado, flew near Boulder with an Airborne Coherent LiDAR (Light
Detection and Ranging) for Advanced In-flight Measurement on its first flight
to test its ability to detect previously invisible forms of clear air turbulence.
Coherent Technologies Inc. of Lafayette, Colorado, built the device for the
DFRC, which participated in the effort as part of NASA’s Aviation Safety
Program, for which the lead center was Langley. Results of the test indicated
that the device did successfully detect the clear air turbulence.

NASA’s F-15B Aerodynamic Flight Facility aircraft successfully completed a
series of six flights testing Thermal Protection System materials for the X-33
Advanced Technology Demonstrator at Dryden.

NASA’s remotely piloted Pathfinder-Plus solar-powered aircraft flew to a
record altitude of 80,285 feet above Kaua’i in the Hawaiian Islands following
a long ascent.

The Pegasus® Hypersonic Experiment, a highly instrumented glove on
the Pegasus® booster’s delta wing, gathered more than 90 seconds of
hypersonic temperature, pressure, and airflow data after the booster was
launched from an Orbital Sciences Corporation L-1011 aircraft.

The remotely piloted Centurion aircraft flew for the first time in a series of
three low-altitude flights in which its power came from batteries to operate its
14 electronic motors and its electronic systems. The other two flights occurred
on Nov. 19 and Dec. 3, with the aircraft reaching 400 feet on the third flight.

A NASA ER-2 aircraft based at Dryden set a provisional new world altitude
record of 68,700 feet for medium weight aircraft.

The X-38 demonstrator for a crew return vehicle completed a successful free
flight after release from the B-52 carrier aircraft.

The Altus II aircraft — developed and built by General Atomics Aeronautical

Systems, of San Diego, CA, for NASA’s ERAST program — conducted nine
scientific flights over the Hawaiian island of Kaua’i in support of the

13



Jun. 29, 1999

Sept. 8, 1999

Sept. 15, 1999

Mar. 17, 2000

Mar. 30, 2000

June 11, 2000

Mar. 14, 2001

June 2, 2001

Aug. 13, 2001

Oct. 23, 2001

Atmospheric Radiation Measurement studies conducted by Sandia National
Laboratories for the Department of Energy. It and a partner Twin Otter aircraft
gathered measurements of atmospheric radiation both around cirrus cloud
layers and in the clear sky. The two aircraft did an in-flight comparison of the
data from their instruments, contributing to an improved understanding of the
interacting elements of the global climate system.

The prototype test version of the X-34, designed to demonstrate launch-vehicle
technologies that will reduce the cost of access to space, made its first captive-
carry flight attached to the belly of its newly modified L-1011 carrier aircraft.

First flight of the Helios Prototype aircraft, the larger follow-on to Pathfinder,
Pathfinder-Plus, and Centurion in the series of high-flying, solar-powered
aircraftdevelopedbyAeroVironment,Inc.,of Monrovia, California, as partofthe
ERAST program.

The final checkout flight by one of the DFRC’s ER-2 aircraft completed a
series of tests of the entire radar and telemetry range from Edwards AFB to
Dugway Proving Grounds, Utah, for the first flights of the X-33.

F-18 Systems Research Aircraft makes its 200th flight.

X-38 Vehicle 132 completed its third and final free flight. Launched from
Dryden’s B-52, it completed the highest, fastest, and longest X-38 flight to
date. It was released at an altitude of 39,000 feet and flew freely for 45 seconds,
reaching a speed of over 500 miles per hour before deploying its parachutes
for a landing on Rogers Dry Lakebed.

45th anniversary of the first flight of NB-52 008, the drop aircraft used for
many of the X-15 and lifting body flights. It is both the oldest B-52 still flying,
and the one with the least total flight time.

First X-40A glide flight at Edwards. The X-40A is a low-speed test vehicle to
prove the technology for the orbital X-37. During its first flight, the X-40A
vehicle was released from a helicopter and made a 74 second glide, landing on
the Edwards AFB runway.

X-43A lost on first launch attempt. The X-43A is designed to test a scramjet
engine at speeds of Mach 7 or Mach 10.

Helios —a long-duration, solar powered unpiloted aircraft — takes off from the
island of Kauai and sets a world altitude record of 96,863 feet.

Autonomous Formation Flight project completes 22 dual-aircraft flights,
showing a fuel savings of up to 20 percent.
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Nov.18. 2001

Dec. 13, 2001
Mar. 27, 2002
May 22, 2002
Nov. 15, 2002
June 9, 2003

Mar. 27, 2004

Nov. 16, 2004

Dec. 17, 2004

Aug. 9, 2005

Dryden provides communications support for NASA/Air Force observations
of the Leonid meteor storm.

X-38 Vehicle 131R makes the final flight of the program.

Active Aeroelastic Wing (AAW) F-18 rolled out.

The X-45A unmanned combat air vehicle (UCAV) makes its first flight.
AAW F-18 makes its first flight.

Altair UAV makes its first flight at Dryden.

The X-43A hypersonic technology demonstrator is rocketed by the Pegasus
booster to an altitude of 95,000 feet and an airspeed of Mach 6.8 or 5,000
mph. It sets the world airspeed record for an aircraft powered by an air-
breathing engine.

The X-43A sets a new airspeed record of Mach 9.6 or about 6,800 mph and
proves that scramjet propulsion is a viable technology for powering future
space-access vehicles and hypersonic aircraft.

Having launched advanced flight research vehicles for nearly a half century,
the venerable B-52B  “mothership” heavy-lift launch aircraft
is decommissioned.

STS-114 lands at Edwards Air Force Base to complete its 14-day, 5.8 million-
mile journey.

More information on the history of Dryden Flight Research Center can be found in the references
1 through 10 on the following page. Many of the references below and other Dryden historical
books and monographs are available online in pdf format at http://www.nasa.gov/centers/dryden/
history/Publications/index.html
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AAS

AASE

ACTIVE

AEDC

AFB

AFFTC

AFWAL

AGARD

AHS

AIAA

AICHE

AIR

AIST

ARC

ARS

ASCE

ASEE

ASME

BuAero

CAI

CASI

ACRONYMS AND ABBREVIATIONS

American Astronautical Society, Washington, D. C.

Department of Aerophysics and Aerospace Engineering, Mississippi State
University, Starkville, Mississippi

Advanced Control Technology for Integrated Vehicles—a NASA Dryden
test program

Arnold Engineering Development Center, Arnold Air Force Base, Tennessee
Air Force Base

Air Force Flight Test Center, Edwards, California

Air Force Wright Aeronautical Laboratory, Dayton, Ohio

Advisory Group for Aeronautical Research & Development, Paris, France
American Helicopter Society, Alexandria, Virginia

American Institute of Aeronautics and Astronautics, Washington, D. C.
American Institute of Chemical Engineers, New York, New York
Aerospace Information Report—a military report

Agency of Industrial Science and Technology, Japan

Ames Research Center, Moffett Field, California

American Rocket Society—became AIAA in 1963 with IAS

American Society of Civil Engineers, Washington, D. C.

American Society for Engineering Education, Washington, D. C.
American Society of Mechanical Engineers, New York, New York
Bureau of Aeronautics, Department of the Navy, 1921-1959

Canadian Aeronautical Institute, Ottawa, Ontario

NASA Center for Aerospace and Scientific Information, Hanover, Maryland
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CP

CR

DGLR

DOD

DTIC

ERAST

FAA

FED

FRC

HARV

HiDEC

HSCT

HSFRS

TAA

IAS

ICAS

ICASE

ICASSP

IEEE

IES

IFAC

Conference Proceedings, NASA report

Contractor Report, NASA report

Deutsche Gesellschaft fuer Luft-und Raumfahrt, Germany
Department of Defense, Washington, D. C.

Defense Technical Information Center, Ft. Belvoir, Virginia

Environmental Research Aircraft and Sensor Technology program—a NASA
Dryden test program

Federal Aviation Agency / Administration, Washington, D. C.

Fluids Engineering Division (ASME), New York, New York

Flight Research Center, NASA facility at Edwards AFB 1959-1976

F-18 high alpha research vehicle

F-15 highly integrated digital electronic control

High speed civil transport

High-Speed Flight Research Station, NASA facility at Edwards AFB 1949-1959

International Aerospace Abstracts—a monthly publication of recent international
and AIAA Conference information in abstract form, AIAA, New York, New York

Institute of Aeronautical Sciences, Inc. —became AIAA in 1963 with ARS
International Council of Aeronautical Sciences, Les Mureaux Cedex, France

Institute for Computer Applications in Science and Engineering,
Hampton, Virginia

International Conference on Acoustics, Speech, and Signal Processing
Institute of Electrical and Electronics Engineers, New York, New York
Institute of Environmental Sciences, Mount Prospect, Illinois

International Federation of Automatic Control, Uppsala, Sweden
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ISA Instrument Society of America, Triangle Park, North Carolina

ITC International Telemetering Conference

ITEA International Test and Evaluation Association, Fairfax, Virginia
ITF Integrated Test Facility, at Dryden since 1987

IUTAM International Union of Theoretical and Applied Mechanics, Stuttgart, Germany
JPL Jet Propulsion Laboratory, Pasadena, California

JSASS Japan Society for Aeronautical and Space Sciences, Japan

LLRV lunar landing research vehicle

MIT Massachusetts Institute of Technology, Cambridge, Massachusetts
NACA National Advisory Committee for Aeronautics—a NASA Precursor
NASA National Aeronautics and Space Administration, Washington, D. C.
NIWC National Institute of Materials and Chemical Research, Japan
NTIS National Technical Information Service, Springfield, Virginia

PCA propulsion controlled aircraft

RAE Royal Aircraft Establishment, England

RECON A CASI database to archive scientific and technical reports

RECONplus A CASI database to archive scientific and technical reports

RLV Reusable Launch Vehicle

RM Research Memo, a NACA report

RP Reference Publication, NASA Report

SAE Society of Automotive Engineers, Warrendale, Pennsylvania
SCA shuttle carrier aircraft

SETP Society of Experimental Test Pilots, Lancaster, California
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SFTE

SIAM

SP

SPIE

™

TN

TP

UAV

USAF

USN

Society of Flight Test Engineers, Lancaster, California

Society for Industrial and Applied Mathematics, Philadelphia, Pennsylvania
Special Publication, a NASA report

The International Society for Optical Engineering, Bellingham, Washington
Technical Memorandum, a NASA report

Technical Note, a NACA or NASA report

Technical Paper, a NACA or NASA report

Uninhabited Aerial Vehicle

United States Air Force

United States Navy

USN/NAWC United States Navy/Naval Air Warfare Center
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PDF AIAA — available from AIAA, http://www.aiaa.org/
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Service: P.O. Box 960, literature from conferences  90A12345
Herndon, VA 20172 and periodicals available ATAA paper no. 97-1234
Phone: 800/682-2422 or through ATAA.

703/661-1595
Fax: 703/661-1501
E-mail: warehouse@aiaa.org

National Technical Information Report literature having no ~ N95-12345

Service (NTIS) distribution limitations. 95N 12345
703-487-4650 19970012345
703-321-8547 FAX AD-A123456

orders@ntis.fedworld.gov
http://ntis.gov

NASA Center for Aerospace Report literature having no  N95-12345

Information (CASI) distribution limitations. O5N12345
301-621-0390 19970012345
301-621-0134 FAX

help@sti.nasa.gov Report literature having no ~ X97-12345
http://www.sti.nasa.gov distribution limitations. 97X12345

Defense Technical Information Report literature from U. S.  AD-A123456

Center (DTIC) Government Agency or
800-225-3842 AGARD.
703-767-8228 FAX

help@dtic.mil

http://dticam.dtic.mil/

NASA libraries or NASA CASI Pre-1962 reports and papers. 87H12345

Libraries Books TL123.C66.D7
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KEY TO CITATIONS

Typical Citation and Abstract

®1993.® Burcham, Frank W., Ir.; Maine, Trindel; and

Wolf, Thomas. Flight Testing and Simulation of an
F-15 Airplane Using Throttles for Flight Control.
NASA TM-104255,"H-1826,” NAS 1.15:104255,”ATAA
Paper 92—4109 Presented at the AIAA Flight Test
Conference, Hilton Head, South Carolina, August 24
® ® @ ®
1992."August 1992,792N32864, # (see also 2004).” PDF
AIAA.

Flight tests and simulation studies using the throttles of
an F-15 airplane for emergency flight control have been
conducted at the NASA Dryden Flight Research Center.
The airplane and the simulation are capable of extended
up-and-away flight, using only throttles for flight path
control. Initial simulation results showed that runway
landings using manual throttles-only control were
difficult, but possible with practice. Manual approaches
flown in the airplane were much more difficult,
indicating a significant discrepancy between flight and
simulation. Analysis of flight data and development of
improved simulation models that resolve the
discrepancy are discussed. An augmented throttle-only
control system that controls bank angle and flight path
with appropriate feedback parameters has also been
developed, evaluated in simulations, and is planned for
flight in the F-15.
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1947 Technical Publications

1. Beeler, De E.; and Gerard, George: Wake
Measurements Behind a Wing Section of a Fighter
Airplane in Fast Dives. NACA TN 1190, March 1, 1947,
93R11438. PDF CASI

Wake measurements made in a vertical plane behind a wing-
section of a fighter airplane are presented for a range of Mach
number up to 0.78. Since evidences of reverse flow were
found in a large part of the surveys—possibly because of
interference of the rake support—the computed profile-drag
coefficients are considered to be only qualitative. The results
showed that the large increase in drag coefficient beyond
critical Mach number indicated by wind-tunnel tests was
also obtained under flight conditions and that the wake width
was extended sharply when shock was encountered. The
wake extension occurred first at the upper surface since the
highest local velocity was obtained on that surface. The large
increase in drag coefficient for the wing section tested did not
occur until after the critical Mach-number had been exceeded
by approximately 0.05. Comparison of the profile-drag
measurements with total airplane drag measurements showed
that the large increases in drag in both cases started to occur at
the same value of Mach number. The results further indicated
that wake measurements made in three dimensional-flow
after shock had occurred cannot, in general, be interpreted
in terms of section profile-drag coefficient because of the
existence of the strong lateral flow indicated by tuft behavior
in the dead-air region behind the shock.

2. Beeler, De E.: Air-Flow Behavior Over the Wing of
an XP-51 Airplane as Indicated by Wing-Surface Tufts at
Subcritical and Supercritical Speeds. NACA RM L6L03,
April 24, 1947, CASI ID: 19930085749. PDF CASI

Results are presented in this report of the air-flow behavior
over the wing of an XP-51 airplane including photographs
of tuft attached to the wing surface and chordwise pressure
distributions. A comparison of tuft studied is made of the
flight results with those obtained from wind-tunnel tests.
The results indicate that steady flow is obtained over the
wing until the critical speed has been exceeded by about
0.04 to 0.05 in Mach numbers. At higher Mach numbers the
flow is unsteady and becomes very rough and turbulent over
the rear 50 percent of the chord after the limit maximum
pressure coefficient has been reached. Observation of
surface tufts alone without benefit of prevailing pressure
distributions may indicate separated flow before separation
actually occurs. Comparisons made of the flight and wind-
tunnel data show a similar tuft behavior throughout the Mach
number range.
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1948 Technical Publications

3. Beeler, De E.; and Mayer, John P.: Measurements of
the Wing and Tail Loads During the Acceptance Tests of
the Bell XS-1 Research Airplane. NACA RM L7L12, April
1948, CASI ID: 19930085882. PDF CASI

During the acceptance tests of the XS-1 airplane, strain-gage
measurements were made of wing and tail loads up to a Mach
number of 0.80. The maximum lift and buffet boundaries were
also determined. The loads encountered were well within the
design loads and showed fairly good agreement with wind-
tunnel and calculated data.

EC72-3431

XS-1 (X-1) Airplane

4. Williams, Walter C.; and Beeler, De Elroy: Results of
Preliminary Flight Tests of the XS-1 Airplane (8-Percent
Wing) to a Mach Number of 1.25. NACA RM L8A23A,
April 6, 1948, CASI ID: 19930085391.

The data obtained in flight with the XS-1 airplane with
8-percent-thick wing up to and beyond the speed of sound at
an altitude of 37,000 feet and above show that most of the trim
and force changes expected in the transonic range have been
experienced. Although conditions are not normal, the airplane
can be flown under control through a Mach number of 1 at
altitudes of 37,000 feet and above. In detail, the following has
been noted: (1) Buffeting has been experienced in level flight
but has been mild. The horizontal-tail loads associated with the
buffeting have been small. (2) The airplane has experienced
longitudinal trim changes in the speed range from 0.8 up to
1.25. The largest control force associated with these trim
changes was 25 pounds. The pilot has been able to control
the airplane. The relatively small magnitude of the control



force may be attributed to the small size of the elevator and
the high altitude of the flight. (3) The elevator effectiveness
has decreased more than 50 percent in going from a Mach
number of 0.7 to 0.87. There is evidence of further reduction
in elevator effectiveness above a Mach number of 0.87. This
loss in elevator effectiveness has affected the magnitude of
the trim changes as noted by the pilot but the actual trim
changes for the most part have been caused by changes in
the wing-fuselage moment. (4) No aileron buzz or associated
phenomena have been experienced. The airplane becomes
right wing heavy with increasing Mach number up to a Mach
number of 1.10, but can be trimmed with the ailerons.

5. McLaughlin, Milton D.; and Clift, Dorothy C.: Results
Obtained During a Dive Recovery of the Bell XS-1
Airplane to High Lift Coefficients at a Mach Number
Greater Than 1.0. NACA RM L8C23A, April 6, 1948, CASI
ID: 19930085351. PDF DTRS

Measured quantities are presented which were obtained on
the Bell XS-1 airplane with an 8-percent-thick wing and a
6-percent-thick horizontal tail during a dive recovery at a
Mach number greater than 1.0. The data obtained show that it
is possible to obtain fairly high load factors with the airplane
at Mach numbers greater than 1.0 if the stabilizer is used for
longitudinal control. Lift coefficients approaching low-speed
maximum-lift values have been obtained at a Mach number
of 1.1 with no indication that these values are the maximum
obtainable for the airplane. At the Mach number and lift
coefficient reported, there was little or no buffeting.

6. Drake, Hubert M.; McLaughlin, Milton D.; and
Goodman, Harold R.: Results Obtained During Accelerated
Transonic Tests of the Bell XS-1 Airplane in Flights to a
Mach Number of 0.92. NACA RM L8AOS5SA, April 19, 1948,
CASI ID: 19930085320. PDF DTRS

An accelerated flight program using the Bell XS-1 airplane
has been undertaken to explore the transonic-speed range. The
flying was done by an Air Force pilot, and the data reduction
and analysis were made from NACA instrumentation by
NACA personnel. This paper presents the results of tests
obtained up to a Mach number of 0.92 at altitudes around
30,000 feet. The data obtained show that the airplane has
experienced most of the difficulties expected in the transonic
range, but that it can be flown satisfactorily to a Mach number
of at least 0.92 at altitude above 30,000 feet. Longitudinal
trim changes have been experienced but the forces involved
have been small. The elevator effectiveness decreased
about one-half with increase of Mach number from 0.70 to
0.87. Buffeting has been experienced in level flight but it
has been mild and the associated tail loads have been
small. No aileron buzz or other flutter phenomena have
been noted.
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7. Williams, Walter C.; Forsyth, Charles M.; and Brown,
Beverly P.: General Handling-Qualities Results Obtained
During Acceptance Flight Tests of the Bell XS-1 Airplane.
NACA RM L8A09, April 19, 1948, CASI ID: 19930085327.
PDF CASI

During the acceptance tests conducted by the Bell Aircraft
Corporation on the Bell XS-1 transonic research airplane,
NACA instruments were installed to measure the stability
and control characteristics and the aerodynamic loads.
Tests were made in gliding flight and in powered flight.
Two Bell XS-1 airplanes were used during the program: one
airplane had wing and tail thicknesses of 10 percent and 8
percent of the chord, respectively, and the other airplane had
wing and tail thicknesses of 8 percent and 6 percent of the
chord, respectively. The results for the stability and control
measurements are presented in this paper.

8. Williams, Walter C.: Limited Measurements of
Static Longitudinal Stability in Flight of Douglas D-558-1
Airplane (BuAero No. 37971). NACA RM L8E14, June 24

1948, CASI ID: 19930085380. PDF DTRS

During airspeed calibration flights of the D-558-1 airplane
being used by NACA for high-speed-flight research, some
measurements were obtained of the static longitudinal
stability up to a Mach number of 0.85. These data showed that
the airplane possessed positive static longitudinal stability up
to a Mach number of 0.80. A trim change in the nose-down
direction occurred for Mach numbers above 0.82.
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9. Beeler, De E.; McLaughlin, Milton D.; and Clift,
Dorothy C.: Measurements of the Chordwise Pressure
Distributions Over the Wing of the XS-1 Research
Airplane in Flight. NACA RM L8G21, August 4, 1948,
CASI ID: 19930085462. PDF CASI



Measurements of the chordwise pressure distribution over the
8-percent-thick wing of the XS-1 research airplane have been
made at a section near the midspan of the left wing. Data
presented are for a Mach number range of 0.75 to 1.25 at a
normal-force coefficient of about 0.33 and for normal-force
coefficients up to 0.93 at a Mach number of approximately
1.16. The results show that there is a rearward shift of section
center of load with an increase in Mach number due to the
rearward movement of shock with a corresponding extension
of the region of supersonic flow. The load center moves from
about 25 to 51 percent of the chord as the Mach number is
increased for 0.75 to 1.25. During the rearward movement
of load from the forward to rearward limit position, there
is a rapid and large shift of the center of load within these
limits for a Mach number range of 0.82 to 0.88. It is expected
that large changes in trim, with corresponding large changes
in load factor at low altitude, may occur within this Mach
number range.

10. Drake, Hubert M.; Goodman, Harold R.; and Hoover,
Herbert H.: Preliminary Results of NACA Transonic
Flights of the XS-1 Airplane With 10-Percent-Thick Wing
and 8-Percent-Thick Horizontal Tail. NACA RM L8129,
October 13, 1948, CASI ID: 19930085623. PDF DTRS

Contains results of exploratory flights at altitudes of about
40,000 feet to a maximum Mach number of 1.06. Data
are presented showing the longitudinal trim changes,
elevator effectiveness in producing acceleration, and rudder
effectiveness as a function of Mach number. Data on lateral
oscillations are also presented.

11. Goodman, Harold R.; and Drake, Hubert M.: Results
Obtained During Extension of U.S. Air Force Transonic-
Flight Tests of XS-1 Airplane. NACA RM LS8I28,
November 16, 1948, CASI ID: 19930085618. PDF DTRS

Limited data covering extension of the U.S. Air Force
transonic-flight tests of the XS-1 airplane are presented.
These data show that successful flight to a Mach number
of 1.35 has been achieved at altitudes above 40,000 feet.
Longitudinal trim changes were experienced to the highest
Mach numbers attained, with the wheel forces remaining
small and the pilot able to control the airplane with ease. The
airplane becomes right-wing heavy above a Mach number
of 0.8 but can be trimmed with the aileron. No aileron buzz
or flutter phenomena have been encountered. Buffeting has
been light, when encountered in the range of Mach number
and lift coefficient covered by these data.

12. Matthews, James T., Jr.: Effect of Downwash on the
Estimated Elevator Deflection Required for Trim of the
XS-1 Airplane at Supersonic Speeds. NACA RM L8HO06A,
November 1948, CASI ID: 19930085539. PDF DTRS

This report contains the results of an investigation to
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determine from linearized theory, which has recently become
available, the downwash at supersonic speeds at the tail of the
XS-1 airplane and the effect of the downwash on the elevator
deflection required for trim. The results are presented in the
form of curves showing the variation of downwash angle
with angle of attack and elevator deflection required for
trim plotted against Mach number. The calculations indicate
that increasing up-elevator deflection is required with
increasing Mach number (unstable variation) in level flight
between Mach numbers of 1.1 and 1.6. A slight reduction in
up-elevator deflection occurs between Mach numbers of 1.6
and 2.0. The stabilizer angle has a similar variation, that is,
unstable up to a Mach number of about 1.6 and then becoming
slightly stable up to a Mach number of 2.0. The reduction
of downwash with increasing Mach number is not the main
cause of the increase in up-elevator deflection. The main
reasons for this trend are that the pitching-moment
coefficients due to the wing camber, the wing lift, and the
lift of the stabilizer are all in a nose-down direction, and
as the Mach number increases, these pitching-moment
coefficients apparently decrease less rapidly than the
elevator effectiveness.

1949 Technical Publications

13. Drake, Hubert M.: Stability and Control Data
Obtained From First Flight of X-4 Airplane. NACA
RM L9A31, February 7, 1949, CASI ID: 19930090383.
PDF DTRS

NACA instrumentation has been installed in the X-4
airplanes to obtain stability and control data during the
Northrop conducted acceptance tests. The results of the first
flight of the X-4 number 1 airplane are presented in this
report. These data were obtained for a center-of-gravity
position of about 22 percent of the mean aerodynamic chord. A
maximum indicated airspeed and pressure altitude of
290 miles per hour and 11,000 feet, respectively, were
obtained during the flight. Results of the flight indicated
that the airplane is slightly unstable, stick fixed, in gear-
up, flaps-up configuration for a center-of-gravity position
at 21.4 percent of the mean aerodynamic chord. The
pilot reported that it was difficult to maintain steady flight
in this configuration. There was no indication of a snaking
or lateral oscillation for the speed range covered. For
gear-down configuration at low lift coefficients with the
center of gravity at 22.4 and 21.6 percent of the mean
aerodynamic chord the airplane was longitudinally
stable; however, at high lift coefficients, it was indicated
that the airplane was longitudinally unstable. The
rudder effectiveness appeared to be low in the gear-
down, low-speed condition. The maximum rate of rudder
motion of 25 degrees per second available with the
present control system was considered by the pilot to
be too slow.
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14. Williams, Walter C.: Flight Measurement of the
Stability Characteristics of the Douglas D-558-1 Airplane
(BuAero No. 37971) in Sideslips. NACA RM L8EI14A,
April 18. 1949, CASI ID: 19930085398.

Measurements have been made of the stability characteristics
of the D-558-1 airplane in steadily increasing sideslips
at various Mach numbers from 0.50 to 0.80 at 10,000 feet
altitude and at Mach numbers from 0.50 to 0.84 at 30,000 feet
altitude. The results of these tests show that the apparent
directional stability of the airplane is high and increases with
increasing Mach number and dynamic pressure. The dihedral
effect is positive at all speeds, there is little or no change in
pitching moment with sideslip, and the cross-wind force is
positive.

15. Barlow, William H.; and Lilly, Howard C.: Stability
Results Obtained With Douglas D-558-1 Airplane (BuAero
No. 37971) in Flight Up to a Mach Number of 0.89.
NACA RM L8KO03, April 22, 1949, CASI ID: 19930085488.
PDF DTRS

Measurements have been made of some of the high-speed
characteristics of the D-558-1 airplane up to a Mach
number of 0.89. The results of these tests showed that the
stabilizer incidence drastically affected the longitudinal
trim characteristics above a Mach number of 0.80. With a
stabilizer incidence of 2.3 degrees, the airplane became
nose heavy above a Mach number of 0.8. With a stabilizer
incidence of 1.4 degrees, the airplane became tail heavy
above a Mach number of 0.83. The airplane also became
right-wing heavy above a Mach number of 0.84 and the
airplane felt uncertain laterally to the pilot. The longitudinal
stability in accelerated flight was positive throughout
the speed range from a Mach number of 0.50 to 0.80 and
increased above a Mach number of 0.675. The buffet
boundary was defined up to a Mach number of 0.84 and was
similar to that for the Bell XS-1 airplane with the same wing
section, 65-110.
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16. Drake, Hubert M.: Measurement of the Dynamic
Lateral Stability of the Douglas D-558-1 Airplane
(BuAero No. 37971) in Rudder Kicks at a Mach Number
of 0.72. NACA RM L9D0O6A, May 31, 1949, CASI ID:
19930085857.

Contains results of flight measurements of the dynamic lateral
stability of the Douglas D-558-1 airplane at a Mach number
of 0.72 and a pressure altitude of 8500 feet.
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17. Drake, Hubert M.: Measured Characteristics of the
Douglas D-558-1 Airplane (BuAero No. 37971) in Two
Landings. NACA RM L9D20A, June 3, 1949, CASI ID:
19930085907. PDF DTRS

Records were obtained of two landings of the Douglas
D-558-1 airplane made during the stability and control
investigation. These two records show that the maximum
normal-force coefficient used during the landings, 0.95,
was considerably below the maximum, 1.2, estimated to be
available. The approaches were made at 150 percent of the
possible minimum speed, and the actual contacts were at
about 115 percent of minimum speed. The rate of descent in
the approach was 1200 to 1800 feet per minute at the start of
the landing flare.

18. Drake, Hubert M.: Measurements of Aileron
Effectiveness of Bell X-1 Airplane Up to a Mach Number
of 0.82. NACA RM L9D13, June 20, 1949, CASI ID:
19930085865. PDF CASI

Abrupt, rudder-fixed aileron rolls have been made with the
Bell X-1 airplane having a 10-percent-thick wing in glides to
a Mach number of 0.82 at about 30,000 feet pressure altitude.
Aileron movements were between one-fourth and one-half of
full deflection. These aileron rolls indicate that Mach number
has little effect on the aileron effectiveness up to a Mach
number of 0.82.



19. Williams, Walter C.. Results Obtained From
Second Flight of X-4 Airplane (USAF No. 46-676).
NACA RM L9F21, July 18, 1949, CASI ID: 19930085908.
PDF DTRS

NACA instrumentation has been installed in the X-4 airplanes
to obtain stability and control data during the Northrop-
conducted acceptance tests. The results of the second flight
of the X-4 number 1 airplane are presented in this report.
This flight was made with the center of gravity at 22 percent
of the mean aerodynamic chord and with the rudder-boost
system removed. The results of the flight showed that the
longitudinal stability was positive in the clean condition and
in the gear-down, flaps-up condition. Records taken during
landing approach and in a steady run at 170 miles per hour
showed that the lateral oscillation is poorly damped. The pilot
reported that the rudder control was adequate.

20. Drake, Hubert M.; and Wall, Helen L.: Preliminary
Theoretical and Flight Investigation of the Lateral
Oscillation of the X-1 Airplane. NACA RM L9F07,
July 19, 1949, CASI ID: 19930086064.

A small-amplitude, undamped, lateral oscillation has been
encountered in flight tests of the X-1 airplane. The oscillation
occurs in subsonic and supersonic flight, in maneuvers, and
power on and off. The calculations indicate that a change,
in the positive direction, of the inclination of the principal
axis with respect to the flight path should have a considerable
stabilizing effect.

21. Goodman, Harold R.; and Yancey, Roxanah B.: The
Static-Pressure Error of Wing and Fuselage Airspeed
Installations of the X-1 Airplanes in Transonic Flight.
NACA RM L9G22, July 22, 1949, CASI ID: 19930085959.

Measurements were made in the transonic speed ranges of
the static-pressure position error at a distance of 0.96 chord
ahead of the wing tip of both the 8-percent-thick-wing and
the 10-percent-thick-wing X-1 airplanes, and at a point 0.6
maximum fuselage diameter ahead of the fuselage nose of
the X-1 airplanes.

22. Drake, Hubert M.: Measurements of Aileron
Effectiveness of the Bell X-1 Airplane at Mach Numbers
Between 0.9 and 1.06. NACA RM L9G19A, August 4, 1949,
CASI ID: 19930085948. PDF DTRS

Presents results of flight measurements of aileron effectiveness
of the X-1 airplane up to a Mach number of 0.94. The data
indicate a 75 percent loss of aileron effectiveness between
M =0.82 and M = 0.94.

23. Valentine, George M.: Stability and Control Data
Obtained From Fourth and Fifth Flights of the Northrop
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X-4 Airplane (USAF No. 46-676). NACA RM L9G25A,
August 4, 1949, CASI ID: 19930085967. PDF DTRS

NACA instrumentation has been installed in the Northrop
X-4 airplane to obtain stability and control data during the
Northrop-conducted acceptance tests. The results of the
fourth and fifth flights of the Northrop X-4 number 1 airplane
are presented in this paper. These data were obtained for a
center-of-gravity position of approximately 19.5 percent
of the mean aerodynamic chord. The results of this flight
showed that the directional stability as measured in steadily
increasing sideslips was positive and high and that the effective
dihedral was positive. The results also show the airplane to be
longitudinally stable, stick fixed, with the center of gravity at
19.5 percent of the mean aerodynamic chord.

24. Sjoberg, Sigurd A.: Preliminary Measurements of the
Dynamic Lateral Stability Characteristics of the Douglas
D-558-11 (BuAero No. 37974) Airplane. NACARM L9G 138,
August 18, 1949, CASI ID: 19930085944. PDF DTRS

This paper presents some data on the dynamic lateral stability
characteristics of the Douglas D-558-11 (BuAero No. 37974)
airplane. For the airplane in the clean condition, the lateral
oscillations are lightly damped. In the landing condition, the
airplane performs a constant-amplitude lateral oscillation.
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25. Williams, Walter C.: Results Obtained from Third
Flight of Northrop X-4 Airplane (USAF No. 46-676).
NACA RM L9G20A, September 9, 1949, CASI ID:
19930085956. PDF DTRS

NACA instrumentation has been installed in the Northrop
X-4 airplane to obtain stability and control data during the
Northrop-conducted acceptance tests. The results of the third
flight of the X-4 number 1 airplane are presented in this paper.
The results of this flight showed that the directional stability
as measured in steadily increasing sideslips was positive and
high and that the lateral stability was positive.



26. Goodman, Harold R.: The Static-Pressure Error of
a Wing Airspeed Installation of the McDonnell XF-88
Airplane in Dives to Transonic Speeds. NACA RM SLII12,

September 23, 1949.

Measurements were made, in dives to transonic speeds, of
the static-pressure position error at a distance of one chord
ahead of the wing tip of the McDonnell XF-88 airplane. The
airplane incorporates a wing which is swept back 35° along
the 0.25-chord line and utilizes a 65-series airfoil with a
9-percent-thick section perpendicular to the 0.25-chord line.
The section in the stream direction is approximately 8 percent
thick. Data up to a Mach number of about 0.97 were obtained
within an airplane normal-force-coefficient range from about
0.05 to about 0.68. Data at Mach numbers above about 0.97
were obtained within an airplane normal-force-coefficient
range from about 0.05 to about 0.38.

27. Sjoberg, S. A.; and Champine, R. A.: Preliminary
Flight Measurements of the Static Longitudinal Stability
and Stalling Characteristics of the Douglas D-558-11
Research Airplane (BuAero No. 37974). NACA RM
L9H31A, October 18, 1949, CASI ID: 19930085989.

Contains results of brief flight measurements of the static
longitudinal stability and stalling characteristics of the
Douglas D-558-II (BuAero No. 37974) research airplane.

1950 Technical Publications

28. Matthews, James T.: Results Obtained During Flights
1 to 6 of the Northrop X-4 Airplane (USAF No. 46-677).
NACARMLO9K?22, January 12,1950, CASIID: 19930086046.
PDF CASI

NACA instruments were installed in the Northrop X-4 number
2 airplane (A.F. No. 46-677) to obtain stability and control
data during the acceptance tests conducted by the Northrop
Company. The results of flights 1 to 6 are presented in this
report. These datawere obtained for acenter-of-gravity position
of about 19.5 to 20.0 percent of the mean aerodynamic chord.
The data presented include a time history of a complete pull-
up, time histories of several level and accelerated flight runs,
and the effect of dive-brake extension on the longitudinal and
lateral trim. The pilot reports the mechanical trim device to
be unsatisfactory for any stick-free or dynamic stability and
control analysis because the stick force cannot be trimmed to
zero sufficiently well to permit the stick to be released during
a maneuver without the airplane performing a divergence.
In addition, the trim device is inoperative when more than
8.0 degrees up elevon angle is required for trim. A short-
period longitudinal oscillation with relatively poor damping
was present, but this oscillation was not objectionable to
the pilot. The airplane has a stable variation of longitudinal-
control angle with normal-force coefficient for the indicated
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airspeed ranges of 180 to 300 miles per hour at about 30,000-
foot pressure altitude. Extension of the dive brakes up to +30
degrees has no appreciable effect on the longitudinal trim at
indicated airspeeds of 160 miles per hour with landing gear
down, and at airspeeds of 300 miles per hour with the landing
gear up, at altitudes of 8,500 and 10,000 feet, respectively. A
slight tendency to roll to the left was indicated in the landing-
gear-down case.

29. Sadoff, Melvin; and Sisk, Thomas R.: Stall
Characteristics Obtained From Flight 10 of Northrop X-4
No. 2 Airplane (USAF No. 46-677). NACA RM A50A04,
February 27, 1950, CASI ID: 19930090543.

NACA instrumentation has been installed in the X-4 airplanes
to obtain stability and control data during the acceptance
tests conducted by the Northrop Aircraft Corporation. This
report presents data obtained on the stalling characteristics
of the airplane in the clean and gear-down configurations.
The center of gravity was located at approximately
18 percent of the mean aerodynamic chord during the tests.
The results indicated that the airplane was not completely
stalled when stall was gradually approached during nominally
unaccelerated flight but that it was completely stalled during
a more abruptly approached stall in accelerated flight. The
stall in accelerated flight was relatively mild, and this was
attributed to the nature of the variation of lift with angle
of attack for the 0010-64 airfoil section, the plan form of
the wing, and to the fact that the initial sideslip at the stall
produced (as shown by wind-tunnel tests of a model of the
airplane) a more symmetrical stall pattern.

30. Sjoberg, S. A.:. Flight Measurements With the
Douglas D-558-I1 (BuAero No. 37974) Research Airplane.
Static Lateral and Directional Stability Characteristics
as Measured in Sideslips at Mach Numbers Up to 0.87.
NACARM L50C14, May 19, 1950, CASI ID: 19930086174.
PDF CASI

Flight measurements were made in sideslips of the static
lateral and directional stability characteristics of the
Douglas D-558-11 (BuAero No. 37974) research airplane.
The directional stability of the airplane was positive in both
the clean and landing conditions at all test speeds. About
2 degrees of rudder deflection were required to produce
1 degree of sideslip in both the clean and landing conditions.
There was no decrease in the effectiveness of the rudder
in producing sideslip up to the highest Mach number
reached (0.87).

31. Thompson, Jim Rogers; Roden, William S.; and
Eggleston, John M.: Flight Investigation of the Aileron
Characteristics of the Douglas D-558-1 Airplane (BuAero
No. 37972) at Mach Numbers Between 0.6 and 0.89.
NACA RM L50D20, May 26, 1950, CASI ID: 19930086309.
PDF CASI



Abrupt, rudder-fixed aileron rolls have been made with the
Douglas D-558-1 airplane (BuAero No. 37972) at Mach
numbers between 0.6 and 0.89. Rolls were made at aileron
deflections between one-eighth and one-half the maximum
available deflection. The results obtained indicate that the
aileron effectiveness is independent of Mach number and
deflection within the range investigated. Limited information
on the lateral trim and handling qualities of the airplane at
high Mach numbers is presented.

32. Sadoff, Melvin; and Sisk, Thomas R.: Longitudinal-
Stability Characteristics of the Northrop X-4 Airplane
(U.S.A.F. No. 46-677). NACA RM A50D27, June 29, 1950,
CASI ID: 19930086356. PDF CASI

The results obtained from several recent flights on the
Northrop X-4 No. 2 airplane are presented. Information
is included on the longitudinal-stability characteristics in
straight flight over a Mach number range of 0.38 to about
0.63, the longitudinal-stability characteristics in accelerated
flight over a Mach number range of 0.43 to about 0.79, and
the short-period longitudinal-oscillation characteristics at
Mach numbers of 0.49 and 0.78. It was shown that the stick-
fixed and stick-free static longitudinal stability, as measured
in straight flight, were positive over the test speed range with
the center of gravity located at about 18.0 percent of the mean
aerodynamic chord. During the longitudinal-stability tests
in accelerated flight an inadvertent pitch-up of the airplane
occurred at a Mach number of about 0.79 and a normal-force
coefficient of about 0.45 (normal acceleration factor, the ratio
of the net aerodynamic force along the airplane Z axis to the
weight of the airplane = 5), in which the acceleration built
up rapidly to the ratio of the net aerodynamic force along the
airplane Z axis to the weight of the airplane = 6.2 (which was
in excess of the load factor, 5.2, required for demonstration of
the airplane) before recovery could be initiated. A comparison
of the experimentally determined elevon angles required for
balance and the elevon-angle gradients with values estimated
from limited wind-tunnel data showed fairly good agreement.
Wind-tunnel data, however, were not available in the region
where the pitch-up occurred so that an evaluation in this
regard was not possible. The short-period oscillation was
lightly damped and did not meet the Air Force requirements
for satisfactory handling qualities. The pilot, however, did
not object to the low damping characteristics of this airplane
for small-amplitude oscillations. Theory predicted the period
of the short-period longitudinal oscillation fairly well;
however, the damping evaluated from the theory indicated
considerably greater damping than was actually measured in
flight, especially at the higher Mach numbers.

33. Mayer, John P.; Valentine, George M.; and Mayer,
Geraldine C.: Flight Measurements with the Douglas
D-558-I1 (BuAero No. 37974) Research Airplane.
Determination of the Aerodynamic Center and Zero-
Lift Pitching-Moment Coefficient of the Wing-Fuselage
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Combination by Means of Tail-Load Measurements in
the Mach Number Range From 0.37 to 0.87. NACA RM
L50D10, July 11. 1950, CAST ID: 19930086246. PDF CASI

Determinationofthe aerodynamic centerand zero-lift pitching-
moment coefficient of the wing-fuselage combination by
means of tail-load measurements in the Mach number range
from 0.37 to 0.87.

34. Wilmerding, J. V.; Stillwell, W. H.; and Sjoberg, S.
A. Flight Measurements with the Douglas D-558-11
(BuAero No. 37974) Research Airplane: Lateral Control
Characteristics as Measured in Abrupt Aileron Rolls at
Mach Numbers Up to 0.86. NACA RM L50E17, July 20,
1950, 93R 15435, CASI ID: 19930086145.

Flight measurements were made of the lateral control
characteristics of the Douglas D-558-II airplane in abrupt
rudder-fixed aileron rolls. In the Mach number range from
0.50 to 0.86 the aileron rolling effectiveness is substantially
constant and the rate of change of the maximum wing-tip
helix angle with total aileron deflection (rate of change of
maximum wing-tip helix angle with total aileron deflection,
radians per degree) has a value of 0.0027 radian per degree.
Extrapolated data indicate that in this Mach number range
full aileron deflection of 30 degrees will produce a maximum
wing-tip helix angle pb/2V of about 0.08 radian. As the speed
is reduced below a mach number of 0.50 a marked decrease
occurs in the maximum value of pb/2V obtainable with a
given aileron deflection. This decrease pb/2V occurs because
the dihedral effect increases with decrease in speed and the
adverse sideslip angles reached in the rolls at low speed are
larger. At an indicated airspeed of 150 miles per hour in
the landing condition, full aileron deflection will produce
a maximum pb/2V of 0.04 radian, which for standard sea-
level conditions corresponds to a rolling velocity of 40
degrees per second. In the opinion of the pilots this rolling
velocity is sufficiently high for the landing condition with
this airplane. It is the opinion of several NACA pilots that
the maximum usable rolling velocity is on the order of
2.5 radians per second. In the Mach number range from 0.42 to
0.86 at an altitude of 15,000 feet rolling velocities greater than
2.5 radians per second can be obtained with less than full
aileron deflection. The data indicate that in going from high to
low lift coefficient the yawing moment due to rolling changes
direction. At high lift coefficients the sideslip due to roll is
in the same direction as the roll (right roll produces right
sideslip), but at low lift coefficients the opposite tendency
is present.

35. Gates, Ordway B.; and Sternfield, Leonard: Effect of
an Autopilot Sensitive to Yawing Velocity on the Lateral
Stability of the Douglas D-558-I1 Airplane. NACA RM
L50F22, August 17, 1950.

A theoretical investigation has been made to determine



the effect on the lateral stability of the Douglas D-558-11
airplane of an autopilot sensitive to yawing velocity. The
effects of inclination of the gyro spin axis to the flight
path and of time lag in the autopilot were also determined.
The flight conditions investigated included landing at sea
level, approach condition at 12,000 feet, and cruising at
12,000 feet at Mach numbers of 0.80 and 1.2. The results
of the investigation indicated that the lateral stability
characteristics of the D-558-II airplane for the flight condition
discussed should satisfy the Air Force - Navy period-damping
criterion when the proposed autopilot is installed. Airplane
motions in sideslip subsequent to a disturbance in sideslip are
presented for several representative flight conditions in which
a time lag in the autopilot of 0.10 second was assumed.

36. Mayer, John P; and Valentine, George M.: Flight
Measurements With the Douglas D-558-I1 BuAero No.
37974 Research Airplane. Measurements of the Buffet
Boundary and Peak Airplane Normal Force Coefficients
at Mach Numbers Up to 0.90. NACA RM L50E31, August
28, 1950, CASI ID: 19930086185. PDF CASI

Measurements of the buffet boundary and peak airplane
normal force coefficients at Mach numbers up to 0.90.

37. Stillwell, W. H.; Wilmerding, J. V.; and Champine,
R. A.: Flight Measurements With the Douglas D-558-11
BuAero No. 37974 Research Airplane. Low-Speed Stalling
and Lift Characteristics. NACA RM L50G10, September
5, 1950, CASI ID: 19930086379. PDF CASI

The low-speed stalling and lift characteristics of the D-558-II
airplane were measured in a series of 1-g stalls in four
different airplane configurations. With the slats locked closed
and the flaps up or down, the airplane was unstable at angles
of attack greater than about 9 degrees. With the flaps up this
corresponds to a normal-force coefficient of about 0.8 and
with the flaps down, about 1.07. Because of this instability,
the airplane tended to pitch to high angles of attack; at these
high angles of attack, violent rolling and yawing motions
sometimes occurred. In one case with the flaps down and the
slats locked the airplane went into a spin after pitching up
to high angles of attack. The pilots considered the stalling
characteristics of the airplane with the slats locked to be
very objectionable. No data are presented in this paper on
the stalling characteristics in maneuvering flight, but the
pilots considered the longitudinal instability particularly
objectionable in maneuvering flight. With the slats unlocked
and the flaps up or down the airplane was unstable at angles of
attack greater than about 23 degrees. Uncontrolled-for rolling
and yawing motions due to stalling were present when the
airplane was unstable in the high angle-of-attack range. With
the slats unlocked and the flaps and landing gear up or down,
there was adequate stall warning in the form of buffeting
and lateral oscillations of the airplane. With the slats locked,
slight buffeting of the airplane occurred at a normal-force
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coefficient slightly less than the normal-force coefficient
at which the airplane became longitudinally unstable. With
the flaps up and the slats locked, the highest normal-force
coefficient obtained was 1.13 at an angle of attack of about
17.5 degrees. The highest normal-force coefficient obtained
with the flaps up and the slats unlocked was 1.46 at an angle
of attack of 36 degrees, and in the angle-of-attack range from
23 degrees to 30 degrees the normal-force coefficient had
a substantially constant value of 1.32. At the lower angles
of attack with the slats locked or unlocked deflecting the
flaps produced an increment in normal-force coefficient at
a given angle of attack of about 0.26. The highest normal-
force coefficient obtained with the flaps down and the slats
locked or unlocked was about 1.65. This value was attained
at an angle of attack of about 35.5 degrees with the slats
locked and at an angle of attack of about 38 degrees with the
slats unlocked. However, in the angle-of-attack range from
12 degrees to 32 degrees considerably greater normal-force
coefficients were obtained with the slats unlocked than with
the slats locked.

38. Carner, H. Arthur; and Knapp, Ronald J.: Flight
Measurements of the Pressure Distribution on the Wing
of the X-1 Airplane (10-Percent-Thick Wing) Over a
Chordwise Station Near the Midspan, in Level Flight at
Mach Numbers from 0.79 to 1.00 and in a Pull-Up at a
Mach Number of 0.96. NACA RM L50H04, September 12,
1950, CASI ID: 19930086250. PDF CASI

Measurements of the chordwise pressure distribution over
the 10-percent-thick wing of the X-1 research airplane have
been made at a section near the midspan of the left wing.
Data presented are for a Mach number range from 0.79 to
1.00 at a section normal-force coefficient of about 0.32 and
for section normal-force coefficients up to 1.00 at a Mach
number of approximately 0.96. The results show that the
section center of load moves aft from about 32 percent chord
at Mach number 0.79 to 40 percent chord at Mach number
0.84, and then forward to 18 percent chord at Mach number
0.89. The section center of load moves aft to 45 percent
chord at Mach number 0.95 and then remains approximately
constant at Mach numbers up to 1.00. At a section normal-
force coefficient of 0.32 a shock exists on the upper surface
at the lowest test Mach number of 0.79 and supersonic flow
exists over approximately 50 percent of the chord on the upper
surface. The first indication of a shock on the lower surface
occurs at a Mach number of about 0.84. At Mach numbers
above 0.95 the shocks on both surfaces occur near the trailing
edge and the pressure distribution over both surfaces is quite
similar. An increase in the normal-force coefficient at a Mach
number of approximately 0.96 causes a slight increase in the
section stability at the higher normal-force coefficients.

39. Carner, H. Arthur; and Payne, Mary M.: Tabulated
Pressure Coefficients and Aerodynamic Characteristics
Measured on the Wing of the Bell X-1 Airplane in Level



Flight at Mach Numbers from 0.79 to 1.00 and in a Pull-Up
at Mach Number of 0.96. NACA RM L50H25, September
18, 1950, CASI ID: 19930086333. PDF CASI

Tabulated  pressure coefficients and  aerodynamic
characteristics are presented for six spanwise stations on the
left wing of the Bell X-1 research airplane. The data were
obtained in level flight at Mach numbers from 0.79 to 1.00
and in a pull-up to an airplane normal-force coefficient of
0.91 at a Mach number of approximately 0.96.

40. Drake, Hubert M.; and Carden, John R.: Elevator-
Stabilizer Effectiveness and Trim of the X-1 Airplane to a
Mach Number of 1.06. NACA RM L50G20, November 1

1950, CASI ID: 19930086316. PDF CASI

The relative elevator-stabilizer effectiveness of the X-1 has
been determined to decrease from a value of 0.25 at a Mach
number of 0.78 to a value of 0.05 at a Mach number of 1.0.
At supersonic speeds the effectiveness increases. The various
stabilizer settings are caused by the variation in effectiveness
and the fact that the effectiveness is nonlinear at Mach
numbers between 0.94 and 0.97. It was found that, with the
elevator fixed at zero, only about 0.5 degrees of stabilizer
movement would be required to trim through the Mach
number range from 0.78 to 1.02.

41. Knapp, Ronald J.; and Wilken, Gertrude V.: Tabulated
Pressure Coefficients and Aerodynamic Characteristics
Measured on the Wing of the Bell X-1 Airplane in Pull-
Ups at Mach Numbers From 0.53 to 0.99. NACA RM

L50H28, November 1., 1950, CASI ID: 19930086369.
PDF CASI
Tabulated  pressure coefficients and  aerodynamic

characteristics are presented for six spanwise stations on the
left wing of the Bell X-1 research airplane. The data were
obtained in 10 pull-ups at Mach numbers from 0.53 to 0.99.

42. Angle, Ellwyn; and Holleman, Euclid C.:
Determination of Longitudinal Stability of the Bell X-1
Airplane From Transient Responses at Mach Numbers
Up to 1.12 at Lift Coefficients of 0.3 and 0.6. NACA RM
L50I06A, November 7. 1950, CASI ID: 19930086430.

A number of free-flight transient responses resulting from
small stabilizer movements were obtained during flight tests
of the Bell X-1 airplane (8-percent-thick wing and 6-percent
thick tail). Responses were analyzed to obtain a measure of
the longitudinal stability characteristics of the airplane over
the Mach number range from 0.72 to 1.12 at lift coefficients
of 0.3 and 0.6. The data presented indicate three significant
features: (1) The damping varies greatly with Mach number,
maximum damping occurring at Mach numbers of 0.82
and 1.08 and a minimum damping at about 0.93; (2) some
uncertainty of damping between Mach numbers of 0.91 to
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0.95 appears although good agreement with model tests
exists throughout the Mach number range covered; and
(3) the static stability of the airplane increases with Mach
number to a Mach number of about 0.93 and decreases with
further increasing Mach number. Data above a Mach number
of 0.90 indicate some lift-coefficient effects. Agreement
of the full-scale flight data and model data over the Mach
number range is good.

43. Drake, Hubert M.: Effects on the Lateral Oscillation
of Fixing the Rudder and Reflexing the Flaps on the Bell
X-1 Airplane. NACA RM L50I05, December 11, 1950,
CASI ID: 19930086424. PDF CASI

Flight tests have been made on the Bell X-1 airplane having
the 10-percent-thick wing and the 8-percent-thick tail to
evaluate the effects of fixing the rudder and changing the
inclination of the principal axes of inertia by reflexing the
landing flaps on the snaking which has been encountered over
practically the entire range of Mach number and normal-force
coefficient. The data were obtained during power-off glides at
altitudes between 32,000 and 16,000 feet. The results showed
that fixing the rudder reduced the amplitude of snaking, but
did not eliminate it at a Mach number of 0.84. It was also
found that reflexing the flaps to change the inclination of
the principal axis of inertia 1 and 3/4 nose up increased the
dynamic lateral stability, but had only a small effect on the
snaking oscillation at a Mach number of 0.85.

44. Sadoff, Melvin; and Sisk, Thomas R.: Summary
Report of Results Obtained During Demonstration
Tests of the Northrop X-4 Airplanes. NACA RM A50101,
December 13, 1950, CASI ID: 19930086420. PDF CASI

Results obtained during the demonstration flight tests of
the Northrop X-4 No. 1 and No. 2 airplanes are presented.
Information is included on the static and dynamic
longitudinal- and lateral-stability characteristics, the stalling
characteristics, and the buffet boundary. The data indicated
that the airplane was almost neutrally stable in straight flight
at low Mach numbers with the center of gravity located at
about 21.4 percent of the mean aerodynamic chord for the
clean configuration. In accelerated flight over a Mach number
range of about 0.44 to 0.84 the airplane was longitudinally
stable up to a normal-force coefficient of about 0.4. At
higher values of normal-force coefficient and at the higher
(approximately Mach 0.8) Mach numbers a longitudinal
instability was experienced. The X-4 airplane does not satisfy
the Air Force specifications for damping of the short-period
longitudinal oscillation. The pilot, however, did not consider
the low damping characteristics of the airplane objectionable
for small disturbances. An objectionable undamped oscillation
about all three axes was experienced, however, at the highest
test Mach number of 0.88. Theory predicted the period of
the short-period longitudinal oscillation fairly well, while,
in general, the theoretical damping indicated a higher degree



of stability than was actually experienced. This discrepancy
was traced to a considerable error in the estimation of the
rotational damping factor. The directional stability of the
X-4 airplane as measured in steady sideslips was high and
essentially constant over the speed range covered, while
the dihedral effect decreased considerably with an increase
in airspeed. The damping of the lateral oscillation does not
meet the Air Force requirements for satisfactory handling
qualities over the Mach number range covered. The data
indicated decreased damping as the flight Mach number
was increased above about 0.5, and at high Mach numbers
(M>0.8) and at high altitudes the X-4, in common with other
transonic research airplanes, experienced a small amplitude
undamped lateral oscillation. The dynamic lateral-stability
characteristics were estimated fairly well by theory at low
Mach numbers and at a pressure altitude of 10,000 feet. At
30,000 feet, however, at Mach numbers above about 0.6, the
theory again indicated a higher degree of stability than was
actually obtained. For the conditions covered in these tests
the stalling characteristics of the X-4 airplane, as measured
in stall approaches in straight flight and in an accelerated stall
to about 1.6 g, were, in general, satisfactory. Both the stall
approaches and the stall were characterized by a roll-off to
the right. The X-4 buffet boundary showed a sharp drop-off
in the normal-force coefficient for the onset of buffeting as
the flight Mach number exceeded 0.8. The boundary was
almost identical to that obtained for the D-558-II research
airplane at comparable Mach numbers.

45. Keener, Earl R.; and Pierce, Mary: Tabulated Pressure
Coefficients and Aerodynamic Characteristics Measured
in Flight on the Wing of the Douglas D-558-1 Airplane
for a 1-G Stall, a Speed Run to a Mach Number of 0.90,
and a Wind-Up Turn at a Mach Number of 0.86. NACA

RM L50J10, December 15, 1950, CASI ID: 19650068445.
PDF CASI
Tabulated  pressure coefficients and  aerodynamic

characteristics are presented unanalyzed for six spanwise
stations on the right wing of the Douglas D-558-1 research
airplane (BuAero No. 37972). The data were obtained
in a 1 g stall at subcritical Mach numbers, in a speed run
to a Mach number of 0.90 and in a wind-up turn at a Mach
number of 0.86.

46. Mayer, John P; Valentine, George M.; and Swanson,
BeverlyJ.: Flight Measurements With the Douglas D-558-11
(BuAero No. 37974) Research Airplane: Measurements
of Wing Loads at Mach Numbers Up to 0.87. NACA
RM L50H16, December 26, 1950, CASI ID: 19930086311.
PDF CASI

Flight measurements have been made of the aerodynamic
wing normal force, bending moment, and pitching moment
by means of strain gages on the D-558-11 airplane at Mach

32

numbers up to 0.87 and at angles of attack up to 38° for
low Mach numbers.
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47. Drake, Hubert M.; and Clagett, Harry P.: Effects on the
Snaking Oscillation of the Bell X-1 Airplane of a Trailing-
Edge Bulb on the Rudder. NACA RM L50KO01A, January
16, 1951, CASI ID: 19930086461.

A rudder bulb was installed on the trailing edge of the rudder
of the Bell X-1 airplane having the 8-percent-thick wing and
6-percent-thick tail. Several flights were made to investigate
the effects of the bulb on the snaking oscillation at Mach
numbers between 0.75 and 1.0. It was found that the rudder
bulb had no noticeable effect on the snaking oscillation over
the Mach number range tested.

48. Sjoberg, S. A.; Peele, James R.; and Griffith, John H.:
Flight Measurements With the Douglas D-558-11 (BuAero
No. 37974) Research Airplane: Static Longitudinal
Stability and Control Characteristics at Mach Numbers
Up to 0.87. NACARM L50K13, January 17, 1951, CASI ID:
19930086520. PDF CASI

The paper presents the results of flight measurements of
the longitudinal stability and control characteristics of the
Douglas D-558-1II research airplane. Data are presented in
the speed range from the stalling speed of the airplane up to a
maximum Mach number of 0.87.

49. Mayer, John P.; and Valentine, George M.: Flight
Measurements With the Douglas D-558-I1 (BuAero
No. 37974) Research Airplane: Measurements of the
Distribution of the Aerodynamic Load Among the Wing,
Fuselage, and Horizontal Tail at Mach Numbers Up to
0.87. NACA RM L50J13, January 19, 1951, CASI ID:
19930086597, 93R15887. PDF CASI

Flight measurements of the aerodynamic wing and tail loads
have been made on the Douglas D-558-II airplane from
which the distribution of the aerodynamic load among the
wing, fuselage, and horizontal tail has been determined at
Mach numbers up to 0.87. These measurements indicate that,
for normal-force coefficients less than 0.7, the distribution
of air load among the airplane components does not
change appreciably with Mach number at Mach numbers
up to 0.87. The measurements also indicate that, for all
flight configurations, the increase in airplane normal-force
coefficient above the angle of attack at which the wing reaches
its maximum normal-force coefficient is due principally to
the contribution of the fuselage to the airplane normal-force
coefficient.



50. Keener, Earl R.; Peele, James R.; and Woodbridge, Julia
B.: Tabulated Pressure Coefficients and Aerodynamic
Characteristics Measured in Flight on the Wing of the
Douglas D-558-1 Airplane Throughout the Normal-Force-
Coefficient Range at Mach Numbers of 0.67, 0.74, 0.78,
and 0.82. NACARM L50L12A, January 29, 1951, CASI ID:
19930086504.

Tabulated  pressure coefficients and  aerodynamic
characteristics measured in flight are presented for six
spanwise stations on the right wing of the D-558-I research
airplane (BuAero No. 37972). The data were obtained
throughout the normal-force-coefficient range at Mach
numbers of 0.67,0.74,0.78, and 0.82. This paper supplements
similar tabulated data which have been presented in NACA
RM L50J10. (see also 45.)

51. Carman, L. Robert; and Carden, John R.: Lift and
Drag Coefficients for the Bell X-1 Airplane (8-Percent-
Thick Wing) in Power-Off Transonic Flight. NACA RM
L51EO08, June 1951, CASI ID: 19930086696. PDF CASI

Drag coefficients have been determined by the accelerometer
method for the Bell X-1 airplane with 8-percent-thick wing
and 6-percent-thick tail in power-off flight over a Mach
number range of 0.64 to 1.14 and at lift coefficients from 0.1
to 1.2.

52. Stillwell, W. H.; and Wilmerding, J. V.: Flight
Measurements With the Douglas D-558-I1 (BuAero No.
37974) Research Airplane: Dynamic Lateral Stability.
NACARM L51C23, June 18, 1951, CASI ID: 19930086606.
PDF CASI

The paper presents flight measurements of the dynamic
lateral stability of the D-558-I1 (BuAero No. 37974) research
airplane. Data are presented for a range of calibrated airspeed
from 167 miles per hour to 474 miles per hour.

53. Smith, Lawrence A.: Tabulated Pressure Coefficients
and Aerodynamic Characteristics Measured on the Wing
of the Bell X-1 Airplane in an Unaccelerated Stall and in
Pull-Ups at Mach Numbers of 0.74, 0.75, 0.94, and 0.97.
NACARM L51B23, June 19, 1951, CASI ID: 19930086564.
PDF CASI

Presents tabulated pressure coefficients and aerodynamic
characteristics measured on the wing of the Bell X-1 research
airplane in an unaccelerated stall and in pull-ups at Mach
numbers of approximately 0.74, 0.75, 0.94, and 0.97.

54. Sadoff, Melvin; Roden, William S.; and Eggleston, John
M.: Flight Investigation of the Longitudinal Stability and
Control Characteristics of the Douglas D-558-1 Airplane
(BuAero No. 37972) at Mach Numbers Up to 0.89.

33

NACA RM L51DI18, June 1951, CASI ID: 19930086806.
PDF CASI

Results and analysis pertaining to the longitudinal stability
and control characteristics of the Douglas D-558-1 airplane
(BuAero No. 37972) are presented. The results indicated that
large and rapid changes in elevator deflection and force were
required for balance above a Mach number of 0.84. Analysis
indicated that a major part of these changes were due to a
loss in elevator effectiveness. A large increase in the apparent
stick-fixed stability parameter d delta (sub) e/dC (sub) N was
also noted due to a loss in elevator effectiveness combined
with an increase in airplane stability.
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D-558-1 Airplane, Three-View Drawing

55. Keener, Earl R.; and Bandish, Rozalia M.: Tabulated
Pressure Coefficients and Aerodynamic Characteristics
Measured in Flight on the Wing of the D-558-1 Research
Airplane Through a Mach Number Range of 0.80 to 0.89
and Throughout the Normal-Force-Coefficient Range at
Mach Numbers of 0.61, 0.70, 0.855, and 0.88. NACA RM
L51F12, August 1951, CASI ID: 19930086693. PDF CASI

Presents tabulated pressure coefficients and aerodynamic
characteristics obtained in flight from pressure distributions
over six chordwise rows of orifices on a wing of the Douglas
D-558-I research airplane (BuAero No. 37972). It includes
data obtained throughout a Mach number range of 0.80 to
0.89 and throughout the normal-force-coefficient range at
M =0.61,0.70, 0.855, and 0.88.

56. Beeler, De E.; Bellman, Donald R.; and Griffith,
John H.: Flight Determination of the Effects of Wing
Vortex Generators on the Aerodynamic Characteristics
of the Douglas D-558-1 Airplane. NACA RM L51A23,
August 1951, CASI ID: 19930086681. PDF CASI

Tests were made to determine the effects of wing vortex
generators on the handling and buffeting characteristics of the
Douglas D-558-I airplane. Measurements of the chordwise



pressure distribution over one section of the wing, the total-
head losses in a portion of the wing wake, the total airplane
drag, and the buffeting and handling characteristics were made
with the basic configuration and with vortex generators of an
arbitrary size, shape, and location installed on the wing.

57. Knapp, Ronald J.: Tabulated Pressure Coefficients
and Aerodynamic Characteristics Measured on the Wing
of the Bell X-1 Airplane in an Unaccelerated Low-Speed
Stall, in Push-Overs at Mach Numbers of 0.83 and 0.99,
and in a Pull-Up at a Mach Number of 1.16. NACA
RM L51F25, September 1951, CASI ID: 19930086744.
PDF CASI

Presents tabulated pressure coefficients and aerodynamic
characteristics measured on the wing of the Bell X-1 research
airplane in an unaccelerated low-speed stall, in push-overs at
Mach numbers of 0.83 and 0.99, and in a pull-up at a Mach
number of 1.16.

58. Drake, Hubert M.; Carden, John R.; and Clagett, Harry
P.: Analysis of Longitudinal Stability and Trim of the Bell
X-1 Airplane at a Lift Coefficient of 0.3 to Mach Numbers
Near 1.05. NACA RM L51HO01, October 1951, CASI ID:
19930086697. PDF CASI

An analysis has been made of the flight test data obtained
with two X-1 airplane shaving 10-percent-thick wings and an
8-percent-thick tail and 8-percent-thick wings and a
6-percent-thick tail. The variation with Mach number of the
rate of change of downwash angle of attack, the static stability,
and the airplane trim were obtained at a lift coefficient of
0.3.

59. Sadoff, Melvin; Ankenbruck, Herman O.; and O’Hare,
William: Stability and Control Measurements Obtained
During USAF-NACA Cooperative Flight-Test Program
on the X-4 Airplane (USAF No. 46-677). NACA RM
A51HO09, October 26, 1951, 93R16101. PDF CASI

Results obtained during the Air Force testing of the Northrop
X-4 airplane are presented. Information is included on the
stalling characteristics, the static and dynamic longitudinal-
and lateral-stability characteristics, and the lateral-
control characteristics. The data indicated that the stalling
characteristics of the X-4 airplane in straight flight and in
accelerated flight at low Mach numbers were satisfactory,
but that at Mach numbers above 0.68, the airplane became
longitudinally unstable at moderate lift coefficients.

60. Williams, W. C.; and Crossfield, A. S.: Handling
Qualities of High-Speed Airplanes. NACA Conference on
High-Speed Airplane Aerodynamics, Langley Field, Virginia,
December 4-5, 1951, pp. 171-188, CASI ID: 19930087005.
PDF CASI
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This paper discusses the handling qualities and stability of the
X-1, D-558-1, D-558-11, X-4, F-86A, and XF-92 airplanes.
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X-4 Airplane, Three-View Drawing

61. Drake,H.M.;and Stillwell, W. H.: Landing Experience
With Transonic Research Airplanes. NACA Conference on
High-Speed Airplane Aerodynamics, Langley Field, Virginia,
December 4-5, 1951, pp. 269-280.

This paper discusses landing experiences with the D-558-1
and the X-4 airplanes.

62. *Soule, Hartley A.; and Beeler, De. E.: Review of
High-Speed Buffeting Problems. NACA Conference
on High-Speed Airplane Aerodynamics, Langley Field,
Virginia., December 4-5, 1951, pp. 327-340.

This paper discusses buffeting results from the X-1,
D-558-11, X-4, and XF-92A airplanes.

*NACA - Langley Aeronautical Laboratory.
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63. Williams, W. C.; and Crossfield, A. S.: Handling
Qualities of High-Speed Airplanes. NACA RM L52A08,
January 1952, CASI ID: 19930087005. PDF CASI

Because there have been such drastic changes in
the speed range and the configuration of airplanes in
the past decade it becomes necessary to re-examine the
requirements for satisfactory handling qualities as
proposed by Gilruth in 1940. This paper does not



attempt to describe completely the handling qualities of all
the research airplanes but does attempt to describe the
objectionable characteristics and those which indicate
review of the requirements. The research airplanes
discussed are the X-1, D-558-1, D-558-2, X-4, F-86A,
and the XF-92A.

E-1326

F-86 Sabre Airplane

64. Angle, Ellwyn E.; and Holleman, FEuclid
C.: Longitudinal Frequency-Response Characteristics
of the Douglas D-558-1 Airplane as Determined
From Experimental Transient-Response Histories
to a Mach Number of 0.90. NACA RM L51K28,
February 1952, CASI ID: 19930087977. PDF CASI

Transient responses from elevator pulses of the
Douglas D-558-1 research airplane are analyzed by the
Fourier transform to give the longitudinal frequency
response of the airplane to a Mach number of 0.90 at
altitudes between 30,000 and 37,000 feet.

65. Huss, Carl R.; Andrews, William H.; and
Hamer, Harold A.: Time-History Data of Maneuvers
Performed by a McDonnell F2H-2 Airplane
During Squadron Operational Training. NACA
RM L52B29, May 1952, CASI ID: 19930087081. PDF
CASI

Preliminary results of 276 maneuvers of all types
performed by an F2H-2 jet fighter airplane during
normal operational training are presented in time
history form and are summarized as plots of load
factors and angular accelerations against indicated
airspeed.

66. Rogers, John T.; and Dunn, Angel H.: Preliminary
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Results of Horizontal-Tail Load Measurements
of the Bell X-5 Research Airplane. NACA RM
L52G14, August 15, 1952, CASI ID: 19930087176. PDF
CASI

During the acceptance tests of the X-5 airplane made
by Bell Aircraft Corp., measurements of the horizontal
tail loads and static stability characteristics were obtained
by the NACA High-speed Flight Research Station. The
results of the horizontal-tail load measurements are presented
in this paper. At Mach numbers of 0.50, 0.56, and 0.85
the trends of the balancing tail-load variation with
increasing sweep angle from 20° to 59° were similar, with
the largest down tail load occurring at a sweep angle of
about 36° for each of these Mach numbers. The
largest tail load in a down direction over the entire
sweep range occurred at a Mach number of 0.85.

67. Holleman, Euclid C.: Longitudinal Frequency-
Response and Stability Characteristics of the
Douglas D-558-11 Airplane as Determined From

Transient Response to a Mach Number of 0.96.
NACA RM L52E02, September 1952, CASI ID:
19930087016. PDF CASI

By an application of the Fourier transformation to
transient-flight data the longitudinal frequency response of
the Douglas D-558-1 airplane has been determined over
a Mach number range of 0.62 to 0.96 at altitudes between
21,000 and 43,000 feet; however, the results have
been reduced to airplane stability derivatives which are
presented as functions of Mach number.

E-475

XF-91 Airplane

68. Sisk, Thomas R.: Flight Investigation of the
Aileron Effectiveness of the Republic XF-91 Airplane
Over a Mach Number Range From 0.40. NACA RM
L52E07A, September 1952, CASI ID: 19930087059.

A flight investigation has been conducted to determine



the aileron effectiveness of the Republic XF-91 airplane.
The tests were conducted over a Mach number range from
0.40 to 091 at approximate altitudes of 13,000,
24,000, and 32,000 feet.

69. Day, Richard E.; and Stillwell, Wendell H.: First
Landing of Bell X-2 Research Airplane. NACA RM
L52111, October 1, 1952, 93R16608. PDF CASI

The Bell X-2 supersonic research airplane is equipped with a
skid main landing gear and a nose wheel. Pending completion
of the rocket engine, glide flights are being performed to
determine low-speed handling qualities of the airplane and
the landing characteristics with the ski type landing gear. The
present paper presents data obtained during the approach and
landing of X-2 airplane on its first flight.

70. Jones, Ira P. Jr.. Measurements of Aerodynamic
Heating Obtained During Demonstration Flight Tests
of the Douglas D-558-11 Airplane. NACA RM L52126A,
November 1952, CASI ID: 19930087316.

Measurements of transient skin and canopy-glass temperature
and stagnation temperature were made on the Douglas
D-558-II research airplane up to a Mach number of 1.89 and to
an altitude of about 77,000 feet. The maximum temperatures
that were obtained for the positions measured were not great
enough to cause loss in structural strength.
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71. Knapp, Ronald J.; and Johnson, Wallace E.: Flight
Measurements of Pressures on Base and Rear Part of

E-842

NACA High Speed Flight Station Research Aircraft, circa 1952 (clockwise from front center), Northrop X-4, Douglas
D-558-1, Douglas D-558-I1, Convair XF-92A, Bell X-5, and Bell X-1-2



Fuselage of the Bell X-1 Research Airplane at Transonic
Speeds, Including Power Effects. NACA RM L52L01,
January 1953, CASI ID: 19930087429. PDF CASI

Flight measurements of the pressure distribution over the base
and rear portion of fuselage of the Bell X-1 rocket-propelled
airplane at transonic speeds, including power effects, are
presented.

72. Childs, Joan M.: Flight Measurements of the Stability
Characteristics of the Bell X-5 Research Airplane in
Sideslips at 59-Degree Sweepback. NACA RM L52K13B,
February 1953, CASI ID: 19930087404.

Flight measurements of the stability characteristics of the
Bell X-5 research airplane were made in steady sideslips at
59 degree sweepback at Mach numbers from 0.62 to 0.97 at
altitudes varying from 35,000 to 40,000 feet.

73. Finch, Thomas W.; and Briggs, Donald W.: Preliminary
Results of Stability and Control Investigation of the Bell
X-5 Research Airplane. NACA RM L52K18B, February
1953, CASI ID: 19930087476.

Results obtained during the acceptance tests of the X-5 airplane
are presented. Information on the stalling characteristics,
static longitudinal stability characteristics, and lateral control
characteristics at various sweep angles is included.

E-810

X-5 Airplane

74. Finch, Thomas W.; and Walker, Joseph A.: Flight
Determination of the Static Longitudinal Stability
Boundaries of the Bell X-5 Research Airplane With
59-Degree Sweepback. NACA RM L53A09B, February
1953, CASI ID: 19930087479.

Results obtained during flights of the Bell X-5 airplane with
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59 degree sweepback are presented showing the variation
with Mach number of the normal-force coefficient at the
longitudinal reduction in stability. Results are given for a
Mach number range of 0.67 to 0.98.

75. Bellman, Donald R.: Lift and Drag Characteristics of
the Bell X-5 Research Airplane at 59-Degree Sweepback
for Mach Numbers From 0.60 to 1.03. NACA RM
L53A09C, February 1953, CASI ID: 19930087480.

Lift and drag coefficients for the 59-degree sweptback
configuration of the Bell X-5 airplane were determined from
flight tests covering the Mach number range 0.60 to 1.03.
A brief comparison is made between the 20-degree and
59-degree sweptback configuration.

76. Ankenbruck, Herman O.; and Dahlen, Theodore E.:
Some Measurements of Flying Qualities of a Douglas
D-558-11 Research Airplane During Flights to Supersonic
Speeds. NACA RM L53A06, March 1953, 87H24908.
PDF CASI

Results of measurements of lateral and longitudinal flying
qualities of the Douglas D-558-II research airplane in flight
to a Mach number of 1.87 and an altitude of 67,000 feet are
presented.

E-953

XF-92A Airplane

77. Sisk, Thomas R.; and Mooney, John M.: Preliminary
Measurements of Static Longitudinal Stability and Trim
for the XF-92A Delta-Wing Research Airplane in Subsonic
and Transonic Flight. NACA RM L53B06, March 1953,
CASI ID: 19930087506.



Preliminary longitudinal-trim and static longitudinal stability
measurements were made on the XF-92A delta-wing research
airplane from Mach number of 0.18 to 0.97 at altitudes from
11,000 to 40,000 feet.

78. Fischel, Jack; and Nugent, Jack: Flight Determination
of the Longitudinal Stability in Accelerated Maneuvers
at Transonic Speeds for the Douglas D-558-11 Research
Airplane Including the Effects of an Outboard Wing
Fence. NACA RM L53A16, March 1953, CASI ID:
19930087532. PDF CASI

Theresults of transonic flight measurements of the longitudinal
stability characteristics of the Douglas D-558-II research the
wings are presented. The levels of normal-force coefficient
at which the stability decreases and pitch-up starts have been
determined for both airplane configurations at Mach numbers
up to about 0.94.
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D-558-II Airplane, Three-View Drawing

79. Dahlen, Theodore E.: Maximum Altitude
and Maximum Mach Number Obtained With the
Modified Douglas D-558-I1 Research Airplane During
Demonstration Flights. NACA RM L53B24, April 1953,
CASI ID: 19930089125. PDF CASI

The maximum values of Mach number and altitude obtained
with the Douglas D-558-11 all-rocket research airplane
and determined by the radar-phototheodolite method are
presented in this paper.

80. Baker, Thomas F.: Some Measurements of the Buffet
Region of a Swept-Wing Research Airplane During Flights
to Supersonic Mach Numbers. NACA RM L53D06, May
1953, CASI ID: 19930087799. PDF CASI

Limited measurements have been made of the region in which
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buffeting has been experienced by the swept-wing Douglas
D-558-11 research airplane during flights to supersonic Mach
numbers. Buffet intensities and frequencies are given.

81. Johnson, H.I.: The Background of Flying or Handling
Qualities. Presented to the Flight Test Panel of AGARD,
May 1953, 65N88424, CASI ID: 19650076021. PDF CASI

The history of the development of flying qualities is covered
briefly. Reasons are given for the existence of the requirements
and relationship of the requirements to the classical stability
theory is indicated. A selected list of references that are
useful in the prediction of flying qualities is given and some
of the difficulties that arise in obtaining compliance with the
requirements are discussed.

82. Holleman, Euclid C.; Evans, John H.; and Triplett,
William C.: Preliminary Flight Measurements of the
Dynamic Longitudinal Stability Characteristics of
the Convair XF-92A Delta-Wing Airplane. NACA RM
L53E14, June 1953, CASI ID: 19930087545. PDF CASI

Longitudinal airplane oscillations obtained during U.S. Air
Force performance tests of the Convair XF-92A airplane have
been analyzed to give limited static stability and damping
measurements for a Mach number range of 0.59 to 0.94.

83. Knapp, Ronald J.; and Jordan, Gareth H.: Flight-
Determined Pressure Distributions Over the Wing of the
Bell X-1 Research Airplane (10-Percent-Thick Wing) at
Subsonic and Transonic Speeds. NACA RM L53D20, June
1953, CASI ID: 19930087577. PDF CASI

Aerodynamicsectioncharacteristics for various spanlocations,
as determined by pressure distribution measurements in
flight to high lift at Mach numbers between 0.30 and 1.19,
are presented for the 10-percent-thick wing of the Bell X-1
research airplane.

84. Drake, Hubert M.; and McKay, John B.: Aileron
and Elevator Hinge Moments of the Bell X-1 Airplane
Measured in Transonic Flight. NACA RM L53E04, June
1953, CASI ID: 19930087560.

Hinge moments have been measured on the aileron and
elevator of the Bell X-1 airplane having the 10-percent-thick
wing and 8-percent-thick tail. The aileron measurements were
made by means of strain gages and pressure distributions
while the elevator measurements were made by means of
the wheel-force strain gases. The elevator hinge-moment
characteristics were determined to a Mach number of 1.18
and the aileron hinge moments to a Mach number of 1.13.

85. Drake, Hubert M.; Robinson, Glenn H.; and Kuhl,
Albert E.: Loads Experienced in Flights of Two Swept-



Wing Research Airplanes in the Angle-of-Attack Range
or Reduced Stability. NACA RM L53D16, June 1953,
CASI ID: 19930087569. PDF CASI

Loads imposed upon the Bell X-5 and Douglas D-558-11
swept-wing research airplanes during flights in which
reductions of longitudinal stability followed attempted
moderate-lift maneuvers are discussed. Information regarding
horizontal- and vertical-tail loads, wing loads, and normal-
force coefficients obtained during the high-angle-of-attack,
unstable portions of the flights are presented.
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X-2 Airplane

86. Day, Richard E.: Measurements Obtained During the
Glide-Flight Program of the Bell X-2 Research Airplane.
NACA RM L53G03a, July 30, 1953, 93R17091.

Results obtained during the glide-flight program of the Bell
X-2 research airplane are presented. Landing characteristics
and limited data evaluating static longitudinal stability at low
speeds are included.

87. Martin,JamesA.: Longitudinal Flight Characteristics
of the Bell X-5 Research Airplane at 59-Degree Sweepback
With Modified Wing Roots. NACA RM L53E28, August
10, 1953, 93R16939. PDF CASI

In an attempt to improve the longitudinal stability
characteristics of the Bell X-5 research airplane at 59-degrees
sweepback the wing-root leading edge was modified, the
original 52.5-degrees sweptback leading-edge fillets being
replaced by rounded leading-edge fillets. The two fillet
configurations are compared in this paper on the basis of
results obtained from maneuvers into the region of reduced
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stability at pressure altitudes from 28,000 to 40,000 feet and
in the Mach number range from that for stall approach in the
clean condition to a Mach number of 0.97.

88. Baker, Thomas F.: Results of Measurements of
Maximum Lift and Buffeting Intensities Obtained
During Flight Investigation of the Northrop X-4 Research
Airplane. NACA RM L53G06, August 1953, CASI ID:
19930087804. PDF CASI

The variation of the intensity of buffeting experienced
throughout the operational region of the semitailless Northrop
X-4 airplane and the values of maximum and peak normal-
force coefficients in the Mach number range from 0.42 t0 0.92
have been determined. The results are compared with data
obtained with the swept-wing Douglas D-558-II airplane.

89. Peele, James R.: Transonic Flight Measurements
of the Aerodynamic Load on the Extended Slat of the
Douglas D-558-11 Research Airplane. NACA RM L53F29,
August 1953, CASI ID: 19930087819. PDF CASI

The results of transonic flight measurements of the
aerodynamic load encountered over a partial-span leading-
edge slat on the 35-degrees sweptback wing of the Douglas
D-558-1II research airplane are presented for the lift range at
Mach numbers from 0.45 to 0.98.

90. Saltzman, Edwin J.: Flight Measurements of Lift
and Drag for the Bell X-1 Research Airplane Having a
10-Percent-Thick Wing. NACA RM L53F08, September
1953, CASI ID: 19930087731. PDF CASI

Lift and drag results have been obtained from power-off
flight tests of the Bell X-1 (10-percent-thick wing) airplane
for Mach numbers 0.68 to 1.01. Comparisons of drag are
made with 8-percent-thick-wing flight tests and 10-percent-
thick wing wind tunnel results.

91. Rogers, John T.: Horizontal-Tail Load Measurements
at Transonic Speeds of the Bell X-1 Research Airplane.
NACA RM L53F30, September 1953, CASI ID:
19930087824. PDF CASI

Flight measurements of aerodynamic tail loads have been
made on the Bell X-1 research airplane from which the
balancing tail loads, the static-longitudinal stability parameter
(dC sub M/dC sub L) WF, wing-fuselage aerodynamic center,
and zero-lift wing-fuselage combination pitching moment
coefficient have been determined from a Mach number of 0.7
to a Mach number greater than 1.0. A comparison was made
of measured tail loads and loads calculated using available
wing-tunnel data.

92. Baker, Thomas F.: Some Measurements of Buffeting



Encountered by a Douglas D-558-I1 Research Airplane
in the Mach Number Range From 0.5 to 0.95. NACA
RM L53117, November 1953, CASI ID: 19930087898.
PDF CASI

Measurements of the intensity of buffeting were made
with a swept-wing Douglas D-558-II research airplane at
subsonic speeds. The variation of buffet intensity with lift,
angle of attack, and Mach number is presented. The results
are compared with similar measurements made with another
Douglas D-558-II airplane at high subsonic and supersonic
speeds.

93. Knapp, Ronald J.; and Jordan, Gareth H.: Wing
Loads on the Bell X-1 Research Airplane (10-Percent-
Thick Wing) as Determined by Pressure-Distribution
Measurements in Flight at Subsonic and Transonic
Speeds. NACA RM L53G14, November 1953, CASI ID:
19930087661. PDF CASI

The wing loads (including some wing-to-fuselage load carry
over) and some aerodynamic characteristics as determined
by pressure-distribution measurements in flight to high lift
at Mach numbers from 0.50 to 1.19 for the 10-percent-thick
wing of the Bell X-1 research airplane are presented.

94. Knapp, Ronald J.; Jordan, Gareth H.; and Johnson,
Wallace E.: Fuselage Pressures Measured on the Bell X-1
Research Airplane in Transonic Flight. NACA RM L53115,
November 1953, CASI ID: 19930089110. PDF CASI

Fuselage pressure distributions and integrated normal load on
the fuselage of the Bell X-1 research airplane (10-percent-
thick wing) in flight during pull-ups to near maximum lift
at Mach numbers of about 0.78, 0.85, 0.88, and 1.02 are
presented.

1954 Technical Publications

95. Bellman, Donald R.; and Sisk, Thomas R.: Preliminary
Drag Measurements of the Consolidated Vultee XF-92A
Delta-Wing Airplane in Flight Tests to a Mach Number
of 1.01. NACA RM L53J23, January 1954, CASI ID:
19930087949. PDF CASI

Lift and drag data for the Consolidated Vultee XF-92A delta-
wing airplane were obtained for Mach numbers from 0.63 to
0.90. The drag coefficients for a lift coefficient of 0.08 are
extended to a Mach number of 1.01.

96. Baker, Thomas F.: Measured Data Pertaining to
Buffeting at Supersonic Speeds of the Douglas D-558-11
Research Airplane. NACA RM L53L10, February 1954,
CASI ID: 19930088116. PDF CASI
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Data pertaining to buffeting have been measured at supersonic
speed and high lift with the Douglas D-558-II airplane.
Buffeting was encountered at normal-force coefficients greater
than about 0.7 in the Mach number range from 0.96 to 1.27
but at a Mach number of 1.57, a peak normal-force coefficient
of 0.80 was attained with no indication of buffeting. Buffet
intensities at normal-force coefficients up to 1.5 are given for
low supersonic Mach numbers. Sample records of flight in
rough air at supersonic speed are included.

97. Ankenbruck, Herman O.: Determination of
Longitudinal Stability in Supersonic Accelerated
Maneuvers for the Douglas D-558-I1 Research Airplane.
NACA RM L53J20, February 1954, CASI ID: 19930087952.
PDF CASI

Flight tests were performed with the Douglas D-558-11
research airplane to investigate the longitudinal stability of
the airplane in accelerated flight at supersonic speeds to a
Mach number of 1.67. This paper shows the conditions where
instability occurs at supersonic speeds.

98. Fischel, Jack: Effect of Wing Slats and Inboard Wing
Fences on the Longitudinal Stability Characteristics of
the Douglas D-558-11 Research Airplane in Accelerated
Maneuvers at Subsonic and Transonic Speeds. NACA
RM L53L16, February 1954, CASI ID: 19930088041.
PDF CASI

The results of subsonic and transonic flight measurements
of the longitudinal stability characteristics of the Douglas
D-558-II research airplane for several wing-slat and inboard
wing-fence configurations are presented at Mach numbers
up to 1.0. The improvement provided by fully extended
slats, compared to the stability characteristics of the slats-
retracted configuration, is shown; and the effects of inboard
wing fences on the stability characteristics with slats fully
extended are also discussed. Limited data obtained with slats
half extended indicated the similarity of this configuration
to the slats-retracted configuration. The effects of a bungee
(which improved the stick-free stability characteristics) in
alleviating the stability changes apparent to the pilot are also
discussed.

99. Peele, James R.: Flight-Determined Pressure
Measurements Over the Wing of the Douglas D-558-11
Research Airplane at Mach Numbers Up to 1.14. NACA
RM L54A07, March 12. 1954, 93R17395. PDF CASI

A flight investigation of the section and panel characteristics
and loads obtained from pressure measurements over a
35-degrees sweptback wing at level-flight lifts has been made
through the Mach number range of 0.65 to 1.14. The section
pressure distributions at the root, midspan, and tip stations
varied from a subsonic type of distribution at a Mach number



of 0.65 to a supersonic type of distribution at Mach numbers
above 1.0.

100. Crossfield, A. Scott: Subjective Experiences and
Reactions During Flight Testing in the Transonic
Region. 4th General Assembly of AGARD, Schevenigen,
The Netherlands, May 3-7, 1954. (see excerpts in
Aerospace Engineering Review, Vol. 13, No. 9, Sept. 1954,
pp- 49 and 87.)

101. Briggs, Donald W.: Flight Determination of the
Buffeting Characteristics of the Bell X-5 Research
Airplane at 58.7-Degrees Sweepback. NACA RM L54C17,
May 24, 1954, 93R17481. PDF CASI

Flightmeasurements were made of the buffeting characteristics
of the Bell X-5 research airplane at 58.7-degrees sweepback
in the Mach number range from 0.65 to approximately 1.03
at altitudes from 37,000 to 43,000 feet. Maximum airplane
normal-force coefficients were attained for Mach numbers up
to 0.96.

102. Finch, Thomas W.: A Flight Investigation of the
Effects of Inclination of the Principal Axis of Inertia
on the Dynamic Lateral Stability of the Republic
XF-91 Airplane. NACA RM L53128, July 1954, CASI ID:
19930087944. PDF CASI

A flight investigation has been conducted to determine the
effect of variable wing incidence angle on the dynamic lateral
stability of the Republic XF-91 airplane. The tests were
conducted over a Mach number range of 0.3 to 0.9 at altitudes
of 10,000, 20,000, 30,000 and 37,500 feet at wing incidence
angles of —2 degrees, 2 degrees, 4 degrees, and 5.65 degrees.

103. Sadoff, Melvin; and Crossfield, A. Scott: A Flight
Evaluation of the Stability and Control of the X-4 Swept-
Wing Semitailless Airplane. NACA RM H54G16, August
1954, CASI ID: 19930088365. PDF CASI

A flight evaluation of the handling qualities of the swept-
wing semitailless X-4 airplane was made. Static and dynamic
stability and control investigation covered a speed range
from stall to Mach numbers of 0.92. Typical swept-wing
instability at moderate lifts was encountered. Unsatisfactory
and dangerous self-excited dynamic motions occurred at the
high-speed end of the range investigated.

104. Nugent, Jack: Lift and Drag Characteristics of
the Douglas D-558-I1 Research Airplane Obtained in
Exploratory Flights to a Mach Number of 2.0. NACA RM
L54F03, August 4, 1954, 93R17490. PDF CASI

A flight investigation was made of the Douglas D-558-11
swept-wing airplane in the slats-retracted configuration. Lift
and drag were determined for Mach numbers up to 2.0. The
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lift-coefficient range extended from below 0.1 to about 0.7.

105. Keener, Earl R.: Wing Pressure Distribution at Low
Lift for the XF-92A Delta-Wing Airplane at Transonic
Speeds. NACA RM HS54HO06, October 1954, CASI ID:
19930088346. PDF CASI

Wing pressure distribution from dives at transonic speeds for
the Convair XF-92A delta-wing airplane are presented. The
data were obtained from five chordwise rows of orifices on
the left wing throughout the Mach number range of 0.74 to
1.01 at an airplane normal-force coefficient of about 0.09, for
which the left deflection was about 2 degrees up.

106. Fischel, Jack; and Brunn, Cyril D.: Longitudinal
Stability Characteristics in Accelerated Maneuvers at
Subsonic and Transonic Speeds of the Douglas D-558-11
Research Airplane Equipped With a Leading-Edge Wing
Chord-Extension. NACA RM HS54H16, October 1954,
CASI ID: 19930088333. PDF CASI

On the basis of improved longitudinal stability characteristics
exhibited in wind-tunnel model tests, the Douglas D-558-1I
research airplane was modified to include wing at Mach
numbers up to about 1.0. The results of subsonic and
transonic flight measurements of the longitudinal stability
characteristics of the airplane are presented. The levels of
normal-force coefficient at which the stick-fixed stability
decays and pitch-up starts have been determined through speed
range tested as have the variation of the stability parameters d
delta (sub) e/dC (sub) N (sub) A, dF (sub) e/dn, and dC (sub)
N (sub) A/d sigma with Mach number. Comparisons of these
data with comparable data for the unmodified airplane are
also presented.

107. Crossfield, A. Scott: Flying Techniques With the
Research Airplanes. Preprint 497, Inst. Aero. Sci., 1954,
CAI-IAS International Meeting, Montreal, Canada, October
14-15, 1954 (see also in Aerospace Engineering Review, Vol.
14, No. 1, Jan. 1955, pp. 56-59).

108. Ankenbruck, Herman O.: Determination of
Longitudinal Handling Qualities of the D-558-II Research
Airplane at Transonic and Supersonic Speeds to a Mach
Number of About 2.0. NACA RM H54G29A, November
1954, CASI ID: 19930088510.

Flight tests were performed with the Douglas D-558-II
research airplane to investigate the longitudinal handling
qualities and trim characteristics at transonic and supersonic
speeds. This paper describes the changes with Mach number
of the lift, maneuvering, and trim characteristics with elevator
and stabilizer to a Mach number of about 2.0.

109. Bellman, Donald R.; and Murphy, Edward D.: Lift
and Drag Characteristics of the Douglas X-3 Research



Airplane Obtained During Demonstration Flight to
a Mach Number of 1.20. NACA RM H54I17, December
1954, CASI ID: 19930088507. PDF CASI

Lift and drag data for the Douglas X-3 airplane were
obtained during some of the demonstration flights. The data
extend over the Mach number range from 0.82 to 1.20 and
for certain constant Mach numbers the lift coefficient range
from 0 to 1.0 is covered. A comparison of the flight data with
wind-tunnel and rocket-model tests shows that the model
tests satisfactorily predict the performance of the airplane.

E-55-01994

X-3 Airplane

110. Ankenbruck, @ Herman O.; and  Wolowicz,
Chester H.: Lateral Motions Encountered With the
Douglas D-558-I1 All-Rocket Research Airplane
During Exploratory Flights to a Mach Number of
2.0. NACA RM H54127, December 1954, CASI ID:
19930088491. PDF CASI

Flight tests were performed with the Douglas
D-558-I1 research airplane to investigate the lateral
motions obtained during exploratory flights at supersonic
speeds. This paper describes the effects of Mach number
and angle of attack on the lateral handling qualities
during oscillations at supersonic speeds. Some
calculations of period and damping are included. Also
shown are the results of some measurements of the
variation of rudder hinge moments with sideslip and
the effects of power on the variation.

1955 Technical Publications

111. McKay, John B.: Rolling Performance of the
Republic YF-84F Airplane as Measured in Flight. NACA
RM H54G20A, January 1955, CASI ID: 19930088369.
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Flight measurements of the rolling performance of the
Republic YF-84F airplane were made at altitudes of 10,000,
25,000, and 40,000 feet. The tests were conducted over a
Mach number range from 0.35 to 0.95.

(Photo courtesy of Langley Research Center) L-84926
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112. Johnson, Clinton T.; and Kuhl, Albert E.: Flight
Measurements of Elevon Hinge Moments on the XF-92A
Delta-Wing Airplane. NACA RM H54J25A, January 1955,
CASIID: 19930088521.

Elevon hinge-moment measurements were made during flight
tests of the Convair XF-92A delta-wing airplane over the
Mach number range from 0.70 to 0.95. Hinge moments were
measured during longitudinal elevon pulses, aileron rolls,
and wind-up turns. Data are presented giving the variation of
C (sub) h (sub) delta and C (sub) h (sub) alpha as determined
from these tests.

113. Holleman, Euclid C.; and Triplett, William C.: Flight
Measurements of the Dynamic Longitudinal Stability
and Frequency-Response Characteristics of the XF-92A
Delta-Wing Airplane. NACA RM H54J26A, January 1955,
CASI ID: 19930088520. PDF CASI

Results of dynamic longitudinal flight test conducted
with the XF-92A delta-wing airplane over a Mach number
range of 0.42 to 0.94 at an altitude of about 30,000 feet
are presented. The data were analyzed by measuring the
airplane oscillatory characteristics, by matching the airplane
system with an analog computer, and by determining the
frequency-response characteristics of the airplane. Wherever
possible, stability derivatives were computed and are
presented as a function of Mach number.

114. Saltzman, Edwin J.: The Effect of the Blunt-
Trailing-Edge Elevons on the Longitudinal and Lateral
Handling Qualities of the X-4 Semitailless Airplane.



NACA RM H54KO03, January 1955, CASI ID: 19930088514.
PDF CASI

The effects of thickening the trailing edges of the elevons on
the static longitudinal stability and control, lateral control for
the X-4, a swept-wing semitailless airplane, are presented.
The results of this study are compared with similar tests for
the X-4 with conventional elevon trailing edges.
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115. Sisk, Thomas R.; and Muhleman, Duane O.:

Longitudinal Stability Characteristics in Maneuvering
Flight of the Convair XF-92A Delta-Wing Airplane
Including the Effects of Wing Fences. NACA RM H54J27,
January 1955, CASI ID: 19930088516. PDF CASI

The longitudinal maneuvering stability characteristics are
evaluated on the Convair F-92A delta-wing airplane in wind-
up turns over the Mach number range from 0.70 to 0.95 at
altitudes between 22,000 and 39,000 feet. A longitudinal
stability reduction evidenced as a pitch-up encountered over
the Mach number range tested is evaluated along with the
airplane behavior in the region of reduced stability. Two wing
fence configurations are evaluated and compared with the
basic airplane configuration characteristics.

116. Stillwell, Wendell H.: Results of Measurements Made
During the Approach and Landing of Seven High-Speed
Research Airplanes. NACA RM H54K?24, February 1955,
CASI ID: 19930088524. PDF DTRS

Measurements made during the approach and landing of the
X-1,X-3, X-4, X-5, D-558-1, D-558-11, and XF-92A research
airplanes are presented. Data are also presented for the effect
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of lift drag ratio on the landing characteristics of the X-4
airplane.

117. Anon.: Flight Experience With Two High-Speed
Airplanes Having Violent Lateral-Longitudinal Coupling
in Aileron Rolls. NACA RM H55A13, February 4, 1955,
93R17938. PDF DTRS

During flight tests of two high-speed airplane configurations,
violent cross-coupled lateral and longitudinal motions were
encountered following abrupt rudder-fixed aileron rolls. The
speeds involved ranged from a Mach number of 0.7 to 1.05.
The motions were characterized by extreme variations in
angles of attack and sideslip which resulted in load factors as
large as 6.7 g (negative) and 7 g (positive) normal acceleration
and 2 g transverse acceleration.

118. Robinson, Glenn H.; Cothren, George E.; and Pembo,
Chris: Wing-Load Measurements at Supersonic Speeds
of the Douglas D-558-11 Research Airplane. NACA RM
H541.27, March 1955, CAST ID: 19930088812. PDF CASI

Flight measurement of the aerodynamic wing loads on the
D-558-11 airplane have been made in the Mach number
range from 1.0 to 2.0. Results of measurements of the wing-
panel normal-force, bending moment, and pitching-moment
coefficients, normal-force-curve slope, lateral center of
pressure, and chordwise center of pressure are presented.
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119. Jordan, Gareth H.; and Keener, Earl R.: Flight-
Determined Pressure Distributions Over a Section of the
35-Degree Swept Wing of the Douglas D-558-11 Research
Airplane at Mach Numbers Up to 2.0. NACARM H55A03,
March 1955, CASI ID: 19930088562. PDF DTRS

Presented are pressure distributions and section characteristics



for a wing-midsemispan station perpendicular to the 30-degree
common-chord line of the 35-degree sweptback wing of the
Douglas D-558-II research airplane at Mach numbers from
1.17 to 2.00.

120. *Gates, O.B., Jr.; Weil, J.; and *Woodling, C. H.: Effect
of Automatic Stabilization on the Sideslip and Angle of
Attack Disturbances in Rolling Maneuvers. In NACA
Conf. on Autom. Stability and Control of Aircraft, March 30
1955, pp. 2541, (see N72-73193 12-99), 72N73195, CASI
ID: 19720065323.

Time histories are presented that illustrate the large motions
which have been encountered in flight tests of some of the
present-day fighter airplanes. Results of some analog studies
are discussed which indicate that variations in certain of the
airplane stability derivatives could have an appreciable effect
on these undesirable motions.

*Langley Aeronautical Laboratory, Hampton, Virginia.

121. Cole, H. A., Jr.; Brown, S. C.; and Holleman, E. C.:
Effects of Flexibility on the Longitudinal and Lateral
Dynamic Response of a Large Airplane. NACA RM
A55D14, NACA Conf. on Autom. Stability and Control of
Aircraft, March 1955, pp. 57-70, (see N72-73193 12-99),
72N73197, CASI ID: 19720065325.

In recent years the desire to increase the range and speed of
large airplanes has led to sweptback wings of high aspect
ratio, thin airfoils, and fuselages of high fineness ratio. The
dynamic effects are especially important in the design of
automatic control systems because structural modes may
introduce instabilities which would not arise with a rigid
airplane. It is important for the automatic-control designer to
consider the effects of flexibility on control systems.
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122. Jordan, Gareth H.; and Hutchins, C. Kenneth:
Preliminary Flight-Determined Pressure Distribution
Over the Wing of the Douglas X-3 Research Airplane
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at Subsonic and Transonic Mach Numbers. NACA RM
H55A10, April 1955, CASI ID: 19930088623. PDF DTRS

Preliminary flight-measured chordwise pressure distributions
have been obtained at a wing midsemispan station of the
Douglas X-3 research airplane through an angle-of-attack
range at Mach numbers of 0.61, 0.78, 0.94, and 1.10. The
results of the investigation indicate that the maximum section
normal-force coefficient increased from about 0.7 at the lower
Mach numbers to about 1.2 at a Mach number of 1.10. The
pressure distributions at Mach numbers of about 0.61, 0.78,
and 0.94 showed good agreement with wind-tunnel results.
At Mach numbers of 0.94 and 1.10 leading-edge flap normal-
force and hinge-mount coefficients increased with increase
in angle of attack throughout the angle-of-attack range
tested and resulted in high normal-force and hinge-moment
coefficients at the higher angles of attack.

123. Banner, Richard D.; Reed, Robert D.; and Marcy,
William L.: Wing-Load Measurements of the Bell
X-5 Research Airplane at a Sweep Angle of 58.7 Degrees.
NACA RM H55A11, April 1955, CASI ID: 19930088628.
PDF DTRS

A flight investigation has been made over an altitude and lift
range to determine the wing loads of the Bell X-5 research
airplane at a sweep angle of 58.7 degrees at subsonic and
transonic Mach numbers. The wing loads were nonlinear
over the angle-of-attack range from zero to maximum wing
lift. The nonlinear trends were more pronounced at angles of
attack above the “pitch-up” where there is a reduction in the
wing lift and an inboard and forward movement in the center
of load. No apparent effects of altitude on the wing loads
were evident from the data obtained in these tests.

124. Baker, Thomas F.; and Johnson, Wallace E.: Flight
Measurements at Transonic Speeds of the Buffeting
Characteristics of the XF-92A Delta-Wing Research
Airplane. NACA RM HS54L03, April 1955, CASI ID:
19930088625. PDF CASI

Measurements were made on the XF-92A delta-wing airplane
of buffet-induced fluctuations in normal acceleration at the
airplane center of gravity and of fluctuations in wing structural
shearloadinthe Machnumberrange from0.6t00.96 ataltitudes
from 25,000 to 38,000 feet. Airplane normal force coefficients
in the order of 0.7 were attained at Mach numbers less
than 0.9. Buffet frequencies and the variations with Mach
number, lift, and angle of attack of buffet intensity are given.

125. Sisk, Thomas R.; and Muhleman, Duane O.: Lateral
Stability and Control Characteristics of the Convair
XF-92A Delta-Wing Airplane as Measured in Flight.
NACA RM H55A17, May 1955, CASI ID: 19930088671.
PDF DTRS



The lateral stability and control characteristics of the
Convair XF-92A delta-wing airplane are determined for
sideslips, aileron rolls, and rudder pulses. A limited amount
of data with wing fences installed at 60 percent of the wing
semispan is presented for comparison with the basic airplane
configuration.

126. Finch, Thomas W.: Flight Determination of the
Longitudinal Stability and Control Characteristics of the
Bell X-5 Research Airplane at 58.7 Degrees Sweepback.
NACA RM H55C07, May 1955, CASI ID: 19930088810.
PDF DTRS

Flight tests were performed with the Bell X-5 research
airplane at 58.7 degrees sweepback to measure the
longitudinal stability control characteristics from elevator and
stabilizer maneuvers at 40,000 feet and elevator maneuvers at
25,000 feet and 15,000 feet. Results are presented for Mach
numbers up to 1.0 and include trim characteristics, apparent
stability parameters, relative control effectiveness, stick-force
gradient, normal-force-curve slope, and effect of dynamic
pressure and engine power. Comparison is made with wind-
tunnel data.

127. Kuhl, Albert E.; and Johnson, Clinton T.: Flight
Measurements of Wing Loads on the Convair XF-92A
Delta-Wing Airplane. NACA RM H55D12, May 1955,
CASI ID: 19930088645. PDF DTRS

Aerodynamic loads were obtained from strain-gage
measurements during the NACA flight test program of the
XF-92A research airplane. Wing-panel loads were measured
during longitudinal pulses and wind-up turns over the Mach
number range from 0.43 to 0.95. The wing-panel loads due to
elevon deflection and angle of attack were determined for the
Mach number range of these tests.

128. Cooney, T. V.; Andrews, William H.; and McGowan,
WilliamA.: Preliminary Results From Flight Measurements
in Gradual-Turn Maneuvers of the Wing Loads and the
Distribution of Load Among the Components of a Boeing
B-47A Airplane. NACA RM L55B02, June 27, 1955,
93R17884. PDF CASI

Results are presented of a preliminary analysis of some
strain-gage measurements of the loads carried by the wing
and horizontal tail of a Boeing B-47A airplane during
gradual-turn  maneuvers for altitudes varying from
15,000 feet to 35,000 feet and covering a Mach number
range from 0.44 to 0.80. The additional air-load center of
pressure on the 35° sweptback, high-aspect-ratio, flexible
wing of the test airplane exhibited no significant tendency
to change appreciably in a spanwise direction because of
Mach number throughout the test range. The center of
pressure, however, moved forward with increasing Mach
number. The distribution of load among the components
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of the Boeing B-47A airplane followed the pattern which
was typical of that found to exist on several airplanes
tested previously; that 1is, the various components
carried approximately a constant proportion of the total
airplane additional lift throughout the Mach number
range covered and the fraction of the wing-fuselage
normal-force coefficient carried by the exposed wing
was approximately the same magnitude as the ratio of the
area of the exposed wing to the area of the total wing.

129. Day, Richard E.; and Fischel, Jack: Stability and
Control Characteristics Obtained During Demonstration
of the Douglas X-3 Research Airplane. NACA RM
H55E16, July 1955, CASI ID: 19930088730. PDF DTRS

Results obtained from flights of the manufacturer’s
demonstration program and from U.S. Air Force evaluation
flights of the Douglas X-3 research airplane are presented.
Data evaluation includes static longitudinal directional,
and lateral stability and control for Mach numbers up to
1.21 at pressure altitudes from 12,800 feet to 34,000 feet.
Comparisons are made with wind-tunnel and rocket-model
tests.

130. Weil, Joseph; Gates, Ordway B.; Banner, Richard D.;
and Kuhl, Albert E.: Flight Experience of Inertia Coupling
in Rolling Maneuvers. NACA RM HS55E17B, July 1955,
CASI ID: 19930088741. PDF DTRS

A brief discussion is presented of the flight tests of two
airplanes which have exhibited strong coupling between
their lateral and longitudinal motions. Results are
presented which indicate the effect of directional stability
and vertical tail size on the tail shear loads encountered in
rolling maneuvers.

131. Reed, Robert D.: Flight Measurements of
Horizontal-Tail Loads on the Bell X-5 Research Airplane
at a Sweep Angle of 58.7 Degrees. NACA RM H55E20A,
July 1955, CASI ID: 19930088802. PDF DTRS

Flight measurements of the horizontal tail loads on the Bell
X-5 research airplane have been made in accelerated
maneuvers at Mach numbers from 0.61 to 1.00 at an
altitude of 40,000 feet. At this altitude the aerodynamic and
balancing tail loads were determined at all normal-
force coefficients up to near maximum lift. Comparisons
were made with flight and wind-tunnel data obtained

at 25,000 feet and 15,000 feet over a limited
lift range.
132. Fischel, Jack; and Reisert, Donald: Effect of

Several Wing Modifications on the Low Speed Stalling
Characteristics of the Douglas D-558-I Research



Airplane. NACA RM HS55E31A, July 1955, CASI ID:
19930088809. PDF DTRS

The low-speed stalling and lift characteristics of the
Douglas-D-558-11 research airplane were measured in a
series of 1g stalls performed with several wing modifications
designed to alleviate swept-wing instability and pitch-up.
The various configurations investigated include the basic
wing configurations and two wing-fence configurations in
combination with retracted free-floating, or extended slats,
and a wing leading-edge chord extension configuration. All
configurations were investigated with flaps and landing gear
retracted and extended.

133. Holleman, Euclid C.: Flight Measurements of the
Lateral Response Characteristics of the Convair XF-92A
Delta-Wing Airplane. NACA RM H55E26, August 1955,
CASI ID: 19930088805. PDF DTRS

Rudder pulse maneuvers were performed with the XF-92A
60 degrees delta-wing airplane at 30,000 feet over a Mach
number range of 0.52 to 0.92. Tests were conducted with and
without a wing fence. Representative data were analyzed to
give airplane stability derivatives and frequency responses.

E55-01799
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134. Drake, Hubert M.; and Stillwell, Wendell H.:
Behavior of the Bell X-1A Research Airplane During
Exploratory Flights at Mach Numbers Near 2.0 and at
Extreme Altitudes. NACA RM H55G25, September 1955,
93R18135. PDF DTRS

A flight program has been conducted by the U. S. Air
Force consisting of exploratory flights to determine
the Mach number and altitude capabilities of the Bell
X-1A research airplane. On two flights of the X-1A airplane,
one reaching a Mach number of about 2.44, the other a
geometric altitude of about 90,000 feet, lateral stability
difficulties were encountered which resulted in uncontrolled
rolling motions of the airplane at Mach numbers near 2.0.
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Analysis indicates that this behavior apparently results from
a combination of low directional stability and damping in
roll and may be aggravated by high control friction and
rocket motor misalignment. The deterioration of directional
stability with increasing Mach number can lead to
severe longitudinal-lateral coupling at low roll rates. The
misalignment of the rocket motor could induce sufficiently
high roll velocities to excite these coupled motions.
Adequate control of these motions was virtually impossible
because of the high control friction. In the absence of
rolling, poor lateral behavior might be expected at
somewhat higher Mach numbers because wind-tunnel data
indicate neutral directional stability at about M = 2.35.

135. Drake, Hubert M.; Finch, Thomas W.; and Peele,
James R.: Flight Measurements of Directional Stability
to a Mach Number of 1.48 for an Airplane Tested With
Three Different Vertical Tail Configurations. NACA
RM HS55G26, October 1955, CASI ID: 19930088854.
PDF DTRS

Directional stability characteristics have been determined
from the measured period and damping of a fighter-type
airplane over the Mach number range from 0.72 to 1.48
at altitudes of 40,000 feet and 30.000 feet. Three different
vertical tails of varying aspect ratio or area, or both, were
employed.

136. Sisk, Thomas R.; and Andrews, William H.: Flight
Experience With a Delta-Wing Airplane Having Violent
Lateral-Longitudinal Coupling in Aileron Rolls. NACA
RM H55HO03, October 1955, CASI ID: 19930088985.
PDF DTRS

A time-history presentation is made of aileron rolls performed
by a high-speed delta-wing airplane between Mach numbers
of 0.7 and 0.8 including a one-half deflection aileron roll at a
Mach number of 0.75 where violent cross-coupled lateral and
longitudinal motions were experienced.

137. Videan, Edward N.: Flight Measurements of
the Dynamic Lateral and Longitudinal Stability
of the Bell X-5 Research Airplane at 58.7 Degrees
Sweepback. NACA RM H55H10, October 1955, CASI ID:
19930089024. PDF DTRS

Longitudinal and lateral dynamic-response characteristics to
elevator and rudder pulse deflections have been measured on
the Bell X-5 research airplane at 58.7 degrees sweepback.
Flight records were obtained at altitudes of 40,000 feet
and 25,000 feet. Period and damping, including nonlinear
damping effects, are presented, and comparison is made
with U.S. military lateral dynamic stability criteria. Engine
gyroscopic coupling effects are discussed, and frequency
response calculations are presented.
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138. Johnson, Clinton T.: Flight Measurements of the
Vertical-Tail Loads on the Convair XF-92A Delta-Wing
Airplane. NACA RM HS55H25, October 1955, CASI ID:
19930088823. PDF DTRS

Vertical-tail loads as obtained from strain-gage measurements
during the NACA flight test program of the Convair XF-92A
research airplane were measured during rudder pulses rudder-
fixed oscillations, and gradually increasing sideslips over the
Mach number range from 0.50 to 0.87. The vertical-tail loads
resulting from rudder deflection and sideslip angle were
determined for the Mach number range of the these tests.

139. Williams, Walter C.: Flight Research at High
Altitudes and High Speeds With Rocket-Propelled
Research Airplanes. SAE Paper 601, October 1955.

140. Thompson, Jim Rogers; Bray, Richard S.; and Cooper,
George E.: Flight Calibration of Four Airspeed Systems
on a Swept-Wing Airplane at Mach Numbers Up to 1.04
by the NACA Radar-Phototheodolite Method. NACA TN
3526, November 1955, 93R13513. PDF DTRS

The calibrations of four airspeed systems installed in a
North American F-86A airplane have been determined
in flight at Mach numbers up to 1.04 by the NACA radar-
phototheodolite method. The variation of the static-pressure
error per unit indicated impact pressure is presented for three
systems typical of those currently in use in flight research,
a nose boom and two different wing-tip booms, and for the
standard service system installed in the airplane. A limited
amount of information on the effect of airplane normal-
force coefficient on the static-pressure error is included. The
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results are compared with available theory and with results
from wind-tunnel tests of the airspeed heads alone. Of the
systems investigated, a nose-boom installation was found
to be most suitable for research use at transonic and low
supersonic speeds because it provided the greatest sensitivity
of the indicated Mach number to a unit change in true Mach
number at very high subsonic speeds, and because it was least
sensitive to changes in airplane normal-force coefficient. The
static-pressure error of the nose-boom system was small and
constant above a Mach number of 1.03 after passage of the
fuselage bow shock wave over the airspeed head.

141. Keener, Earl R.; and Jordan, Gareth H.: Wing Pressure
Distributions Over the Lift Range of the Convair
XF-92A Delta-Wing Airplane at Subsonic and Transonic
Speeds. NACA RM H55G07, November 1955, CASI ID:
19930088827. PDF DTRS

Chordwise and spanwise pressure distributions are presented
for the left wing of the Convair XF-92A delta-wing airplane
at Mach numbers from 0.30 to 0.93. Reynolds number based
on the mean aerodynamic chord of the wing varied between
22 x 10 to the 6 power and 49 x 10 to the 6 power. The data
cover the lift range from level flight to near-maximum lift.
Effects of wing section stall upon the elevon-section loads
are included.

1956 Technical Publications

142. Williams, Walter C.; and Phillips, William H.:
Some Recent Research on the Handling Qualities of
Airplanes. NACA RM H55L29A, February 1956, CASI ID:
19930090200.

Results of recent research on the handling qualities of airplanes
are reviewed. Among the subjects considered are dynamic
longitudinal stability, transonic trim changes, pitch-up due to
decreasing airspeed, dynamic lateral stability, aileron control,
and mechanical characteristics of power control systems.

143. Brunn, Cyril D.; and Stillwell, Wendell H.: Mach
Number Measurements and Calibrations During Flight
at High Speeds and at High Altitudes Including Data
for the D-558-11 Research Airplane. NACA RM H55J18,
March 1956, CASI ID: 19930089147. PDF CASI

This paper contains data concerning research equipment
and techniques pertaining to measurements of airspeed and
altitude, with particular reference to high Mach number and
altitude. Computations are presented for errors in determining
Mach number for altitudes of 40,000 feet to 140,000 feet.
Illustrative examples are included for maximum Mach
number and altitude flights of the Douglas D-558-II research
airplane.



144. Weil, Joseph: A Brief Review of NACA Flight
Research Relating to Roll Coupling. Symposium on Roll
Coupling, Dayton, Ohio, March 1, 1956.

145. Bellman, Donald R.; and Kleinknecht, Kenneth S.:
Operational Experience With Rocket Propelled Airplanes.
IAS-F75-038, 11th Annual Flight Propulsion Meeting of IAS,
Cleveland, Ohio, March 9, 1956.

146. Finch, Thomas W.; Peele, James R.; and Day, Richard
E.: Flight Investigation of the Effect of Vertical Tail Size
on the Rolling Behavior of a Swept-Wing Airplane Having
Lateral-Longitudinal Coupling. NACA RM HS55L28A,
April 1956, CASI ID: 19930089203.

The rolling behavior of a swept-wing airplane having lateral
longitudinal coupling has been determined over a Mach
number range of 0.73 to 1.39 at altitudes of 40,000 feet and
30,000 feet with three different vertical tails of varying aspect
ratio or area, or both. Increasing the tail area 27 percent and
the tail aspect ratio 32 percent greatly improved the rolling
behavior. The adverse sideslip during the rolls decreased with
increasing speeds to negligible values near Mach numbers
of 1.00 to 1.05, then increased in the favorable direction
at higher speeds. Stabilizer motion during the rolls greatly
affected the rolling behavior.

147. Stephenson, Harriet J.: Flight Measurements of
Horizontal-Tail Loads on the Douglas X-3 Research
Airplane. NACA RM HS56A23, April 1956, CASI ID:
19930090107. PDF CASI

Horizontal-tail loads were obtained from strain-gage
measurements during flight tests of the Douglas X-3 research
airplane over a Mach number range of 0.65 to 1.16. The
horizontal-tail-panel lift-curve slope was obtained from
stabilizer pulses. Balancing-tail loads, downwash, and total
airplane pitching moment were obtained from wind-up turns
and pull-ups.

148. Weil, Joseph; and Day, Richard E.: An Analog Study
of the Relative Importance of Various Factors Affecting
Roll Coupling. NACA RM H56A06, April 1956, CASI ID:
19930089282. PDF DTRS

An analog study of the roll coupling problem has been
made for a representative swept-wing and a tailless delta-
wing configuration. The investigation, conducted primarily
for subsonic flight conditions, included determination of
the effects of wide variations in many of the pertinent
aerodynamic derivatives on the motions developed in rolling
maneuvers. The influence of large changes in principal axis
inclination and mass distribution was also considered.

149. Weil, Joseph; Campbell, George S.; and Diederich,
Margaret S.: An Analysis of Estimated and Experimental
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Transonic Downwash Characteristics as Affected by
Plan Form and Thickness for Wing and Wing-Fuselage
Configurations. NACA TN 3628, April 1956, CASI ID:
19930084374. PDF CASI

This paper presents a summary of the effects of changes
in wing plan form and thickness ratio on the downwash
characteristics of wing and wing-fuselage configurations in
the Mach number range between 0.6 and 1.1. Data obtained
by the transonic-bump technique at two tail heights have been
compared with theoretical estimations made in the subsonic
and supersonic Mach number range.

150. Finch, Thomas W.; and Walker, Joseph A.: Flight
Determination of the Lateral Handling Qualities of the
Bell X-5 Research Airplane at 58.7 Degrees Sweepback.
NACA RM H56C29, May 1956, 93R19517. PDF DTRS

Flight tests were performed with the Bell X-5 research
airplane at 58.7 degrees sweepback to measure the lateral
handling qualities over a Mach number range up to 0.97 at
altitudes of 40,000, 25,000, and 15,000 feet. The dynamic
characteristics were influenced by aerodynamic and engine
gyroscopic coupling, and the damping was nonlinear
at the higher Mach numbers. The positive apparent
directional stability and the high apparent -effective
dihedral increased rapidly at higher Mach numbers.
The low aileron effectiveness was adversely affected by
the high effective dihedral. Directional divergence and
aileron overbalance occurred at high lifts. An abrupt
wing-dropping tendency existed and single-degree-of-
freedom flutter occurred on the rudder at low supersonic
Mach numbers.

151. Wolowicz, Chester H.: Time-Vector-Determined
Lateral Derivatives of a Swept-Wing Fighter Type
Airplane With Three Different Vertical Tails at Mach
Numbers Between (.70 and 1.48. NACA RM H56C20,
June 1956, CASI ID: 19930089144. PDF DTRS

The time-vector method was used to obtain the lateral
stability derivatives C (sub) Y (sub) beta, C (sub) n (sub)
beta, C (sub) iota (sub) beta, C (sub) iota (sub) p, (C sub n sub
r — C sub n sub beta) of a swept-wing fighter-type airplane.
The airplane was tested over a Mach number range of 0.71
to 1.48 at altitudes extending from 30,000 to 43,000 feet to
obtain static and dynamic lateral stability characteristics.
Four configurations were employed: three different vertical
tails and an extended wing. Available wind-tunnel data and
theoretical calculations were used for comparison purposes.

152. Fischel, Jack; and Reisert, Donald: Effect of Several
Wing Modifications on the Subsonic and Transonic
Longitudinal Handling Qualities of the Douglas D-558-11
Research Airplane. NACA RM H56C30, June 1956,
93R19515. PDF DTRS



The subsonic and transonic longitudinal handling qualities of
the Douglas D-558-1I research airplane were measured with
several wing modifications designed to alleviate swept-wing
instability and pitch-up. Airplane configurations investigated
include the basic wing configuration and two wing-fence
configurations in configurations in combination with
retracted, free-floating, or extended slats, and a wing leading-
edge chord-extension configuration. Results indicated
that the comparative effects of these wing modifications
on airplane pitch-up and trim-stability and on the stability
parameters d delta (sub) e/dC (sub) N, dFe/da (sub) n, and C
(sub) N (sub) sigma were essentially negligible. The various
modifications had some measurable effect on airplane
buffeting characteristics.

153. Nugent, Jack: Lift and Drag of the Bell X-5 Research
Airplane in the 45-Degrees Sweptback Configuration at
Transonic Speeds. NACA RM H56E02, July 1956, CASI
ID: 19930089404. PDF DTRS

Lift and drag coefficients for the 45-degrees sweptback
configuration of the Bell X-5 research airplane were
determined from flight tests covering the Mach number range
from 0.61 to 1.01 and were compared to data obtained with
the 59-degree sweptback configuration. Below the drag rise
the 45-degree configuration had a zero lift drag coefficient
of 0.020 as compared with 0.0175 for the 59-degree
sweptback configuration. The lift-drag ratio for the 45-degree
configuration exceeded that for the 59-degree configuration
for a Mach number range from 0.61 to 0.88 with a maximum
difference of about 0.7 at a Mach number of 0.82.
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154. Saltzman, Edwin J.; Bellman, Donald R.; and
Musialowski, Norman T.: Flight-Determined Transonic
Lift and Drag Characteristics of the YF-102 Airplane
with Two Wing Configurations. NACA RM H56E08, July
1956, CASI ID: 19930089423. PDF DTRS

The flight lift and drag characteristics of the YF-102 airplane,
a 60-degree delta-wing interceptor, were determined for a
symmetrical wing configuration and for a configuration with
cambered wing and reflexed tips. The Mach number range
extended from 0.6 to 1.17 and altitude varied from 25,000 feet
to 50,000 feet. The cambered wing configuration experienced
a considerable reduction of drag-due-to-lift, resulting in about
0.01 lower drag coefficient at about 0.3 lift coefficient and an
increase of about 20 percent in lift-drag ratio. Comparable
wind-tunnel data are included.

155. Beeler, De E.; Bellman, Donald R.; and Saltzman,
Edwin J.: Flight Techniques for Determining Airplane
Drag at High Mach Numbers. NACA TN 3821, AGARD
Report #84, presented to the Flight Test Panel of Advisory
Group for Aeronautical Research and Development, Brussels,
Belgium, August 27-31, 1956, August 1956, 93R13811.
PDF DTRS

The accelerometer method has proven to be the most
satisfactory method for the flight measurement of total
airplane drag during research investigations of high-speed
airplanes by the NACA High-Speed Flight Station. The
method requires special instrumentation and measuring
techniques which are described in detail. Method for separating
the flight measured overall drag into drag components and
for comparing the flight data with wind-tunnel-model data
are presented.

156. Williams, Walter C.; Drake, Hubert M.; and
Fischel, Jack: Comparison of Flight and Wind-Tunnel
Measurements of High-Speed-Airplane Stability and
Control Characteristics. NACA TN 3859, August 1956,
93R13946. PDF DTRS

Comparisons of wind-tunnel and flight-measured values
of stability and control characteristics are of considerable
interest to the designer, since the wind-tunnel method of
testing is one of the prime sources upon which estimates of
the characteristics of a new configuration are based. In this
paper comparisons are made of some of the more important
stability and control characteristics of three swept-wing
airplanes as measured in flight and in wind tunnels. Wind-
tunnel data from high-speed closed-throat tunnels, a slotted-
throat transonic tunnel, and a supersonic tunnel are used. The
comparisons show that, generally speaking, the wind tunnels
predict all trends of characteristics reasonably well. There are,
however, differences in exact values of parameters, which
could be attributed somewhat to differences in the model
caused by the method of support. The small size of the models



may have some effect on measurements of flap effectiveness.
When nonlinearities in derivatives occur during wind-tunnel
tests, additional data should be obtained in the region of the
nonlinearities in order to predict more accurately the flight
characteristics. Also, nonlinearities in static derivatives must
be analyzed on the basis of dynamic motions of the airplane.
Aeroelastic corrections must be made to wind-tunnel data
for models of airplanes which have thin surfaces and are to
be flown at high dynamic pressures. Inlet effects can exert
an influence on the characteristics, depending upon air
requirements of the engine and location of the inlets.

157. Williams, Walter C.; Drake, Hubert M.; and Fischel,
Jack: Some Correlations of Flight-Measured and Wind-
Tunnel Measured Stability and Control Characteristics
of High-Speed Airplanes. NACA RM HS56AG62,
August 1956, (also AGARD Report 62). PDF DTRS

Comparisons of wind-tunnel and flight-measured values
of stability and control characteristics are of considerable
interest to the designer, since the wind-tunnel method of
testing is one of the prime sources upon which estimates of
the characteristics of a new configuration are based. In this
paper comparisons are made of some of the more important
stability and control characteristics of three swept-wing
airplanes as measured in flight and in wind tunnels. Wind-
tunnel data are used from high-speed closed-throat tunnels, a
slotted-throat transonic tunnel, and a supersonic tunnel. The
comparison shows that, generally speaking, the wind tunnels
predict all trends of characteristics reasonably well. There are,
however, differences in exact values of parameters, which
could be attributed somewhat to differences in the model
caused by the method of support. The small size of the models
may have some effect on measurements of flap effectiveness.
When non-linearities in derivatives occur during wind-tunnel
tests, additional data should be obtained in the region of the
non-linearities. Also, non-linearities in static derivatives must
be analyzed on the basis of dynamic motions of the airplane.
Aeroelastic corrections must be made to the wind-tunnel
data for models of airplanes which have thin surfaces and
are to be flown at high dynamic pressures. Inlet effects can
exert an influence on the characteristics, depending upon air
requirements of the engine and location of the inlets.

158. Weil, Joseph; and Day, Richard E.: Correlation of
Flight and Analog Investigations of Roll Coupling. NACA
RM H56F08, September 1956, 93R19575. PDF DTRS

A brief review of NACA flight experience relating to the roll-
coupling problem is presented. Conditions rated by pilots and
intolerable, marginal, and good are discussed and correlated
with calculated results. A suggested flight test procedure for
roll-coupling investigations and a discussion of several other
items of general interest are also presented.

159. Drake, Hubert M.: Flight Experience With Present
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Research Airplanes. Research-Airplane-Committee Report
on Conference on the Progress of the X-15 Project, Langley
Aeronautical Laboratory, Langley Field, Virginia, October
26, 1956, 93R21716, CASI ID: 19930092426. Declassified
per NASA cen 14, dated 25 April 1967. PDF CASI

The North American X-15 airplane is being designed for
speeds and altitudes considerably greater than those presently
being encountered by airplanes. This paper explores the
status of flight research with the current research airplanes
to see what experience and planned research are pertinent to
the X-15 project.
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160. Banner, Richard D.; and Malvestuto, Frank S., Jr.: Skin
and Structural Temperature Measurements on Research
Airplanes at Supersonic Speeds. Research-Airplane-
Committee Report on Conference on the Progress of the
X-15 Project, Langley Aeronautical Laboratory, Langley
Field, Virginia, October 26, 1956, 93R21723, CASI ID:
19930092433. Declassified per NASA ccn 14, dated 25 April
1967. PDF CASI

Skin and structural temperatures of airplanes in flight
at supersonic speeds have been determined by use of
thermocouples and temperature resistance gages installed
on various research airplanes. Such data have recently been
obtained on two research airplanes, the Bell X-2 and the Bell
X-1B. The object of this paper is to show some of the actual
magnitudes and trends in the structural temperatures that
exist in an airplane experiencing the effects of aerodynamic
heating.

161. Stillwell, Wendell H.: Control Studies. Part B: Studies
of Reaction Controls. Research-Airplane-Committee Report
on Conference on the Progress of the X-15 Project, Langley
Aeronautical Laboratory, Langley Field, Virginia, October
26, 1956, 93R21728, CASI ID: 19930092438. Declassified




per NASA ccn 14, dated 25 April 1967. PDF CASI

The attitude-control method selected for the North American
X-15 for flight at extremely low and zero dynamic pressures
utilizes the reaction forces developed by small-rocket units
located on the airplane to produce rolling, pitching, and
yawing moments. An investigation of reaction control
similar to those selected for the X-15 has shown that unique
control problems exist for flight at the low dynamic pressures
where this type of control is used. Although the Bell X-1B
configuration was utilized for this investigation, a range of
variables was covered to determine the significant effects of
various factors on flight with reaction controls. It was also
of interest to determine fuel requirements for the rocket
units. The investigation consisted of analog-computer
studies and ground-simulator tests. The significant results of
this investigation is discussed in this paper.

E-2539

X-1B Airplane

162. Taback, I.; and Truszynski, G. M.: Instrumentation
for the X-15. Research-Airplane-Committee Report on
Conference on the Progress of the X-15 Project, Langley
Aeronautical Laboratory, Langley Field, Virginia, October
26, 1956, 93R21729, CASI ID: 19930092439. Declassified
per NASA ccn 14, dated 25 April 1967. PDF CASI

The development of a research airplane which extends
manned flight into regions where extremes of temperature and
pressure are reached requires the simultaneous development
of new instrumentation technique not only to ensure safe
operation of the aircraft but also to derive a maximum of
research data throughout the operational range of the aircraft.
The instrumentation required for the North American X-15
airplane project consists of ground range and for research
measurements. This paper outlines a plan for a ground range,
which is based upon developed equipment already in use, and
also discusses the airborne instrumentation and some of the
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special airborne devices which are made necessary by the
extended performance capabilities of this airplane.

163. Marcy, William L.; Stephenson, Harriet J.; and Cooney,
Thomas V.: Analysis of the Vertical-Tail Loads Measured
During a Flight Investigation at Transonic Speeds of the
Douglas X-3 Research Airplane. NACA RM HS56HO08S,
November 1956, 87H24605. PDF DTRS

An analysis of the vertical-tail loads obtained from strain-
gage measurements during a flight investigation of the
Douglas X-3 research airplane in the transonic speed range
is presented. Data from rudder pulses, gradually increasing
sideslips, and rudder-fixed aileron rolls were used to obtain
rudder effectiveness and the effective lift-curve slope of
the vertical tail. The variation of airplane yawing-moment
coefficient with sideslip as determined from the measured
vertical-tail loads is also presented.

Keywords: X-3 aircraft; Vertical-Tail loads; Transonic
speeds

164. Weil, Joseph: Review of Recent Rate of Roll
Investigations at the NACA High-Speed Flight Station.
Symposium on Roll Requirements, November 14, 1956.

165. Keener, Earl R.; and Jordan, Gareth H.: Wing Loads
and Load Distributions Throughout the Lift Range
of the Douglas X-3 Research Airplane at Transonic
Speeds. NACA RM H56G13, December 1956, CASI ID:
19930090104. PDF DTRS

Wing loads and load distributions were obtained in flight by
differential-pressure measurements between the upper and
lower surfaces of the left wing of the Douglas X-3 research
airplane. The effects of angle of attack and Mach number
on the wing characteristics at transonic Mach numbers are
shown. The wing has an aspect ratio of 3.09 and a modified
4.5 percent-thick hexagonal section. Data cover the range
from near-zero lift to maximum lift, over a Mach number
range of 0.71 to 1.15. Reynolds number based on the mean
aerodynamic chord of the wing varied between 16 x 10 to the
6 power and 26 x 10 to the 6 power.

166. Andrews, William H.; Sisk, Thomas R.; and Darville,
Robert W.: Longitudinal Stability Characteristics of
the Convair YF-102 Airplane Determined From Flight
Tests. NACA RM H56I17, December 1956, CASI ID:
19930089556. PDF DTRS

The longitudinal stability and trim characteristics for the
cambered-wing configuration of the Convair YF-102
airplane are determined up to M = 1.18 at altitudes of 25,000,
40,000, and 50,000 feet from level-flight speed runs, stall
approaches, wind-up turns, and elevator pulses. Trim data
are also included for the symmetrical-wing version. The trim



characteristics are conventional. The static stability more
than double between M = 0.60 and 1.16 and there is a loss of
50 percent in control effectiveness between M = 0.90 and 1.0.
Nosevere pitch-up was exhibited exceptin casesresulting from
speed change in the trim region. A preliminary analysis of the
artificial-feel system was made as a result of the
poor stick-force characteristics exhibited around 1.5g
and 2.0g.

1957 Technical Publications

167. Sisk, Thomas R.; Andrews, William H.; and Darville,
Robert W.: Flight Evaluation of the Lateral Stability
and Control Characteristics of the Convair YF-102
Airplane. NACA RM H56Gl11, January 1957, CASI ID:
19930089286. PDF CASI

e
e
.

The lateral stability and control characteristics of the Convair
YF-102 delta-wing airplane with cambered-reflexed wings
are determined from side-slips, aileron rolls, rudder pulses,
trim runs, and wind-up turns. Violent inertial coupling has
reciprocal of the cycles to damp to one-half amplitude with
encountered on this airplane and a summary of the rolling
been and sideslip characteristics is presented. The relation of
the phi/Ve (Military Specification) varies from unsatisfactory
to marginally satisfactory. Comparison is shown between the
pilot’s rating of the rudder pulse maneuvers and the military
requirement. A directional divergence that was encountered
at high lift coefficient (alpha = 20 degrees) is presented.

168. Larson, Terry J.; Stillwell, Wendell H.; and Armistead,
Katharine H.: Static Pressure Error Calibrations for
Nose-Boom Airspeed Installation of 17 Airplanes.
NACA RM H57A02, March 1957, CASI ID: 19930089554
PDF DTRS
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NACA High Speed Flight Station Research Aircraft, circa 1957 (clockwise from lower left), Bell X-1A, Douglas D-558-1,
Convair XF-92A, Dell X-5, Douglas D-558-11, Northrop X-4 and Douglas X-3 (center)



Static-pressure error calibrations made for nose-boom
airspeed installations of 17 airplanes are presented. The
calibrations are given in the form of true Mach number
against indicated Mach number, Mach number error, and
static-pressure error per recorded impact pressure. Static-
pressure errors are compared and are shown to be dependent
on nose-boom length, fuselage diameter, and nose fineness
ratio. Information is presented to provide a useful means
for predicting the static-pressure errors for similar airspeed
installation. Designation Airplane A, D-558-1; B, F-86A; C,
F-86F; D, X-5; E, F-100A; F, XF-92A; G, YF-102; H, X-4;
I, F-89; J, F-89; K, X-1; L, X-1; M, X-1A; N, D-558-II; O,
D-558-II; P, X-3; and Q, B-47A.

E-55-02094

F-100A Super Sabre Airplane

169. Matranga, Gene J.; and Peele, James R.: Flight-
Determined Static Lateral Stability and Control
Characteristics of a Swept-Wing Fighter Airplane to a
Mach Number of 1.39. NACA RM H57A16, March 1957,
CASI ID: 19930089538. PDF CASI

Flight tests were performed with a swept-wing fighter-type
airplane at an altitude of 40,000 feet over a Mach number
range from 0.72 to 1.39 to determine the lateral stability and
control characteristics. Results are presented for three different
vertical tails and two different wing areas, and include plots
of lateral stability derivatives against Mach number.

170. Wolowicz, Chester H.: Dynamic Longitudinal
Stability Characteristics of a Swept-Wing Fighter Type
Airplane at Mach Numbers Between 0.36 and 1.45.
NACA RM H56HO03, April 1957, CASI ID: 199300901309.
PDF CASI

Longitudinal pulse maneuvers were conducted on a swept-
wing fighter-type airplane for an original-wing and an
extended wing-tip configuration at altitudes from 10,000
to 40,000 feet over a Mach number range from 0.36 to
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1.45. Variations of the period, damping and the derivatives
C (sub) L (sub) sigma, C (sub) m (sub) sigma, and (C sub
m sub q + C sub m sub sigma) are presented as functions
of Mach number. Comparisons are made with wind-tunnel
data. Some consideration is given to pilot opinion in regard
to the dynamic longitudinal behavior of the airplane during
simulated combat maneuvers.

171. McGowan, William A.; and Cooney, T. V.: An Analysis
of Vertical-Tail Loads Measured in Flight on a Swept-
Wing Bomber Airplane. NACA RM L57B19, May 7, 1957,
93R18908, CASI ID: 19930089618. PDF CASI

An analysis is presented of vertical-tail loads measured on
a swept-wing bomber airplane at altitudes to 35,000 feet
and Mach numbers to 0.82. Flight data obtained from
rudder-step, rudder-pulse, aileron roll, and steady-sideslip
maneuvers were used in the analysis to determine lift-curve
slopes, centers of pressure, and wing-fuselage, tail, and
airplane static-directional-stability parameters. Results are
compared, where possible, with values used in design and
with theoretical values. Theoretical values of the lift-curve
slopes were in agreement with flight values when fuselage
flexibility was considered.

172. Saltzman, Edwin J.: Flight-Determined Induction-
System and Surge Characteristics of the YF-102 Airplane
With a Two-Spool Turbojet Engine. NACA RM H57C22,
June 1957, CASI ID: 19930089693.

Total-pressure recovery and distortion at the compressor face
have been recorded for a twin-side inlet, two-spool turbojet
engine combination during turns, sideslips, and speed runs
at altitudes between 33,000 and 50,000 feet. In addition,
conditions prior to several compressor surges have been
recorded. The Mach number range covered extends from
about 0.6 to 1.1. The investigation showed that engine surge
as experienced is not related to distortion at the compressor
face. Mismatching existed for most flight conditions.

173. Jordan, Gareth H.; Keener, Earl R.; and Butchart,
Stanley P.: Airplane Motions and Loads Induced by Flying
Through the Flow Field Generated by an Airplane at
Low Supersonic Speeds. NACA RM H57D17A, June 1957,
CASI ID: 19930089749.

Data are presented for the maximum sideslip angles and
vertical-tail loads induced on a swept wing fighter-type
airplane as a result of flying through the flow field generated
by a similar airplane at low supersonic Mach numbers.
These data were obtained during side-by-side passes at
various passing rates (5 fps to 50 fps) and interval separation
distances. Significant airplane sideslip angles and vertical-
tail loads were obtained during close-proximity passes at a
passing rate near the natural period of the airplane in yaw.



174. Banner, Richard D.: Flight Measurements of
Airplane Structural Temperatures at Supersonic Speeds.
NACA RM HS57DI8B, June 1957, 93R19049, CASI ID:
19930089759.

Skin and structural temperature distributions were obtained
during transient supersonic flights of the X-1B and
X-1E airplanes at Mach numbers up to approximately 2.0.
Extensive temperature measurements were obtained on the
X-1B. No critical temperatures were experienced over the
range of the test. The measured temperatures were compared
with simplified calculations.

X-1E Airplane

175. Malvestuto, Frank S.; Cooney, Thomas V.; and Keener,
Earl R.: Flight Measurements and Calculations of Wing
Loads and Load Distributions at Subsonic, Transonic,
and Supersonic Speeds. NACA RM H57EO1, July 1957,
CASI ID: 19930089925, 87H24654. PDF CASI

Presented in this report is a summary of local and net angle-
of-attack wing-panel loads measured in flight on six airplanes.
In addition, a comparison of these loads measured in flight
with calculations based on simple theory is presented.

176. Nugent, Jack: Effect of Wing-Mounted External
Stores on the Lift and Drag of the Douglas D-558-11
Research Airplane at Transonic Speeds. NACA RM
HS57E15A, July 1957, CASI ID: 19930090294, 93R19584.

Lift and drag measurements were made during a flight
investigation with the Douglas D-558-1I(145) airplane in
the basic and 150-gallon DAC store configurations over a
Mach number range from 0.48 to 1.03. The addition of stores
increased the drag at all Mach numbers tested. Below the
drag rise the increase was of about the same magnitude as the
increase in wetted area caused by the addition of the stores.
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The peak lift-drag ratio was reduced by about 14 percent,
and for lift coefficients of 0.2 and 0.4 a reduction in drag-
rise Mach number was noted. Little change in lift-curve slope
was observed for Mach numbers less than about 0.8.

177. Saltzman, Edwin J.; and Asher, William P.: Transonic
Flight Evaluation of the Effects of Fuselage Extension
and Indentation on the Drag of a 60 Degrees Delta-Wing
Interceptor Airplane. NACA RM HS57E29, September
1957, 71N72659. PDF DTRS

The flight lift and drag characteristics of a 60 degrees delta
wing interceptor airplane incorporating fuselage extension
and indentation were determined over the Mach number
range from 0.7 to 1.15 and the altitude range from 25,000 to
50,000 feet. Comparison is made with a similar airplane which
did not utilize fuselage extension or indentation. The results
indicate that the modifications (extension and indentation)
reduced the transonic drag coefficient about 50 drag counts
(0.0050) at a Mach number of about 1.1. Three sets of
comparable low Reynolds number data are included which
indicate reductions in transonic drag coefficient ranging from
about 0.0025 to 0.0045 at a Mach number of about 1.1.

178. Fischel, Jack; Darville, Robert W.; and Reisert,
Donald: Effects of Wing-Mounted External Stores on
the Longitudinal and Lateral Handling Qualities of the
Douglas D-558-1I Research Airplane. NACA RM H57H12,
October 1957, CASI ID: 19930090143. PDF CASI

The subsonic and transonic handling qualities of the
Douglas D-558-II research airplane were investigated with
several configuration of midsemispan external stores in
the altitude region between 20,000 and 40,000 feet. The
configurations tested consisted of an underslung pylon on
each wing, pylons plus simulated DAC (Douglas Aircraft Co.)
1,000-pound bombs, and pylons plus DAC 150-gallon-fuel
tanks. Comparisons of the results obtained were made with
comparable data from the clean airplane. The trends exhibited
in the characteristics measured with each configuration
were generally the same as for the clean airplane; however,
significant changes in the magnitude of the parameters
measured with the pylon-tank configuration were sometimes
apparent, particularly at the higher speeds tested.

179. Baker, Thomas F.; Martin, James A.; and Scott, Betty
J.: Flight Data Pertinent to Buffeting and Maximum
Normal-Force Coefficient of the Douglas X-3 Research
Airplane. NACA RM H57H09, November 1957, CASI ID:
19930090138. PDF CASI

The X-3 airplane, which has a straight, 4.5-percent-thick
wing, was flown to maximum wing lift at Mach numbers
from 0.7 to 1.1 at an average altitude of 30,000 feet. Airplane
and wing maximum normal-force coefficients and buffeting
characteristics were determined. Wing maximum normal-



force coefficients at low supersonic speeds were almost
twice the values at subsonic speed (M nearly equal to 0.8).
At transonic speeds the buffet boundary abruptly increased,
rather than decreased, with Mach number. The buffeting
encountered did not constitute either an operational or a
structural problem. The effective longitudinal maneuverability
limit was defined by maximum wing lift. Limited data
at subsonic speeds on the effects on lift and buffeting of
deflecting the wing leading edge flaps 7 degrees are included.

180. Drake, Hubert M.; and Kincheloe, Iven C.: Flight
Research at High Altitude. SLN: 63423, November 8, 1957,
CASI ID: 19820068145.

In the past ten years the Air Force, Navy, and the NACA,
in the research airplane program have obtained considerable
experience in flight research at high altitude. The present
paper details some of this experience, discusses some of the
problems encountered and being investigated, and a quick
look into future is taken.

181. Fischel, Jack; Holleman, Euclid C.; and Tremant, Robert
A.: Flight Investigation of the Transonic Longitudinal and
Lateral Handling Qualities of the Douglas X-3 Research
Airplane. NACA RM H57105, December 1957, CASI ID:
19930090141. PDF CASI

A flight investigation was performed to determine the
longitudinal and lateral handling qualities of the Douglas X-3
research airplane in the clean configuration and with wing
leading-edge flaps deflected. Static and dynamic stability
and control characteristics were determined during trimmed
and maneuvering flight at an average altitude of 30,000 feet
over a Mach number range from 0.7 to 1.16. Statically and
dynamically determined stability and control derivatives
are presented, as well as pilot evaluation of the airplane.

182. Saltzman, Edwin J.: In-Flight Gains Realized by
Modifying a Twin Side-Inlet Induction System. NACA
RM H57J09, December 1957, CASI ID: 19930090071.
PDF CASI

The effects of modifying a twin side-inlet duct system have
been recorded and analyzed over an altitude range from about
25,000 to 51,000 feet and throughout the transonic region to
a Mach number of about 1.2. The modification consisted
primarily of redesigning the inlet lip, increasing the cross-
sectional area of the inlet and diffuser, and adding a region of
duct contraction ahead of the engine. These changes greatly
improved the pressure-recovery characteristics and provided a
50-percent reduction in compressor-face distortion (pressure-
profile variation).

E57-2952
NACA High Speed Flight Station Century Series Fighter Aircraft, circa 1957 (clockwise from left), Lockheed F-104,
McDonnell F-101, Convair F-102, and North American F-100



183. Drake, H. M.: Flight Research at High Altitude,
Part 1. AGARD Proceedings of the Seventh AGARD
General Assembly, 1957, pp. 74-75, (see N82-73409 12-01),
82N73414, CASI ID: 19820068145, #.

Aerodynamic problems associated with flight at high Mach
numbers and/or low dynamic pressures include reduction
or directional stability, poor dynamic stability, low control
effectiveness, and aerodynamic heating, and instrumentation
problems. These are briefly indicated. Some of the high-
altitude investigations on the X-1B aircraft are discussed,
including preliminary studies on an analogue computer used
as a simulation.

184. Williams, Walter C.; and Drake, Hubert M.: The
Research Airplane—Past, Present, and Future. IAS
Summer Meeting, June 18, 1957, Preprint 750, 1957.

This paper discusses briefly the problems that have been
studied by the NACA during the past ten years using research
airplanes.

185. Beeler, De Elroy: Flight Loads Measurements
on NACA Research Airplanes. AGARD Report 109,
Structures and Materials Panel, 1957.

Summarizes results from flight loads investigations conducted
primarily for the purpose of confirming wind-tunnel results
by comparing full-scale results with comparable wind-tunnel
results. Data have been selected from three research aircraft
having a wide range of configuration. (X-1, X-5, & XF-92A).
Flight loads were determined by use of calibrated strain
gauges. Pressure distribution measurements were also made
of fuselage & wing of the X-1.

The frequency response of the B-47 to elevator control is
presented for ranges of frequencies including the airplane
oscillatory short period mode, the wing first-bending mode.
Comparisons are made between response measured in flight
and those predicted by pseudostatic analysis and by dynamical
analysis. In the application of pseudostatic analysis, the
importance of mass distribution is emphasized. Selection of
dynamic degrees of freedom and the apparent disappearance
of modes under forced oscillation is discussed. The frequency
response at various points on the airplane is measured and
calculated to find optimum locations for automatic control
pickups. The points of low response to structural vibrations
determined in flight are compared with those predicted by
dynamical analysis and those measured in ground vibration
tests.

187. Banner, R. D.: Flight Measurements of Airplane
Structural Temperatures at Supersonic Speeds. In NACA
Conference on Aircraft Loads, Structures, and Flutter, 1957,
(see N71-75382), 71N75404, CASI ID: 19710070090.

188. Jordan, Gareth H.; Keener, Earl R.; and Butchart,
Stanley P.: Airplane Motions and Loads Induced by Flying
Through the Flow Field Generated by an Airplane at Low
Supersonic Speeds. NACA Conference on Aircraft Loads,
Structures, and Flutter, 1957, (see N71-75382), 71N75394,
CASI ID: 19710070080.

An exploratory flight investigation was conducted to
determine the disturbances to an airplane while flying in
formation with another airplane at low supersonic speeds.
The most significant motions were encountered as a result
of flying through the flow field of the lead airplane. Several
of these supersonic passes were made using two sweptwing
fighter-type airplanes in order to evaluate the gross effects
of time to pass through the flow field, lateral distance, and
altitude within a Mach number range from 1.2 to 1.3.

189. Malvestuto, Frank S.; Cooney, Thomas V.; and Keener,
Earl R.: Flight Measurements and Calculations of Wing
Loads and Load Distribution at Subsonic, Transonic, and
Supersonic Speeds. NACA Conference on Aircraft Loads,
Structures, and Flutter, 1957, (see N71-75382), 71N75385,
CASI ID: 19710070071.

B-47 Airplane

186. Cole, Henry Ambrose; Brown, Stuart C.; and Holleman,
Euclid C.: The Effects of Flexibility on the Longitudinal
Dynamic Response of the B-47 Airplane. Preprint IAS 678,
1957. (see also 121.)
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190. Holleman, Euclid C.; and Boslaugh, David L.: A
Simulator Investigation of Factors Affecting the Design
and Utilization of a Stick Pusher for the Prevention of
Airplane Pitch-Up. NACA RM HS57J30, January 1958,
CASI ID: 19930089998. PDF CASI

Presented are the results of a simulator study of the factors
affecting the design of a device, a stick pusher, for preventing
a representative supersonic airplane from entering the pitch-



up region. The effects of varying the stick-pusher-activation
boundaries, sensing parameters, and magnitude of stick-
pusher force on the controllability of the airplane pitch-up
were investigated. The possible tactical importance of the
loss in available supersonic maneuverability caused by
angle-of-attack limiting in turns and zoom maneuvers is also
discussed.

191. Williams, Walter C.; and Drake, Hubert M.: The
Research  Airplane—Past, Present, and Future.
Aeronautical Engineering Review, Vol. 36, January 1958.

192. Marcy, William L.: High-Speed Landing Loads
Measured on the Douglas X-3 Research Airplane. NACA
RM HS57L06, February 1958, CASI ID: 19930090201.
PDF CASI

Measured loads are shown for several landings of the Douglas
X-3 at speeds from about 310 to 420 feet per second. Sinking
speeds were between 2 and 5 feet per second. Some loads
during taxiing and turning are also shown.

193. Matranga, Gene J.; and Armistead, Katharine H.: Flight
Evaluation of the Effects of Leading-Edge-Slat Span on
the Stability and Control Characteristics of a Sweptwing
Fighter-Type Airplane During Accelerated Longitudinal
Maneuvers at Transonic Speeds. NACA RM H58A03A,
March 1958, CASI ID:19930089937.

Accelerated longitudinal maneuvers were performed at
transonic speeds with a swept-wing fighter-type airplane
having several slat-span configurations. The effects of
these slat-span configurations on the stability and control
characteristics of the airplane are discussed and compared
with existing wind-tunnel data.

194. Drake, Hubert M.; Bellman, Donald R.; and Walker,
Joseph A.: Operational Problems of Manned Orbital
Vehicles. Presented at the NACA Conference on High Speed
Aerodynamics, March 18-20, 1958, pp. 89-102, (see N71-
75285), TIN75292. PDF CASI

Although this cursory survey has not indicated any
insurmountable operational problems to manned orbital flight
regardless of configuration type, the problems of the various
satellite configurations do materially affect operations and
must be considered early in the design. Safety and survival
requirements must be taken into consideration in manned
operations and may force considerable deviation from
optimum procedures. Although the presence of man in the
vehicle requires increased emphasis on reliability and safety,
proper use of his abilities can considerably simplify design
and increase reliability.

195. Banner, R. D.; McTigue, J. G.; and Petty, G., Jr.:
Boundary-Layer Transition in Full-Scale Flight. Presented
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at the NACA Conference on High-Speed Aerodynamics,
March 18-20,1958,pp.467-475,(seeN71-75285),71N75319.
PDF CASI

Because of greatly increased need for knowledge of full-scale
boundary-layer transition and the difficulty of simulating
actual flight conditions, a program has been initiated to
provide a better understanding of the boundary-layer flow
as it exists in supersonic flight. This paper shows the results
obtained in the early flight tests which determined the content
of laminar flow that could be obtained with practical wing-
surface conditions.

196. Taillon, Norman V.: An Analysis of Surface Pressures
and Aerodynamic Load Distribution Over the Swept
Wing of the Douglas D-558-1I Research Airplane at Mach
Numbers From 0.73 to 1.73. NACA RM HS58A30, April
1958, CASI ID: 19930090061. PDF CASI

The variation of the measured pressures and loads with lift is
presented, covering the speed range at airplane normal-force
coefficients from about O to 0.8. Spanwise load distributions
are compared with theory at subsonic and supersonic Mach
numbers. The wing is swept back 35 degrees, has a stream-
wise thickness ratio varying from 8.7 percent at the root to
10.4 percent at the tip, an aspect ratio of 3.57, and 3 degrees
incidence.

197. Kuhl, A. E.; Little, M. V.; and Rogers, J. T.: Analysis
of Flight-Determined and Predicted Effects of Flexibility
on the Steady-State Wing Loads of the B-52 Airplane.
NACA RM H57C25, April 23, 1958, 66N39617, CASI
ID:19660030327, #. PDF CASI

An analysis is made of the steady-state wing loads measured
during a flight investigation conducted on the Boeing B-52
airplane. The investigation covers the speed range of the
airplane up to a Mach number of 0.90. The measured loads
are analyzed in terms of the effects of Mach number, lift,
and dynamic pressure. In addition, the measured loads are
compared with predicted loads and the effects of varying
some of the structural and aerodynamic properties in the
predictions are presented.

198. McLeod, Norman J.; and Jordan, Gareth H.:
Preliminary Flight Survey of Fuselage and Boundary-
Layer Sound-Pressure Levels. NACA RM H58B11, May
1958. PDF DTRS

Presented are the results of a preliminary flight investigation
of noise inside fuselages and in the fuselage boundary layer.
The overall noise and frequency spectrum are presented
for the B-47A at subsonic speeds. Measurements were
made internally at three longitudinal locations and in the
fuselage boundary layer at one location. The overall noise
level is presented for one internal location of the D-558-II at



subsonic and low supersonic speeds. The relative importance
of engine noise and aerodynamic noise due to the boundary
layer at various airspeeds and engine operating conditions
is discussed for the locations at which measurements were
made.

199. Johnson, Clinton T.: Flight Investigation of the
Aerodynamic Forces on a Wing-Mounted External-
Store Installation on the Douglas D-558-I1 Research
Airplane. NACA RM HS58B24, May 1958, CASI ID:
19930090009. PDF CASI

Aerodynamic forces have been measured on an
external-store arrangement on the Douglas D-558-II research
airplane. Aerodynamic loads on the store-pylon combination
and the pylon alone were determined from angle-of-attack
and angle-of-sideslip maneuvers over the Mach number
range from 0.50 to 1.03. Wing-panel aerodynamic loads
have also been determined for the store configuration
and the clean-wing configuration. A brief discussion is
presented for the measured loads on the fins of the external
store.

200. Larson, Terry J.; Thomas, George M.; and Bellman,
Donald R.: Induction System Characteristics and Engine
Surge Occurrence for Two Fighter-Type Airplanes.
NACA RM H58C14, May 1958, 71N70251. PDF DTRS

Total-pressure recovery and distortion at the compressor
face are presented as variations of angle of attack and
mass-flow ratio for two fighter-type airplanes with similar
two-spool turbojet engines, but with dissimilar inlets. One
airplane has a normal-shock nose inlet, and the other has
two engines and triangular-shaped inlets located in the wing
roots. In addition, data are presented for engine surge
occurrences of these two airplanes and also for a third
single-engine airplane having two semicircular-shaped side
inlets.

201. Pembo, Chris; and Matranga, Gene J.: Control
Deflections, Airplane Response, and Tail Loads Measured
on an F-100A Airplane in Service Operational Flying.
NACA RM H58C26, June 1958. PDF DTRS

Results are presented from 20 hours of service operational
flying of an instrumented North American F-100A fighter
airplane. Air Force pilots at Nellis Air Force Base, Nev.,
performed air-to-air gunnery, simulated air-to-ground
attacks, air-combat maneuvering, acrobatics, and transition-
type flights to altitudes slightly in excess of 50,000 feet and
at Mach numbers up to 1.22. Measurements of pilot control
deflections, throttle movement, airplane motions, and tail
loads are presented primarily as envelope curves of maximum
recorded values. An overall comparison of these results with
results from earlier investigations with other airplanes is
made. A limited analysis of the factors affecting horizontal-
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and vertical-tail loads is included.

202. Drake, Hubert M.; Bellman, Donald R.; and Walker,
Joseph A.: Operational Problems of Manned Orbital
Vehicles. NACA RM H58D21, July 1958.

Some of the operational problems of escape, piloting,
orbit selection, flight termination, and range requirements
are considered, including the effects of configuration. It is
indicated that configuration materially affects operations, that
survival considerations may preclude optimum procedures,
and that use of the pilot can considerably simplify design and
increase reliability.

203. Holleman, Euclid C.; and Stillwell, Wendell H.:
Simulator Investigation of Command Reaction Controls.
NACA RM H58D22, July 1958. PDF DTRS

Reaction controls that command velocity and attitude
have been investigated and are compared to controls that
command acceleration. Velocity and attitude command
systems facilitated the task of orientation and stabilization and
minimized the effects of dynamic pressure. The simulation
of an entry maneuver by dynamic-pressure buildup showed
that successful entry could be made with any of the three
systems, but the task was easier with the velocity or the
attitude system.

204. Holleman, E. C.; and Stillwell, W. H.: Simulator
Investigation of Command Reaction Controls. In
NACA Conference on High-Speed Aerodynamics, 1958,
pp. 157-165, (see N71-75285), 7TIN75297. (see also 203.)
PDF CASI

A velocity or attitude command reaction control system
would facilitate the task of orientation and stabilization in
regions of low dynamic pressure. All the systems were
insensitive to lags that might be encountered in practical
rocket systems, but at large lags the effectiveness of the
proportional acceleration system deteriorates much more
rapidly than does the effectiveness of the other control
systems. Dynamic pressure complicates the stabilization
and orientation problem by aerodynamically coupling yaw
and roll, but this complication only serves to emphasize the
superiority of the velocity and attitude command systems
over the acceleration system. The attitude command system
was superior to the velocity command system as a stabilizing
device, but the velocity command system was preferred for
orientation.

205. Keener, Earl R.; McLeod, Norman J.; and Taillon,
Norman V.: Effect of Leading-Edge-Flap Deflection on
the Wing Loads, Load Distributions, and Flap Hinge
Moments of the Douglas X-3 Research Airplane at
Transonic Speeds. NACA RM H58D29, July 1958, CASI



ID: 19930090188. PDF CASI

Data were obtained in flight by differential-pressure
measurements between the upper and lower surfaces of the
wing, covering the range from near-zero lift to maximum
lift over the Mach number range of 0.5 to 1.15 with flap
undeflected and 0.5 to 0.9 with flap deflected. The unswept
wing has an aspect ratio of 3.09, a taper ratio of 0.39, and
a modified 4.5-percent-thick hexagonal section. The plain,
constant-chord leading-edge flap extends from the wing
root to the wing tip. Reynolds number based on the mean
aerodynamic chord of the wing varied between 16 X 10 sup
6 and 26 X 10 sup 6. A brief comparison with wind-tunnel
results is included.

206. Banner, Richard D.; McTigue, John G.; and Petty,
Gilbert:  Boundary-Layer-Transition = Measurements
in Full-Scale Flight. NACA RM HS58E28, July 1958,
78N78570. (see NASA TM-79863).

Chemical sublimation employed for boundary-layer flow
visualization on the wings of a supersonic fighter airplane in
level flight near a Mach number of 2.0 has shown that laminar
flow can be obtained over extensive areas with practical wing
surface conditions. Heated temperature resistance gages
installed in a Fiberglas “glove” installation on one wing
continuously monitored the conditions of the boundary layer.
Tests were conducted at speeds from a Mach number of 1.2
to a Mach number of 2.0, at altitudes from 35,000 feet to
56,000 feet. Data obtained at all angles of attack, from near
0 degrees to near 10 degrees have shown that the maximum
transition Reynolds number on the upper surface of the wing
varies from about 2.5 x 10 to the 6 power at a Mach number
of 1.2 to about 4 x 10 to the 6 power at a Mach number of
2.0. On the lower surface, the maximum transition Reynolds
number varies from about 2 x 10 to the 6 power at a Mach
number of 1.2 to about 8 x 10 to the 6 power at a Mach
number of 2.0.

207. Fischel, Jack; Cooney, Thomas V.; and Bellman, Donald
R.: Flight-Testing Techniques of Manned Hypersonic and
Satellite Vehicles. IAS, Los Angeles, California, July 10-11
1958.

The desire of man to fly at ever increasing speeds and
altitudes has resulted in a constantly accelerating performance
growth. The technology has advanced at such a rate that
future flight vehicles are planned not for small incremental
performance increases as in the past, but rather, in multiples
of present performance. With these increases in performance
it is the problem of the flight test engineer to assure that his
methodology is compatible with the vehicle. It is well, then,
to take the case of a boost-glide vehicle capable of speed up
to that required for orbital flight, examine its characteristics
and problems, and outline the approach to the flight test of
such a vehicle.
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208. Finch, Thomas W.; Matranga, Gene J.; *Walker, Joseph
A.; and *Armstrong, Neil A.: Flight and Analog Studies of
Landing Techniques. Research-Airplane-Committee Report
on Conference on the Progress of the X-15 Project held at
the IAS Building, Los Angeles, California on July 28-30,
1958, NACA-CONF-30-Jul-58, July 30, 1958, pp. 83-93,
93R21698, CASI ID: 19930092408. Declassified per NASA
ccn 14, 29 Nov. 1966.

The approach and landing operation of unpowered rocket
airplanes has always required considerable pilot concentration
but has been completed without undue demands on piloting
technique. The X-15 airplane will land in a range of lift-drag
ratio 1/d markedly lower than previous rocket airplanes have
used. This paper presents the results of a flight and analog
study of landing to assess the potential difficulty of landing
the X-15 at low 1/d and to determine whether different
techniques would be required in the landing maneuver.
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209. *Rowen, Burt.: Aeromedical Support of the
X-15 Program. Research-Airplane-Committee Report
from Conference on the Progress of the X-15 project held
at the IAS building, Los Angeles, California on July 28-30,
1958, NACA-CONF-30-Jul-58, July 30, 1958, pp. 129-146,
93R21680, CASI ID:19930092390. Declassified per NASA
cen 14, 29 Nov. 1966.

Report describes the human factors or aeromedical support
program for the X-15. The overall objective is to obtain
quantitative physiological data and to make the pilot’s actual
flight task a realistic continuation of previous experience
and training. During the flight phase of the X-15 aircraft,
physiological data will be telemetered so that a flight surgeon
observing the ground read-out can tell when the pilot is
approaching the limit of his physiological tolerance.



*Air Force Flight Test Center, Edwards AFB, California.

210. Truszynski, G. M.; and Mace, W. D.: Status of High-
Range and Flow-Direction Sensor. Research-Airplane-
Committee Report from Conference on the Progress of the
X-15 project held at the IAS building, Los Angeles, California
on July 28-30, 1958, NACA-CONF-30-Jul-58, July 30,
1958, pp. 151-158, 93R21682, CASI ID:19930092392.
Declassified per NASA ccn 14, 29 Nov. 1966.

This paper describes the two systems used to provide certain
research measurements for the X-15 aircraft. These systems
are: (1) a probe and associated system that will be capable of
operating throughout the extreme temperature environment
encountered on reentry to provide a measure of the angle
of attack and sideslip to the pilot, and (2) an instrumented
ground range capable of monitoring the flight of the airplane
throughout its entire trajectory.

211. Beeler, De E.: X-15 Research Objectives. Research-
Airplane-Committee Report from Conference on the Progress
of the X-15 project held at the IAS building, Los Angeles,
California on July 28-30, 1958, NACA-CONF-30-Jul-58,
July 30, 1958, pp. 327-338, 93R21697, CASI ID:
19930092407. Declassified per NASA ccn 14, 29 Nov.
1966.

Paper presents the areas of research interest for the most
important and urgent problems at the present time. Indications
are given of other types of data that will be obtained, as well
as possible additional research uses of the X-15. In the course
of conducting the flight research for the X-15, the emphasis
will change from one area to another and problems of new
and different significance will result. Those problems that
are found to be real will be better understood as a result of
the flight investigations and those problems that have been
imagined will be replaced with unexpected or overlooked
problems.

212. Wolowicz, Chester H.; and Rediess, Herman A.: Effects
of Jet Exhaust on Flight-Determined Longitudinal and
Lateral Dynamic Stability Characteristics of the Douglas
D-558-11 Research Airplane. NACA RM H57G09, August
1958, CASI ID: 19930089762. PDF CASI

A flight investigation over a Mach number range from
0.67 to 1.61 was made to determine the longitudinal and
lateral stability characteristics of the D-558-II airplane with
particular reference to the jet exhaust effects of the rocket
engine. Longitudinal stability was not affected because of
the high horizontal tail. The rudder-fixed lateral stability
was adversely affected in the supersonic region. Rudder-free
lateral stability during power-on supersonic yawed flight was
better than for rudder-fixed conditions.
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213. Cooney, Thomas V.: The Service Pilot as a Test Pilot.
SETP Quarterly Review, Summer 1958.

214. Stillwell, Wendell H.; and Drake, Hubert M.: Simulator
Studies of Jet Reaction Controls for Use at High Altitude.
NACA RM HS58GI8A, September 1958, 93R19525.
PDF DTRS

An investigation has been made of the use of pilot-
controlled jet reaction forces for vehicle attitude control in
regions of extremely low dynamic pressure. The effects of
various control configurations, control magnitudes, control
techniques, dynamic pressure, and aerodynamic stability
were investigated. The results of analog computer studies and
mechanical simulator tests indicate that control techniques
are somewhat different from those used with aerodynamic
controls at normal flight speeds and that constant attention
to the control task is required. Because of the ease of
overcontrolling with large control powers, much lower
control power than that required for aerodynamic controls
was preferred. Moderate values of effective dihedral produced
a noticeable increase in the amount of roll control required
to maintain trim at dynamic pressures up to 20 pounds per
square foot.

E-2578
Iron Cross Reaction Controls Simulator
215. Wolowicz, Chester H.; and Holleman, Euclid
C.: Stability-Derivative Determination From

Flight Data. Presented to AGARD Flight Test Panel,
Copenhagen, Denmark, October 20-25, 1958, Report 224
OTP-1958, October 1958.

A comprehensive discussion of the various factors
affecting the determination of stability and control derivatives
from flight data is presented based on the experience of
the NASA High-Speed Flight Station. Factors relating
to test techniques, determination of mass characteristics,
instrumentation, and methods of analysis are discussed.



216. Fischel, Jack; Butchart, Stanley P.; Robinson, Glenn
H.; and Tremant, Robert A.: Flight Studies of Problems
Pertinent to Low-Speed Operation of Jet Transports.
NASA Conference on Some Problems Related to Aircraft
Operations, November 5-6, 1958, (see 235), CASI ID:
19650075758. PDF CASI (Entire Conference Proceedings).

217. Cooney, Thomas V.. Motions and Vertical-Tail
Loads Experienced by Jet Transport Aircraft in Rough
Air. NASA Conference on Some Problems Related to Aircraft
Operations, November 5-6, 1958, CASI ID: 19650075758.
PDF CASI (Entire Conference Proceedings).

218. Jordan, Gareth H.; and McLeod, Norman J.:
Boundary-Layer Noise at Subsonic and Supersonic
Speeds. NASA Conference on Some Problems Related
to Aircraft Operations, November 5-6, 1958, CASI ID:
19650075758. PDF CASI (Entire Conference Proceedings).

Presents results of flight surveys of boundary-layer and
engine noise levels in an attempt to establish the contribution
and relative importance of boundary-layer and engine noise
on the noise environment of aircraft in flight. The two
airplanes used were the B-47A and the Douglas 558-2.

219. Armstrong, Neil A.: Future Range and Flight
Test Area Needs for Hypersonic and Orbital Vehicles.
Society of Experimental Test Pilots, Vol. 3 No. 2,
(see F70-0705), Winter 1959.

This paper points out some of the desirable and
mandatory area and control requirements for the flight
testing of such vehicles up to and including those of orbital
velocity with indications of the needs of operational military
and air carrier organizations.

1959 Technical Publications

220. Nugent, Jack: Lift and Drag of a Swept-Wing Fighter
Airplane at Transonic and Supersonic Speeds. NASA
Memo 10-1-58H, January 1959, CASI ID: 19630004009.
PDF CASI

Lift and drag measurements were made during a flight
investigation of a swept-wing fighter airplane in the basic
configuration and in a slats-locked-closed configuration
over a Mach number range from about 0.63 to about 1.44.
Negligible drag-coefficient difference existed between the
basic configuration and the slats-locked-closed configuration
over a comparable test range. For the basic configuration at
zero lift the supersonic drag-coefficient level was about three
times as great as the subsonic drag-coefficient level, which
was about 0.01.

221. Matranga, Gene J.: Roll Utilization of an F-100A
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Airplane During Service Operational Flying. NASA
Memo 12-1-58H, January 1959, CASI ID: 19980228312.
PDF CASI

An instrumented North American F-100A fighter airplane
was flown by Air Force pilots at Nellis Air Force Base, Nev.,
during 20 hours of service operational flying which included
air-to-air gunnery, air-to-ground gunnery and bombing,
aircraft combat maneuvering, and acrobatic-type maneuvers.
During this investigation altitudes up to 50,000 feet and
Mach numbers up to 1.22 were realized. In this paper the roll
utilization for the various maneuvers performed and the roll
utilization at supersonic speeds are analyzed.

222. Walker, Joseph A.: Outline of the X-15 Project.
Presented at the IAS Meeting, San Francisco, California,

January 15, 1959.

This paper presents a brief discussion of the following phases
of this project: history, cost, research objectives, protection
and escape of the pilot, description of the aircraft, industry
participation, flight-test range, role of the pilots, and flight
testing.

223. Williams, Walter C.: X-15 Airplane as a Research
Tool. Presented at the IAS 20th Annual Meeting, New York,
January 26-29, 1959, IAS Report, pp. 59-79.

224. Messing, Wesley E.: Residual Fuel Expulsion From
a Simulated 50,000-Pound-Thrust Liquid-Propellant
Rocket Engine Having a Continuous Rocket-Type
Igniter. NASA Memo 2-1-59H, February 1959, CASI ID:
19980228292. PDF CASI

Tests were conducted to determine the starting characteristics
of a simulated 50,000-pound-thrust rocket engine with a
quantity of fuel lying dormant in the main thrust chamber.
Ignition was alcohol-water and anhydrous ammonia was
used as the residual fuel. The igniter successfully expelled
the maximum amount of residual fuel (3 1/2 gal) in
2.9 seconds when the igniter was equipped with a sonic
discharge nozzle. When the igniter was equipped with a
supersonic exhaust nozzle, a slightly less effective expulsion
rate was encountered.

Keywords: Expulsion; Fuels; Liquid propellant; Residual
gas; Rocket engines.

225. Weil, Joseph: Summary of Planned X-15 Entry
Research. NASA Conference on Review of NASA Research
Related to Control Guidance and Navigation of Space
Vehicles, NASA Ames Research Center, February 25-27,
1959.

226. Drake, Hubert M.: Energy Management
Requirements of Entry Vehicles. NASA Conference on
Review of NASA Research Related to Control Guidance and



Navigation of Space Vehicles, NASA Ames Research Center,
February 25-27, 1959.

227. Finch, Thomas W.: Flight and Analog Studies of
Approach and Landing Characteristics of Low L/D
Configurations. NASA Conference on Review of NASA
Research Related to Control Guidance and Navigation of
Space Vehicles, NASA Ames Research Center, February
25-27, 1959.

228. Fischel, Jack: Use of Air-Launched Techniques in
Space Research. NASA Conference on Review of NASA
Research Related to Control Guidance and Navigation of
Space Vehicles, NASA Ames Research Center, February
25-27, 1959.

229. Holleman, Euclid C.: Utilization of Pilot During the
Boost Stage of Multistaged Vehicles. NASA Conference on
Review of NASA Research Related to Control Guidance and
Navigation of Space Vehicles, NASA Ames Research Center,

February 25-27, 1959.

230. Boslaugh, David L.: Investigation of Precise Attitude
Control—Simulator Program. NASA Conference on
Review of NASA Research Related to Control Guidance and
Navigation of Space Vehicles, NASA Ames Research Center,

February 25-27, 1959.

231. *Funk, Jack; and *Cooney, T. V.: Some Effects of Yaw
Damping on Airplane Motions and Vertical-Tail Loads in
Turbulent Air. NASA Memo 2-17-59L, March 1959, CASI
ID: 19980228407. PDF CASI

Results of analytical and flight studies are presented to
indicate the effect of yaw damping on the airplane motions
and vertical-tail loads in rough air. The analytical studies
indicate a rapid reduction in the airplane motions and the
loads on the vertical tail as the damping is increased up to
the point of damping the lateral motions to 1/2 amplitude in
one cycle. Flight measurements indicate that a yaw damper
reduces the loads on the vertical tail due to turbulent air and
that the pilot could provide a significant amount of lateral
damping.

*NASA Langley Research Center, Hampton, Virginia.

232. McKay, J. B.: Problems Associated with High-Speed
Flight. NASA TM X-56245. Presented at the Air Force
Academy Instructors Workshop, Moore AFB, Mission,
Texas, March 18, 1959, 1959, 65N83273.

Keywords: High altitude; High speed; Mach number.

233. Armstrong, Neil A.: Test Pilot’s View on Space
Ventures. American Society of Mechanical Engineers
Meeting in Los Angeles, California, March 11, 1959.

234. Andrews, William H.; and Rediess, Herman A.:
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Flight-Determined Stability and Control Derivatives of a
Supersonic Airplane With a Low-Aspect-Ratio Unswept
Wing and a Tee-Tail. NASA Memo 2-2-59H, April 1959,
63N13886. PDF CASI

The longitudinal and lateral directional stability and control
derivatives have been determined in the trim angle-of-attack
range between Mach numbers of 0.88 and 2.08. The static
and dynamic lateral directional derivatives were determined
by the time-vector method, modified by using yawing
velocity as a reference instead of sideslip angle. Generally,
the flight data compared favorably with existing published
and unpublished wind-tunnel data.

235. Fischel, Jack; Butchart, Stanley P.; Robinson, Glenn
H.; and Tremant, Robert A.: Flight Studies of Problems
Pertinent to Low-Speed Operation of Jet Transports.
NASA Memo 3-1-59H, April 1959, CASI ID: 19980230680.
PDF CASI

The specific areas investigated include those of the take-
off and landing, and relation of these maneuvers to the 1 g
stall speed and stalling characteristics. The take-off studies
included evaluation of the factors affecting the take-off speed
and attitude, including the effects of premature rotation
and of overrotation on ground run required. The approach
and landing studies pertained to such factors as: desirable
lateral-directional damping characteristics; lateral-control
requirements; space-positioning limitations during approach
under VFR or IFR conditions and requirements for glide-path
controls; and evaluation of factors affecting the pilot’s choice
of landing speeds. Specific recommendations and some
indication of desirable characteristics for the jet transports
are advanced to alleviate possible operational difficulties or
to improve operational performance in the low-speed range.

236. Butchart, Stanley P.; Fischel, Jack; Tremant, Robert
A.; and Robinson, Glenn H.: Flight Studies of Problems
Pertinent to High-Speed Operation of Jet Transports.
NASA Memo 3-2-59H, April 1959, CASI ID: 19980228311.
PDF CASI

Some of the specific areas investigated include: (1) an
overall evaluation of longitudinal stability and control
characteristics at transonic speeds, with an assessment of
pitch-up characteristics, (2) the effect of buffeting on airplane
operational speeds and maneuvering, (3) the desirable lateral-
directional damping characteristics, (4) the desirable lateral-
control characteristics, (5) an assessment of overspeed and
speed-spread requirements, including the upset maneuver, and
(6) an assessment of techniques and airplane characteristics
for rapid descent and slow-down. The results presented
include pilot’s evaluation of the various problem areas and
specific recommendations for possible improvement of jet-
transport operations in the cruising speed range.

Keywords: Aerodynamic characteristics; Jet aircraft;



Operational problems; Transonic speed; Transport aircraft.

237. Bellman, Donald R.: A Summary of Flight-
Determined Transonic Lift and Drag Characteristics of
Several Research Airplane Configurations. NASA Memo
3-3-59H, April 1959, CASI ID: 19980228028. PDF CASI

Flight-determined lift and drag data from transonic flights
of seven research airplane configurations of widely varying
characteristics are presented and compared with wind-tunnel
and rocket-model data. The effects of some of the basic
configuration differences on the lift and drag characteristics
are demonstrated.

238. Williams, Walter C.: Pilot Considerations in the
X-15 Research Airplane Program. Presented at the
Annual Meeting of the American Psychiatric Association,
Philadelphia, Pennsylvania, April 29, 1959.

This report briefly discusses the aircraft, the pilots working
space and environment, the pilots selected for flights,
simulator programs, and the monitoring of the pilot’s physical
condition during flight.

239. Taillon, Norman V.. Flow Characteristics About
Two Thin Wings of Low Aspect Ratio Determined From
Surface Pressure Measurements Obtained in Flight at
Mach Numbers from 0.73 to 1.90. NASA Memo 5-1-59H,
May 1959, CASI ID: 19980228214. PDF CASI

The effects of Mach number and angle of attack on the flow
about the X-3 wing (4.5-percent thickness ratio, aspect ratio
3.09) and the X-1E wing (4-percent thickness ratio, aspect
ratio 4.0) as determined from surface pressure measurements
are presented. The effect of the flow behavior on the section
normal-force and moment coefficients of the two wings is
also discussed. The detailed survey of pressures from which
the data were selected is available in tabular form from the
National Aeronautics and Space Administration.

240. Martin, James A.: Determination of Local Skin
Friction by Means of Surface Total-Pressure Probes.
OTP-1959, May 1959.

Work by J. F. Naleid has further extended the method of
Preston to the case of compressible flow with adverse pressure
gradient and zero heat transfer. Tests were performed at
M=2.

241. Finch, Thomas W.: Results of the First X-15 Flight.
Presented at the IAS Summer Meeting, Los Angeles,
California, June 17, 1959.

242, McTigue, J. G.; Overton, J. D.; and Petty, G., Jr.: Two
Techniques for Detecting Boundary-Layer Transition
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in Flight at Supersonic Speeds and at Altitudes Above
20,000 Feet. NASA TN D-18, August 1959, 78N78571.
PDF CASI

Thelocation of transition was measured on asupersonic fighter-
type airplane by resistance-thermometer and sublimation
techniques. Application of these techniques required the use
of only the external surface without disturbing the internal
structure. Agreement between the two methods as achieved
throughout this program is discussed. Also presented are
possible extensions of the program to higher Mach numbers.

243. Matranga, Gene J.; and Armstrong, Neil A.: Approach
and Landing Investigation at Lift-Drag Ratios of 2 to 4
Utilizing a Straight-Wing Fighter Airplane. NASA TM
X-31, August 1959, CASI ID: 19980235626. PDF CASI

A series of landings were performed with a straight-wing
fighter airplane to evaluate the effect of low lift-drag ratios on
landing. Landings with peak lift-drag ratios as low as 3 were
achieved by altering the airplane configuration (extending
speed brakes, flaps, and gear and reducing throttle setting).

Keywords: Aerodynamic characteristics; Airspeed; Approach;
Fighter aircraft; Lift drag ratio.

244. McKay, James M.: Measurements of Ground-
Reaction Forces and Vertical Acceleration at the Center of
Gravity of a Transport Airplane Taxiing Over Obstacles.
NASA TN D-22, September 1959, 89N70669. PDF CASI

Results are presented of the effects of ground speed and
obstacle width on the vertical and rearward drag ground-
reaction forces, the vertical acceleration at the center of
gravity of the airplane, the shock-strut displacement, and the
dynamic response of the upper mass of the airplane structure.
The obstacles were 3.0 inches in height and 1 and 4 feet in
width, and the investigation covered a range of ground speeds
from 12 to 86 knots.

245, Saltzman, Edwin J.: Flight Investigation of the Effect
of Distributed Roughness of Skin Drag of a Full-Scale
Airplane. NASA TM X-36, September 1959, CASI ID:
19630003101. PDF CASI

The change in drag caused by the addition of two sizes of
distributed sand-type roughness to the wings and tail surfaces
of a delta-wing airplane has been measured at Mach numbers
near 0.8 and 1.1. The largest roughness, 0.006-inch mean
effective diameter, caused an increase in drag comparable
to the increase predicted by the low-speed drag law for a
rough plate. The increase in drag caused by the addition of
the smallest roughness, 0.002-inch mean effective diameter,
was less than half that predicted by the low-speed drag law
for a rough plate.



246. Day, Richard E.; and Reisert, Donald: Flight Behavior
of the X-2 Research Airplane to a Mach Number of 3.20
and a Geometric Altitude of 126,200 Feet. NASA TM
X-137, September 1959, CASI ID: 19980227870. PDF
CASI

Flight-test data obtained with the X-2 research airplane are
presented for the maximum performance flights. An analysis
is made of the instability leading to the loss of the airplane.

247. Finch, Thomas W.; and Matranga, Gene J.: Launch,
Low-Speed, and Landing Characteristics Determined
from the First Flight of the North American X-15 Research
Airplane. NASA TM X-195, September 1959, CASI ID:
19980236840. PDF CASI

The primary areas of emphasis in the results of the first
flight of the X-15 research airplane are the launch and
landing characteristics. The launch characteristics were
satisfactory and, in general, were qualitatively predicted
by wind-tunnel studies. The landing characteristics were
predicted qualitatively by analog and flight program, and the
recommended technique of extending the flaps and gear at
a minimum altitude appears to be a satisfactory method of
landing the X-15 airplane.

Keywords: Aerodynamic characteristics; Directional stability;
Landing; Launching; Low speed.

248. Marcy, W. L.: Flight Investigation of Loads on a Tee-
Tail at Transonic and Supersonic Speeds. NASATM X-57,
September 1959, 71N73446.

Horizontal- and vertical-tail loads were measured on a
supersonic fighter airplane. Lift-curve slopes, spanwise
centers of load, and interference effects are shown for
Mach numbers from 0.81 to 2.06 at altitudes from 20,000
to 55,000 feet. Flight results agreed well with wind-tunnel
data and theoretical calculations. It was concluded that
calculations of a preliminary-design type are adequate for the
prediction of loads on tee-tails at small angles of attack and
sideslip up to a Mach number of 2.

249, Jordan, Gareth H.: Some Aspects of Shock-Wave
Generation by Supersonic Airplanes. AGARD Report 251,
Flight Test Panel of AGARD, Aachen, Germany, September
21-25, 1959.

250. Keener, Earl R.: Pressure Measurements Obtained
in Flight at Transonic Speeds for a Conically Cambered
Delta Wing. NASA TM X-48, October 1959, 65N12688.
PDF CASI

Pressures were obtained over the wing of the Convair
JF-102A airplane at Mach numbers up to 1.19. The wing
has aspect and taper ratios of 2.08 and 0.023, respectively,
and incorporates two fences, a reflexed tip, and an elevon-
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control surface. Wing Reynolds number varied between
23 X 10 sup 6 and 58 X 10 sup 6. The results are analyzed
with regard to the effects of camber on the distribution of
leading-edge pressures, on the span-load distribution, and
on the flow-separation characteristics. Tabulated data are
available upon request from the National Aeronautics and
Space Administration.

251. Nugent, Jack: Interaction of Nonsteady Twin-
Inlet Flow and Airplane Directional Motions at a Mach
Number of Approximately 1.9. NASA TM X-54, October
1959, 71N73436, CASI ID:19710068122.

Flight tests of a twin-duct propulsion system performed at a
Mach number of about 1.9 have indicated a direct interaction
between an asymmetric shock configuration at the inlets
and airplane directional motion. The asymmetric shock
configuration was produced at reduced mass flows and was
aggravated by sideslip angle. Installation of a duct splitter
plate at the engine face alleviated, but did not eliminate, the
interaction phenomenon.

E-2551

JF-102A Airplane

252. Matranga, Gene J.; and Menard, Joseph A.: Approach
and Landing Investigation at Lift-Drag Ratios of 3 to
4 Utilizing a Delta-Wing Interceptor Airplane. NASA
T™M X-125, October 1959, CASI ID: 19630004018.
PDF CASI

A series of landings was performed with a delta-wing
interceptor airplane, having an average test wing loading of
35 pounds per square foot, to evaluate the effect of landing
at low lift-drag ratios. Landings with peak effective lift-drag
ratios as low as 3.75 were achieved by altering the airplane



configuration. The reduction in lift-drag ratio resulted in an
increase in the pertinent flare parameters. The pilot also flew
several calculated landing patterns which he reported were
easy and comfortable to fly.

253. McKay, James M.: Measurements Obtained During
the First Landing of the X-15 Research Airplane.
NASA TM X-207, October 1959, CASI ID: 19980227362.
PDF CASI

One purpose of the first glide first of the X-15 research
airplane was to evaluate the effectiveness of the landing-gear
system. Some results are presented of the landing-approach
characteristics, the impact period, and the runout phase of the
landing maneuver.

254. Walker, Joseph A.: Some Concepts of Pilot’s
Presentation. OTP-1959, CC-H-149, Presented at the SETP
Symposium, October 8—10, 1959.

Contents include a discussion of the pilot’s instrument
presentation and control system. The X-15 is used as an
example.

255. Finch, Thomas W.: X-15 Flight Test Program and
Significant Flight Results. Scientific Advisory Board Panel
on Aerospace Sciences, October 23, 1959.

256. Day, Richard E.: Training Considerations
During the X-15 Development. NASA
CC-H-157 OTP-1959. Presented to the National Security
Industrial Association Training Advisory Committee Meeting,
Los Angeles, California, November 17, 1959.

This paper reviews briefly some of the early uses of pilot
training aids in research investigations. A pertinent flight
trajectory of the X-15 research airplane is summarized and
the various training aids that have been, and are being, used
in preparing the pilot for flying this trajectory are indicated.

257. *Campbell, George S.; and *Weil, Joseph: The
Interpretation of Nonlinear Pitching Moments in Relation
to the Pitch-Up Problem. NASA TN D-193, December
1959, 89N70901. PDF CASI

Equations are presented for calculating the dynamic behavior
of airplanes having arbitrarily nonlinear aerodynamic
characteristics. Application of the methods derived is
directed toward a study of some of the factors affecting the
severity of pitch-up motions encountered by airplanes having
regions of reduced stability: pitching-moment shape, control
movement, dynamic pressure, airplane moment of inertia,
and aerodynamic damping. Brief consideration is also given
to the effectiveness of automatic stabilization devices in
reducing pitch-up severity.
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*NASA Langley Research Center, Hampton, Virginia.

258. Love, James E.; and Stillwell, Wendell H.: The
Hydrogen-Peroxide Rocket Reaction-Control System for
the X-1B Research Airplane. NASA TN D-185, December
1959, 89N70595. PDF DTRS

A fixed-thrust on-off H?O?-rocket reaction-control system was
installed in the X-1B research airplane as a means of control
at high altitude. The design considerations, fabrication,
installation, and ground testing of this system are described.
The operational characteristics and some problems associated
with system operations are discussed.

Keywords: Engines; Rocket

259. Beeler, De Elroy: The Supersonic Transport. A
Technical Summary. OTP-1959, 1959.

Contents: State of the art - performance. Some noise
problems of the supersonic transport. Structures and materials
problems associated with supersonic transports. Structural
loads on supersonic transports. Flying qualities of supersonic
transports. Runway and braking requirements. Airway traffic
control and operations. Variable geometry for transports.
Effect of variable sweep on structural weight. Possible
performance improvements. Proposed ground-simulation
studies and flight investigation pertinent to the supersonic
transport.

260. Walker, Joseph A.: Piloting Research Aircraft.
OTP-1959, 1959, 87H29770.

This paper cites some examples of control problems gained
from the experience of the author in flying advanced research
and production aircraft at the NACA High-Speed Flight
Station.

1960 Technical Publications

261. Anon.: Aerodynamic and Landing Measurements
Obtained During the First Powered Flight of the North
American X-15 Research Airplane. NASA TM X-269,
January 1960, CASI ID: 19980228350. PDF CASI

The first powered flight of the North American X-15 research
airplane was performed on September 17, 1959. A Mach
number of 2.1 and an altitude of 52,000 feet were attained.
Static and dynamic maneuvers were performed to evaluate
the characteristics of the airplane at subsonic and supersonic
speeds. Data from these maneuvers as well as from the launch
and landing phases are presented, discussed, and compared
with predicted values.



262. Larson, Terry J.; and Washington, Harold P.: Summary
of Rawinsonde Measurements of Temperatures, Pressure
Heights, and Winds Above 50,000 Feet Along a Flight-
Test Range in the Southwestern United States. NASA TN
D-192, January 1960, 89N70968. PDF CASI

Yearly, seasonal, diurnal, and 24-hour variations
of temperatures, pressure heights, and winds in the
100-millibar to 2-millibar pressure range from rawinsonde
data of four stations along a flight-test range in the south
western United States are presented. This range, referred to
as High Range, extends from Edwards, Calif., to Wendover,
Utah, to accommodate flight operations of the X-15 and
other high-performance craft. Comparisons of average
temperatures and pressure heights are made with those of the
U.S. Extension to the ICAO Standard Atmosphere.

Keywords: Atmospheric pressure; Atmospheric temperature;
Pressure gradients; Temperature measurement; Test ranges.

263. Reed, Robert D.: Vertical-Tail Loads Measured in
Flight on Four Airplane Configurations at Transonic
and Supersonic Speeds. NASA TN D-215, February 1960,
89N70902. PDF CASI

Aerodynamic loads were obtained from the X-5 airplane, an
F-100 with a small vertical tail, F-100 with a large vertical
tail, and the X-1E airplane. Effects of sideslip angle, rudder
deflection, and Mach number are presented for trim flight
at altitudes from 40,000 feet to 70,000 feet and at Mach
numbers from 0.70 to 2.08. Comparisons are made with
simple theoretical methods of estimating the loads. Also, the
total directional stability for each airplane as calculated by
use of vertical-tail loads is shown.

Keywords: Aerodynamic loads; Aircraft configurations;
Directional stability; Supersonic speed; Tail assemblies.

264. Walker, Joseph A.: A Pilot’s Look at the X-15
Program. OTP-1960. Presented at the IAS, Texas Section,
Dallas, Texas, April 28-30, 1960.

265. Armstrong, N. A.: X-15 Operations: Electronics and
the Pilot. Astronautics, vol. 5, no. 5, May 1960, pp. 42-43,
76-78.

Electronic equipment figures prominently in X-15 flight and
ground systems, but this hypersonic vehicle is an instrument
of the pilot, depending on him for control and flight success.

266. Bellman, DonaldR.;and Toll, ThomasA.: Aeronautical
Operating Problems —Supersonic Transport. Presented at
the NASA Conference, June 23, 1960.

267. Weil, Joseph; and Matranga, Gene J.: Review of
Techniques Applicable to the Recovery of Lifting
Hypervelocity Vehicles. NASA TM X-67563. Presented at
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the Joint Conference on Lifting Manned Hypervelocity and
Reentry Vehicles, Part 1, pp. 313-328. Langley Research
Center, April 11-14, 1960. Also Scientific Advisory Board,
Boeing, Seattle, Washington, and IAS Symposium on
Recovery of Space Vehicles, Los Angeles, California, August
31-September 1, 1960, (see N72-70963 06-99), 72N70983,
CASI ID: 19720063111. PDF CASI

A general review of piloting problems concerned with the
recovery phase of lifting hypervelocity vehicles is presented.
A short discussion is offered pertinent to the maneuvering
capabilities and piloting techniques applicable to the initial
approach phase of gliders with low lift-drag ratios. The
principal emphasis concerns factors affecting the final
approach and landing operation of these gliders. The results
of general flight studies as well as recent experience obtained
in the approach and landing of the X-15 research airplane are
reviewed. Finally, a definition of the limits of piloted flared
landings is developed.

268. Walker, Harold J.; and Wolowicz, Chester H.:
Theoretical Stability Derivatives for the X-15 Research
Airplane at Supersonic and Hypersonic Speeds Including
a Comparison With Wind-Tunnel Results. NASA TM
X-287, August 1960, 65N24060, #. PDF CASI

The hypersonic small-disturbance theory for lifting surfaces
and the second-order shock-expansion method for bodies of
revolution are employed in conjunction with the results from
slender-body and linear theory to predict the longitudinal
and lateral-directional stability and control derivatives for
angles of attack from 0 degrees to 25 degrees and for Mach
numbers extending well beyond the airplane design limit.
The results are compared with available wind-tunnel data
at Mach numbers from approximately 2 to 7 and with the
limiting values given by Newtonian theory. Good agreement
is obtained for the most part, but several notable differences
are found among the lateral- directional derivatives at high
angles of attack.

269. Holleman, E. C.; and Sadoff, M.: Simulation
Requirements for the Development of Advanced Manned
Military Aircraft. NASA TM X-54672, also presented at the
at the IAS National Meeting, San Diego, California, August
3.1960, 75N72588. PDF CASI

The present state of the art of the piloted flight simulator
leaves no major deterrent to the mechanization of required
simulators for the design of present or future manned
military airplanes. The fixed-base simulator with adequate
presentation and controls is completely satisfactory for the
investigation of a wide range of airplane problems. However,
there are some areas which require some form of motion
stimulus. Other areas remain where simulator requirements
are not yet resolved, but work is continuing to better define
these simulator requirements.



Keywords: Aircraft design; Analog computers; Attack
aircraft; Flight simulators; Military aircraft.

270. Fischel, Jack: The X-15 Flight Research Program
in Relation to the Development of Advance Military
Aircraft. Presented at the IAS National Meeting, San Diego,

California, August 1-3, 1960.

271. Bikle, Paul F.: Initial Remarks About the X-15
Flight Research Program. Presented at the 3rd Annual West
Coast Meeting of American Astronautics Society, Seattle,
Washington, August 9, 1960.

272. Day, Richard E.: Training Aspects of the X-15
Program. In The Training of Astronauts, Report of a
Working Group Conference: Panel on Psychology, Armed
Forces-NRC Committee on Bio-Astronautics, Woods Hole,
Massachusetts, August 29-30, 1960, pp. 5-14, CASI ID:
19620002371, 62N12371. PDF CASI

Various training aids in the development of the X-15 program
are presented. Future flight data obtained in more critical
control areas will afford the unique opportunity to assess the
true value of these training aids for the X-15 and to establish
training requirements for future vehicles.

273. Baker, Thomas F.. Dyna-Soar I—Flight-Data
Objectives. Presented at the IAS Symposium on Recovery
of Space Vehicles, Los Angeles, California, August 31—
September 1, 1960.

274. Nugent, Jack; and Powers, Bruce G.: Flight  Tests
of a Twin-Duct Induction System for a Mach Number
Range of 0.78 to 2.07. NASA TM X-281, September 1960,
CASI ID: 19630004023. PDF CASI

Time histories of several airplane, engine, and induction-
system parameters are presented for maneuvers made at
altitude of 26,000 feet, 40,000 feet, and 55,000 feet over
a Mach number range of 0.78 to 2.07. A time history of a
push-down-turn maneuver at 40,000 feet is also presented.
Comparisons of the data were made to show the effects of
angle of attack. Mach number, altitude, and duct bypass area
on the induction system parameters.

Keywords: Bypasses; Ducts; Flight tests; Intake systems;
Mach number.

275. Weil, Joseph; and Matranga, Gene J.: Review of
Techniques Applicable to the Recovery of Lifting
Hypervelocity Vehicles. NASA TM X-334, September 1960,
CASI ID:19630008116. PDF CASI

A general review of piloting problems concerned with the
recovery phase of lifting hypervelocity vehicles is presented.
A short discussion is offered pertinent to the maneuvering
capabilities and piloting techniques applicable to the initial

67

approach phase of gliders with low lift-drag ratios. The
principal emphasis concerns factors affecting the final
approach and landing operation of these gliders. The results
of general flight studies as well as recent experience obtained
in the approach and landing of the X-15 research airplane are
reviewed. Finally, a definition of the limits of piloted flared
landings is developed.

Keywords: Hypersonic aircraft; Lifting bodies; Lifting
reentry vehicles; X-15 aircraft.

276. Tambor, Ronald: Flight Investigation of the Lift
and Drag Characteristics of a Swept-Wing, Multijet,
Transport-Type Airplane. NASA TN-D-30, (Corrected
Copy), September 1960, CASI ID: 1998022709. PDF CASI

The lift and drag characteristics of a Boeing KC-135 airplane
were determined during maneuvering flight over the Mach
number range from 0.70 to 0.85 for the airplane in the clean
configuration at an altitude of 26,000 feet. Data were also
obtained over the speed range of 130 knots to 160 knots at
9,000 feet for various flap deflections with gear down.

277. Stillwell, W. H.; and Larson, T. J.: Measurement of
the Maximum Speed Attained by the X-15 Airplane
Powered With Interim Rocket Engines. NASA TN D-615,
September 1960, CASI ID: 20040008099. PDF CASI

On August 4, 1960 a flight was made with the X-15 airplane
to achieve the maximum speed possible with two interim
engines. Presented are the details of the techniques utilized to
determine the maximum Mach number (3.31 plus or minus
0.04) and speed (2,196 mph plus or minus 35) attained.

278. Wolowicz, C. H.; Drake, H. M.; Videan, E. N., Morris,
G.J., and Stickle, J. W.: Simulator Investigation of Controls
and Display Required for Terminal Phase of Coplanar,
Orbital Rendezvous. NASA TN D-511, October 1960,
CASI ID: 20040030509. PDF CASI

A simulator study was made of presentations and control
requirements for a manned astrovehicle employed for the
interception of artificial satellites during the terminal phase
of an orbital rendezvous. Two oscilloscope and one direct-
visual-observation presentation and three control modes
were investigated. The study was considered in terms of a
manned interceptor having a home berth at a manned space
station which is in circular orbit 500 miles above the earth.
Interceptions were restricted to coplanar conditions.

279. Stillwell, W. H.; and Larson, T. J.: Measurement of
the Maximum Altitude Attained by the X-15 Airplane
Powered With Interim Rocket Engines. NASA TN D-623,
October 1960, CASI ID: 20040008088. PDF CASI

On August 12, 1960, an X-15 flight was made to achieve



essentially the maximum altitude expected to be possible
with the interim rocket engines. Presented are the details of
the techniques utilized to determine the maximum geometric
altitude of this flight (136,500 ft plus or minus 600).

280. Beeler, De E.: The X-15 Research Program. AGARD
Report 289, Tenth Annual General Assembly of AGARD,
Istanbul, Turkey, October 3-8, 1960.

Brief summary of the research program which led to the
X-15 aircraft, and some of the early flight tests. Includes
flight regimes, mission, research areas, shock-wave patterns
at hypersonic speeds, simulator support, stability derivatives,
control effectiveness derivatives, drag characteristics power-
off, heat transfer, wing temperature station, wing pressure
distribution midspan station, wing loads, maximum speed
and altitude, and damping.

281. *White, R. M.; and Walker, Joseph A.: X-15 Program
Status Report, Parts 1 and 2. Proceedings from SETP
Annual Symposium, Vol. 5, No. 2, October 7, 1960.

Contains a brief resume of four flights leading to, and
including, the maximum speed flight of the X-15 with the
interim engine, then discusses some of the results to date,
and concludes with a summary of the intended flight program
with the design XLR-99 engine.

*Air Force Flight Test Center, Edwards, California.

282. Johnson, Clinton T.: Investigation of the
Characteristics of 6-Foot Drogue-Stabilization Ribbon
Parachutes at High Altitudes and Low Supersonic Speeds.
NASA TM X-448, November 1960, CASI ID: 19630008162.
PDF CASI

Performance data are presented for two types of ribbon
parachutes. The parachutes were forcibly deployed from
an air-launched test vehicle at altitudes from 55,000 feet to
70,000 feet and at Mach numbers between 0.92 and 1.52.
Opening shock, steady-state drag performance, and canopy-
porosity effects are evaluated with respect to Mach number
and dynamic pressure.

283. Smith, Harriet J.: Experimental and Calculated Flow
Fields Produced by Airplanes Flying at Supersonic Speeds.
NASA TN D-621, November 1960, CASI ID: 20040008094.
PDF CASI

Results are presented of a flight investigation conducted
to survey the flow field generated by airplanes flying at
supersonic speeds. The pressure signatures of an F-100, an
F-104, and a B-58 airplane, representing widely varying
configurations, at distances from 120 to 425 feet from the
generating aircraft and at Mach numbers from 1.2 to 1.8 are
shown. Calculations made by using Whitham’s method gave
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good agreement with experimental results. A procedure for
calculating the F(y) function used in Whitham’s method is
also given.

284. Andrews, W. H.; and Holleman, E. C.: Experience
With a Three-Axis Side-Located Controller During a
Static and Centrifuge Simulation of the Piloted Launch of
a Manned Multistage Vehicle. NASA TN D-546, November
1960, CASI ID: 20040047011. PDF CASI

The control problems associated with piloting multistaged
vehicles to orbital conditions were investigated with static
and dynamic simulators. A three-axis controller was used
for primary control. Presented are design details of the
controller, pilot opinions concerning its operation, and other
data pertinent to the design and use of a controller of this

type.

285. Saltzman, Edwin J.: Preliminary Full-Scale Power-
Off Drag of the X-15 Airplane for Mach Numbers From
0.7 to 3.1. NASA TM X-430, December 1960, CASI ID:
19980223586. PDF CASI

These drag data provide preliminary means of appraising
present methods of extrapolating wind-tunnel drag results to
full scale at Mach numbers up to 3. Estimated drag values
based on wind-tunnel measurements are included. Free-
stream Reynolds numbers range from 13.9 x 10 (sup) 6 to
28 x 10 (sup) 6, based on the mean aerodynamic chord.

Keywords: Aerodynamic drag; Airfoil profiles; Mach number;
Supersonic drag; Wind tunnel tests.

286. Holleman, E. C.: Utilization of the Pilot During
Boost Phase of the Step 1 Mission. Presented in the Joint
Conference on Lifting Manned Hypervelocity and Reentry
Vehicles, Part 2, 1960, pp. 261-272, (see N72-71002 06-99),
72N71021. PDF CASI

Some of the capabilities of the human pilot for controlling
the Step I Dyna-Soar launch have been assessed by requiring
the pilot to control the simulated launch. The piloting task
was well within the capability of the human pilot. With only
rudimentary presentation, the pilot could control the launch to
within acceptable limits of the desired velocity and altitude.
As the primary controller of the launch, it is believed that the
pilot can add materially to the reliability and flexibility of the
launch.

287. *Russell, H. G.; *Schofield, B. L.; and Baker, T. F.:
Dyna-Soar Step 1 Flight Test Program.Presented in the
Joint Conference on Lifting Manned Hypervelocity and
Reentry Vehicles, Part 2, 1960, pp. 311-324, (see N72-71002
06-99), 72N71025. PDF CASI

The objectives of the Dyna-Soar project have been stated to



be the development of a piloted, maneuverable, hypersonic
glider capable of a controlled landing following reentry from
orbital flight. The Step I flight-test objectives of Dyna-Soar
are twofold: exploration of the flight regime of the glider and
development of satisfactory subsystems and vehicle.

*Air Force Flight Test Center, Edwards, California.

288. Truszynski,G.M.;and *Lindfors,P.O.:Instrumentation
and Communications Considerations. Presented in its Joint
Conference on Lifting Manned Hypervelocity and Reentry
Vehicles, Part 2, 1960, pp. 325-334, (see N72-71002 06-99),
72N71026. PDF CASI

This paper discusses some of the measurements required
in conducting the investigations, the possible general
approaches to be taken in obtaining these measurements, and
the system planned for the main data acquisition. Finally,
the electromagnetic transmission problem is discussed as it
directly affects the Dyna-Soar Step I tests.

*Air Force Flight Test Center, Edwards, California.

289. Holleman, Euclid C.; Armstrong, Neil A.; and Andrews,
William H.: Utilization of the Pilot in the Launch and
Injection of a Multistage Orbital Vehicle. Presented at the
IAS 28th Annual Meeting, New York, New York, January
25-27, 1960.

The Flight Research Center has conducted fixed-base and
centrifuge simulator programs to investigate the capabilities
of the pilot in providing control and guidance during launch.
For the centrifuge program an attempt was made to minimize
the adverse effects of acceleration on the pilot by designing a
molded seat and three-axis controller that were functionally
independent of acceleration. The effects of staging acceleration
environment on the pilot’s performance were determined to
15g, and the control task associated with two-and four-stage
vehicle launches were investigated.

290. Thompson, Milton O.: Piloting Aspect of Project
ALSOR. For publication in SETP newsletter, 1960.

The ALSOR program is inclined toward providing current
information in a reliable and efficient manner to support the
X-15 program.

291. Crossfield, A. Scott; with Blair, Clay, Jr.: Always
Another Dawn, The Story of a Rocket Test Pilot. The
World Publishing Company, 1960, Reprint Edition 1972 by
Arno Press, Inc. TL540C84 A3.

The autobiography of Scott Crossfield, the first man to fly
faster than Mach 2 and first to fly the X-15 rocket plane.
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1961 Technical Publications

292. Reed, Robert D.; and Watts, Joe D.: Skin and
Structural Temperatures Measured on the X-15 Airplane
During a Flight to a Mach Number of 3.3. NASA TM X-
468, January 1961, CASI ID: 19630004036. PDF CASI

A survey of skin and structural temperatures was obtained on
the X-15 airplane during a flight to a Mach number of 3.3.
Fuselage, wing, horizontal-tail, and vertical-tail temperatures
are presented to show temperature variations on the external
surfaces and temperature differences between the skin and
internal structure. The maximum temperature recorded was
440 °F on an unsupported skin area on the lower vertical tail.
Temperature differences of 400 °F were recorded between
the external skin and internal spar webs on the wing. Local
external temperature differences caused by the heat-sink
effect of the supporting structure were as great as 220 °F.
Temperature indicating paint aided in identifying the location
of areas of concentrated heating on the lower surface of the
wing.

Keywords: Aircraft structures; Fuselages; Heating; High
speed; Mach number.

E-4942

X-15 Launch From a B-52 Airplane

293. Matranga, Gene J.: Launch Characteristics of
the X-15 Research Airplane as Determined in Flight.
NASA TN D-723, February 1961, CASI ID: 20040047146.
PDF CASI

The first 16 air launches of the X-15 airplane demonstrated
the feasibility of air launch from an asymmetric position
under the wing of the B-52 carrier airplane. Use of the



stability augmentation system markedly reduced the launch
transients. Reasonable agreement exists between flight and
predicted data.

294. Holleman, Euclid C.; and Reisert, Donald:
Controllability of the X-15 Research Airplane With
Interim Engines During High-Altitude Flights. NASA
T™ X-514, March 1961, CASI ID: 19630004891.
PDF CASI

A peak geometric altitude of 136,500 feet with a minimum
dynamic pressure of 10.6 1b/sq. ft. was attained with only the
aerodynamic controls available to the pilot for controlling and
stabilizing the airplane. Aerodynamic control was adequate
throughout the flight, but at minimum dynamic pressure the
airplane was lightly damped, which made precise control
difficult. Because of the transient nature of the trajectory
and the negligible load factors associated with the airplane
oscillation, the pilot did not object to the poor dynamic
characteristics of the airplane under these conditions and
could satisfactory control the airplane along the trajectory.

Keywords: Aircraft engines; Controllability; High altitude;
X-15 aircraft.

295. McKay,J.M.;and Scott, B.J.: Landing-Gear Behavior
During Touchdown and Runout for 17 Landings of the
X-15 Research Airplane. NASA TM X-518, March 1961,
63N12563, #. PDF CASI

Data are presented for the pretouchdown conditions, the
impact period, and the runout phase of the landing for vertical
velocities up to 9.5 feet per second and true ground speeds
between 145 knots and 238 knots. The dynamic response of
the airplane during the impact period is presented in the form
of time histories of shock strut force and displacement, main-
gear and nose-gear drag forces, upper-mass acceleration,
horizontal-tail setting, horizontal-tail load, airplane angle of
attack, and pitching velocity. Also included is the variation of
the coefficient of friction of the main-gear skid with ground
speed during the runout of a typical landing.

Keywords: Landing gear; Touchdown; X-15 aircraft.

296. Day, Richard E.: X-15 Simulation and the X-15 Flight
Program. Presented to the National Academy of Sciences,
Panel on Acceleration Stress, ARC, March 11, 1961.

A general discussion of the role played by various simulators
in the development of the X-15 program.

297. Banner, R. D.; and *Kinsler, M. R.: Status of X-15
Aerodynamic-Heating Studies. ARS Paper-1629-61.
Presented at the ARS Missile and Space Vehicle Testing
Conference, Los Angeles, California, March 13-16, 1961
63N15312. PDF CASI
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One of the primary purposes of the X-15 program is to obtain
full-scale aerodynamic-heating information that can be used
to establish the adequacy of current theoretical methods
and model tests. In conjunction with this purpose, a special
flight was performed which maximized the heating rates and
minimized the transient flight conditions. This flight reached
a Mach number of 3.1. Results indicated a reasonable
agreement between measured heat transfer data and simple
theoretical predictions. Boundary-layer-transition data
were obtained which pointed out a continuing problem of
prediction that should probably be treated with conservatism
until more detailed information is obtained.

*North American Aviation, Downey, California.

298. Reisert, Donald; and Adkins, Elmor J.: Flight and
Operational Experiences With Pilot-Operated Reaction
Controls. ARS Paper-1674-61. Presented at the ARS
Missile and Space Vehicle Testing Conference, Los Angeles,
California, March 13-16, 1961.

299. Finch, Thomas W.: X-15 Flight Program. Presented at
The ARS Missile and Space Vehicle Testing Conference, Los
Angeles, California, March 13-16, 1961.

This paper discusses a number of program phases that have
been completed, including the contractor’s flight program
and the Government research program utilizing an interim-
engine configuration giving an indication of its experiences
and a description of future program plans.

300. Taylor, Lawrence W., Jr.; and Smith, John W.: An
Analytical Approach to the Design of an Automatic
Discontinuous Control System. NASA TN D-630, April
1961, CASI ID: 20040006314. PDF CASI

The design of an attitude-stabilization system for a vehicle
experiencing negligible external moments is investigated
analytically. A discontinuous control system employing a
linear switching function and having a neutral zone and time
delays is studied and equations are developed to generalize
and optimize the system’s transient and limit-cycle
performance. Example systems which can minimize power
required, attitude error, and angular-velocity error within a
specified period of operation are included.

301. Kordes, Eldon E.; and Noll, Richard B.: Flight
Experience of Panel Flutter. ARS Lifting Reentry Vehicles,
Structures, Materials, and Design Conference, Palm Springs,
California, April 4-6, 1961.

Presents X-15 panel flutter data and compares with flutter

boundary established by wind tunnel tests.

302. Weil, Joseph: Application of Analytical Techniques
to Flight Evaluations in Critical Control Areas. AGARD



Report No. 369, AGARD Specialist Meeting on Aircraft
Stability and Control, Brussels, Belgium, April 10—14, 1961.

Flight data can be dangerously misleading in the absence
of careful interpretation. This report discusses test results
pertinent to a variety of typical flight-control problem areas
of the current generation of airplanes. The results presented
were obtained from flight investigations of many research
and operational aircraft at the NASA Flight Research Center
over the past 10 years. The report considers basic stability
problems such as pitch-up, roll coupling, and marginal
directional stability. Development of augmentation systems
and control system evaluations are also discussed in some
detail. Throughout the report, the importance of coordinating
flight and similar results are very much stressed and it is shown
that in many areas even the most painstaking interpretation
of flight data can lead to possible disaster if flight tests are
not adequately supported by simulator studies using realistic
stability and control derivatives.

303. Weil, Joseph; and Adkins, E. J.: Review of Selected
X-15 Development and Operating Experiences. Presented
at the ISA Aero-Space Instrumentation Symposium, Dallas,
Texas, April 30-May 4, 1961.

This paper reviews the flight-control simulation experiences
of X-15 systems and components. The roll of simulators and
auxiliary aircraft is discussed, with emphasis on pilot training
and the development of flight procedures necessary to obtain
the maximum research return on the investment.

304. Weil, Joseph; and Adkins, E. J.: Utilization of Aircraft
as Systems and Flight Control Test Beds. Presented at the
ISA Aero-Space Instrumentation Symposium, Dallas, Texas,

May 4. 1961.

305. Taylor, Lawrence W., Jr.; and Day, Richard E.: Flight
Controllability Limits and Related Human Transfer
Functions as Determined From Simulator and Flight
Tests. NASA TN D-746, May 1961, 87H27401. PDF CASI

A simulator study and limited flight tests were performed to
determine the levels of static stability and damping necessary
for pilot control of the pitch, roll, and yaw attitudes of a vehicle
for a the pilot to control the airplane at conditions that were
otherwise uncontrollable. The influence on the controllability
limits of the more important aerodynamic coefficients and
other factors, such as learning and interruption of the pilot’s
display, was also investigated. Information concerning human
transfer functions applicable to marginally controllable tasks
is presented which should aid in assessing the controllability
of any specific configuration.

306. Matranga, Gene J.: Analysis of X-15 Landing
Approach and Flare Characteristics Determined From
the First 30 Flights. NASA TN D-1057, July 1961, CASI
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ID: 19980227282. PDF CASI

This paper presents lift, drag, and angle-of-attack data for
various approach and landing configurations. The conditions
and problems encountered during the approach pattern and
the flare to touchdown are discussed. The value of flight
simulations of the approach and flare maneuvers is assessed.

Keywords: Aerodynamic characteristics; Angle of attack;
Approach; Descent; Drag ratio.

307. Saltzman, Edwin J.: Preliminary Base Pressures
Obtained From the X-15 Airplane at Mach Numbers
From 1.1 to 3.2. NASA TN D-1056, August 1961, CASI ID:
19980227195. PDF CASI

Base pressure measurements have been made on the fuselage,
10 degrees-wedge vertical fin, and side fairing of the X-15
airplane. Data are presented for Mach numbers between 1.1
and 3.2 for both powered and unpowered flight. Comparisons
are made with data for small-scale-model tests, semiempirical
estimates, and theory.

Keywords: Aerodynamic coefficients; Base pressure; Pressure
measurement; Pressure ratio; X-15 aircraft.

308. Jordan, G. H.; McLeod, N. J.; and Ryan, B. M.: Review
of Flight Measurements of Sonic Booms and Effects
of Shock Waves on Other Aircraft. Presented at the 5th
Annual Symposium of the Society of Experimental Test
Pilots, Beverly Hills, California, September 29-30, 1961,
63N81390.

309. Andrews, William H.; Cooney, Thomas V.; and Fischel,
Jack: Contributions from the X-15 Flight Test Program
Relating to Design and Development of the Supersonic
Transport. SETP 62-9686. Presented at the Sth Annual
Symposium of the Society of Experimental Test Pilots,
Beverly Hills, California, September 29—30, 1961.

Discussion of information and experience gained with the
X-15 which is applicable to supersonic transport design, and
of means by which future data may be provided. Extensive
treatment is given to (1) structural heating, including
temperature, temperature gradients, and temperature
effects on structures; (2) structural dynamics, including
a brief resume of flutter experience with the X-15; and
(3) augmentation systems, including fundamental problems
experienced and the reliability of the system. The air-data-
sensing systems employed in the X-15 and the related system-
measurement accuracies obtained are covered. The reliability
of the subsystems and the maintenance of such items as the
environmental control system and the hydraulic system are
discussed. Future programs involving fundamental studies
requiring specialized instrumentation not presently installed
in the X-15 are considered.



310. Taylor, Lawrence W., Jr.: Analysis of a Pilot-Airplane
Lateral Instability Experienced With the X-15 Airplane.
NASATN D-1059, November 1961, CASIID: 19980227835.
PDF CASI

By using an experimentally developed human transfer
function for the pilot and system-analysis methods, the pilot-
airplane lateral instability observed with the X-15 airplane is
analyzed. The methods used adequately explain the lateral-
control problem and can be used to predict the problem. The
calculated area of lateral-control difficulty agreed with that
determined on the X-15 piloted flight simulator and with
flight data.

311. Beeler, De E.: Recent X-15 Flight Results. Flight
Mechanics Panel, Paris, France, November 21-24, 1961.

312. Anon.: Research-Airplane-Committee Report on
Conference on the Progress of the X-15 Project. NASATM
X-57072, 1961, (see N71-75444), 7T1N75443. PDF CASI

This document is a compilation of the papers presented at
the Conference on the Progress of the X-15 Project held
at the NASA Flight Research Center, Edwards Air Force
Base, California, November 20-21, 1961. This conference
was held by the Research Airplane Committee of the U.S.
Air Force, the U.S. Navy, and the National Aeronautics and
Space Administration to report on the technical status of this
research airplane. The papers were presented by members
of the staffs of North American Aviation, Inc.; Aeronautical
Systems Division, U.S. Air Force; Air Force Flight Test
Center; and National Aeronautics and Space Administration.

313. Beeler, D. E.; and Toll, T. A.: Status of X-15 Research
Program. Research-Airplane-Committee  Report on
Conference on the Progress of the X-15 Project, November
20-21, 1961, pp. 1-10, (see N71-75443), 71N75444. PDF
CASI

314. Banner, R. D.; Kuhl, A. E.; and Quinn, R. D.:
Preliminary Results of Aerodynamic Heating Studies
on the X-15. Research-Airplane-Committee Report on
Conference on the Progress of the X-15 Project, 1961, pp.
11-28, (see N71-75443), 71N75445. (see also 341.) PDF
CASI

The results of the preliminary flight heat-transfer studies on the
X-15 airplane are presented, together with a discussion of the
manner in which the data have been obtained, a comparison of
measured and calculated turbulent heat-transfer coefficients,
a correlation of the model test results and the flight results for
turbulent heat transfer; some information on boundary-layer
transition, and a comparison of measured and calculated skin
temperatures at several locations on the airplane.

315. Kordes, Eldon E.; Reed, Robert D.; and *Dawdy, Alpha
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L.: Structural Heating Experiences of the X-15. Research-
Airplane-Committee Report on Conference on the Progress
of the X-15 Project, 1961, pp. 29-45, (see N71-75443),
71N75446. PDF CASI

The expected structural temperatures and their effect on the
development and design of the X-I5 airplane structure have
been described in previous conferences, and Banner, Kuhl,
and Quinn (paper no. 2) have discussed in detail the many
factors affecting the heat input to the structure. The purpose
of the present paper is to show the magnitude of structural
temperatures measured during the flight program and to
describe structural problems that have developed due to
structural heating.

*North American Aviation, Inc., Downey, California.

316. Jordan, G. H.; McLeod, N. J.; and *Guy, L. D.:
Structural Dynamic Experiences of the X-15. Research-
Airplane-Committee Report on Conference on the Progress
of the X-15 Project, 1961, pp. 47-59, (see N71-75443),
7T1N75447. PDF CASI

This paper reviews the structural dynamics problems that
influenced the design of the structure and discusses the
experiences that have been encountered during the flight
tests.

*NASA Langley Research Center, Hampton, Virginia.

317. McKay, J. M.; and Kordes, E. E.: Landing Loads
and Dynamics of the X-15 Airplane. Research-Airplane-
Committee Report on Conference on the Progress of the
X-15 Project, 1961, pp. 61-71, (see N71-75443), 71N75448.
(see also 342.) PDF CASI

Because the landing-gear configuration represents a marked
departure from previously used configurations, the present
paper has been prepared to report on the landing loads
experience of the X-15 A further purpose of this paper is to
review the dynamics of landing and to present results of a
recent theoretical study of the effects of various parameters
on the landing loads.

318. Keener, E. R.; and Pembo, C.: Aerodynamic Forces
on Components of the X-15. Research-Airplane-Committee
Report on Conference on the Progress of the X-15 Project,
1961, pp. 73-82, (see N71-75443), 71N75449. (see also
343.) PDF CASI

An attempt has been made in the flight research program to
verify some of the force measurements with both pressure and
strain-gage measurements. This paper presents a summary of
the flight force data obtained to date. The data are compared
with the wind-tunnel results and with some of the more
familiar theoretical methods and approximations.



319. *Hopkins, E. J.; **Fetterman, D. E., Jr.; and Saltzman,
E. J.: A Comparison of Full-Scale X-15 Lift and Drag
Characteristics with Wind-Tunnel Results and Theory.
Research-Airplane-Committee Report on Conference on the
Progress of the X-15 Project, 1961, pp. 83-98, (see N71-
75443), TINT75450. (see also 344.) PDF CASI

Data on the lift and drag characteristics of the X-15 airplane
obtained in flight are shown to be in agreement with wind-
tunnel-model data for Mach numbers up to 5. Existing
theoretical methods are indicated to be adequate for estimating
the X-15 minimum drag but underestimated the drag due to
lift and overestimated the maximum lift-drag ratio. Two-
dimensional theory is shown to be adequate for predicting
the base pressures behind surfaces having very blunt trailing
edges) such as those on the vertical tail of the X-15.

*NASA Ames Research Center, Moffett Field, California.
**NASA Langley Research Center, Hampton, Virginia.

320. Walker, H. J.; and Wolowicz, C. H.: Stability and
Control Derivative Characteristics of the X-15. Research-
Airplane-Committee Report on Conference on the Progress
of the X-15 Project, 1961, pp. 99-112, (see N71-75443),
TIN75451. (see also 345.) PDF CASI

The flight-determined derivative characteristics are compared
with the predictions from wind-tunnel tests and theory for
Mach numbers extending to 5.5 and angles of attack up to
17 degrees. With few exceptions, the predictions were found
generally to be in good agreement with the flight data. Areas
of deficient stability and control are briefly discussed.

321. *White, R. M.; Robinson, G. H.; and Matranga, G. J.:
Resume of X-15 Handling Qualities. Research-Airplane-
Committee Report on Conference on the Progress of the
X-15 Project, 1961, pp. 113-130, (see N71-75443),
TIN75452. (see also 346) PDF CASI

The handling qualities of the X-15 research airplane have
been assessed from pilot’s opinions, with verification in
many cases by data acquired during flights. Areas of interest
covered are the launch, climbout, ballistic, reentry, and
landing phases of flights made to date.

*Air Force Flight Test Center, Edwards, California.

322. Petersen, F. S.; Rediess, H. A.; and Weil, J.: Lateral
Directional Control Characteristics. Research-Airplane-
Committee Report on Conference on the Progress of the
X-15 Project, 1961, pp. 131-154, (see N71-75443),
TIN75453. (see also 347.) PDF CASI

The deterioration of lateral directional controllability with
roll damper off and the pilot performing a lateral control task
is explained. The problem area was defined by fixed-base
and airborne simulators and verified by closed-loop analysis
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in which a human transfer function represents the pilot. A
parameter which will predict the problem area for the X-15
airplane is developed. The means considered to alleviate the
control problem in the X-15 airplane are also discussed.

323. *Hoey, R. G.; and Day, R. E.: X-15 Mission Planning
and Operational Procedures. Research-Airplane-
Committee Report on Conference on the Progress of the
X-15 Project, 1961, pp. 155-169, (see N71-75443),
71N75454. PDF CASI

The philosophy of the X-I5 flight-test program thus far has
been to expand the flight envelope to the maximum speed
and design altitude as rapidly as practical and simultaneously
to obtain as much detailed research data on the hypersonic
environment as possible. The envelope expansion program
has been performed on an incremental performance basis; that
is, each successive flight is designed to go to a slightly higher
speed or altitude than the previous flight, thus permitting a
reasonable extrapolation of flight-test data from one flight
to the next and also building a backlog of pilot experience.
The mission planning and operational procedures associated
with the program are discussed in this paper. The effect on
flight planning of systems reliability, stability limitations, and
ranging considerations are also discussed. General piloting
techniques and pilot training are mentioned.

*Air Force Flight Test Center, Edwards, California.

324. Taylor, L. W., Jr.; and Merrick, G. B.: X-15 Stability
Augmentation System. Research-Airplane-Committee
Report on Conference on the Progress of the X-15 Project,
1961, pp. 171-182, (see N71-75443), TIN75455. PDF CASI

This paper describes the basic damper system currently
installed in the X-15, discusses some of the problems
encountered during its development and flight testing, and
reviews briefly the system reliability.

325. *Johannes, R. P.; Armstrong, N. A.; and *Hays, T.
C.: Development of X-15 Self-Adaptive Flight-Control
System. Research-Airplane-Committee Reporton Conference
on the Progress of the X-15 Project, 1961, pp. 183194, (see
N71-75443), 7TIN75456. PDF CASI

In-house studies conducted at Wright-Patterson Air Force
Base in 1956 convinced the Flight Control Laboratory,
Aeronautical Systems Division, of the theoretical feasibility
of designing a self-adaptive flight-control system. As the name
implies, such a system would automatically adapt itself in
order to provide essentially constant damping and frequency
of the aircraft in combination with the control system as the
vehicle encountered flight conditions of varying aerodynamic
control-surface effectiveness. To this end a number of study
contracts were awarded in 1957 which soon led to flight-test
programs testing adaptive concepts in F-94 airplanes by the



Massachusetts Institute of Technology and the Minneapolis
Honeywell Regulator Company. Minneapolis-Honeywell
continued this effort with a company funded flight-test
program for testing the system in an F-101A airplane.

* Aeronautical Systems Division, U.S. Air Force.

326. *Mace, W. D.; and Ball, J. L.: Flight Characteristics
of X-15 Hypersonic Flow-Direction Sensor. Research-
Airplane-Committee Report on Conference on the Progress
of the X-15 Project, 1961, pp. 195-201, (see N71-75443),
71N75457. PDF CASI

The purpose of this paper is to discuss the experience that has
been obtained through the use of the nulling ball-nose flow
direction sensor during flight testing of the airplane.

*NASA Langley Research Center, Hampton, Virginia.

327. *Leiby, R. G.; Bellman, D. R.; and DeMar, N. E.:
XLR9Y9 Engine Operating Experience. Research-Airplane-
Committee Report on Conference on the Progress of the
X-15 Project, 1961, pp. 215-226, (see N71-75443),
71N75459. PDF CASI

XLR99-RM-1 rocket engine, which was developed
specifically for the X-15 airplane, is the largest rocket engine
designed from the outset for use in a manned vehicle to
be completely controlled by the crew. In order to provide
the desired safety and controllability required by the X-15
mission, many unique features were included in the design.
Delays in the development of the engine required that the
initial X-15 flights be made with an interim engine. However,
the first flight with the XLLR99 was made in November 1960,
and the engine has been used in government flight operations
since February 1961. Since the first flight, fifteen flights have
been made with the XLR99. This paper summarizes the
XLR99 operating experience during the flight program.

*Air Force Flight Test Center, Edwards AFB, California.

328. *Rowen, B.; *Richardson, R. N.; and Layton, G. P., Jr.:
Bioastronautics Support of the X-15 Program. Research-
Airplane-Committee Report on Conference on the Progress
of the X-15 Project, 1961, pp. 255-264, (see N71-75443),
71N75461. PDF CASI

The techniques of air-to-ground telemetry have been used
in research aircraft testing since the start of the X-I program
in 1946. It became apparent during the development of the
X-type research aircraft that personnel responsible for
aerospace medical support of the pilot were not taking full
advantage of the progress in telemetry systems to monitor for
medical purposes the pilot and his environment during flight.
One of the research objectives of the X-15 program is to
obtain the pilot’s physiological response to flight at increased
speed and altitude. This objective is accomplished with the
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pilot wearing a full pressure suit; therefore, this garment
and biomedical data acquisition equipment, techniques, and
results are discussed in this paper.

*Air Force Flight Test Center, Edwards AFB, California.

329. Love,J. E.; and Palmer, J. R.: Operational Reliability
Experiences with the X-15 Aircraft. Research-Airplane-
Committee Report on Conference on the Progress of the
X-15 Project, 1961, pp. 277-287, (see N71-75443),
71N75463. PDF CASI

It is the purpose of this paper to describe a comprehensive
picture of X-15 operational reliability. The curves and text
presented are based on actual parts failure records, flight logs,
and the daily repair work sheets. It is therefore not only a
picture of the reliability with regard to safety in flight, but
also in view of ground preparation time and cost. Repeated
system and component failures have resulted in many costly
delays.

330. Walker, J. A.: A Pilot’s Impression of the
X-15 Program. Research-Airplane-Committee Report on
Conference on the Progress of the X-15 Project, 1961, pp.
303-312, (see N71-75443), TIN75465. PDF CASI

It is the intent of this paper to be critical of the X-15 because
of its deficiencies or problems. It should rather be kept in
mind that many compromises had to be accepted in the design
of the X-15 to get on the job, and rightly so, because there are
some questions which still have not been resolved.

331. Bikle, P. F.; and *Pezda, E. F.: Future Plans for the
X-15. Research-Airplane-Committee Report on Conference
on the Progress of the X-15 Project, 1961, pp. 329-333, (see
N71-75443), 7TIN75467. PDF CASI

This third X-15 conference has given us an opportunity to
review and evaluate, in considerable detail, the progress that
has been achieved in the flight research program to date.
Figures 1 and 2 have been selected as a summary of the
areas thus far explored. Similar results have been discussed
in detail in the papers presented. Although it is not possible,
in any one or two figures, to show the desired information
for all the varied areas of interest in the program, these plots
of altitude and angle of attack against velocity do represent
two of the many parameters of interest, and the shaded areas
demonstrate roughly the progress that has been made. It
appears that most of the work originally planned is nearly
completed, with perhaps 50 percent of the aerodynamics,
structures, heating, and bioastronautics information already
obtained.

*Aeronautical Systems Division, U.S. Air Force.
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332. Yancey, R. B.; Rediess, H. A.; and Robinson, G. H.:
Aerodynamic-Derivative Characteristics of the X-15
Research Airplane as Determined From Flight Tests
for Mach Numbers from 0.6 to 3.4. Wolowicz, C. H.:
Appendix A-Approximate Equations for Determining C
sub n sub Beta, C sub 1 sub Beta, and (C subn subr-C
sub n sub derivative of Beta). NASA TN D-1060, January
1962, 62N10089, #. PDF CASI

Lateral, directional, and longitudinal stability and
control derivatives are determined from flight tests of the
X-15 airplane with the low-power LR11 rocket engine.
Approximate relationships are developed for determining the
derivatives C sub n sub Beta, C sub I sub Beta, and (C sub n
sub r - C sub n sub derivative of Beta) and for isolating the
effects of stability augmentation. Wind-tunnel predictions are
compared with the flight-determined derivatives.

Keywords: Aircraft control; Approximation; Flight tests;
Stability; Subsonic speed; X-15 aircraft.

333. Kordes, Eldon E.; and Noll, Richard B.: Theoretical
Flutter Analysis of Flat Rectangular Panels in Uniform
Coplanar Flow with Arbitrary Direction. NASA TN
D-1156, January 1962, 62N10092, #. PDF CASI

Numerical calculations show that small variations in flow
direction have a marked effect on the flutter of simply
supported rectangular panels. The results of the calculations
also show that the critical flutter mode changes at small flow
angles when the length-width ratio is less than 1. Flutter
conditions for a given panel at different flow angles can be
compared on a common basis by use of a dynamic-pressure-
parameter ratio referenced to flow conditions of an aligned
panel.

Keywords: Computation; Flutter analysis; Panel flutter;
Planar structures; Rectangular panels.

334. Roman, James A.: Biomedical Monitoring In-Flight.
Lectures in Aerospace Medicine, School of Aerospace
Medicine, Aerospace Medical Division, Brooks AFB, Texas,
January 8-12, 1962, pp. 97-114, 62N14203.

335. Kordes, Eldon E.; and Noll, Richard B.: Flight Flutter
Results for Flat Rectangular Panels. NASA TN D-1058,
February 1962, 62N10043, #. PDF CASI

Panel-flutter data obtained from several different aircraft
during supersonic flight are presented and compared with
a previously established flutter boundary based on results
from wind-tunnel tests. The flight data were obtained for
rectangular panels aligned with the flow and for rectangular
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panels swept at 52 degrees. Some results of a flutter analysis
of swept, flat, rectangular panels are presented and used
to compare the flight results with the flutter boundary for
aligned panels.

336. Bellman, Donald R.; and Washington, Harold P.:
Preliminary Performance Analysis of Air Launching
Manned Orbital Vehicles. NASA TM X-636, H-229,
February 1962, 72N71616. PDF DTRS

A preliminary performance analysis was made to determine
the capability of large subsonic and supersonic bombers for
air launching manned hypersonic and satellite vehicles. The
bombers considered now exist or are being developed in the
United States. Four booster configurations were used in the
calculations, with a winged vehicle of the Dyna-Soar type as
the payload. Comparisons were made on the basis of vacuum
specific impulse, burnout velocity, ratio of payload weight to
launch-package gross weight, and structural weight.

Keywords: Air launching; Bomber aircraft; Hypersonic
vehicles; Manned spacecraft.

337. Taylor, Lawrence W., Jr.; and *Merrick, G. B.: X-15
Airplane Stability Augmentation System. NASA TN
D-1157, March 1962, 62N10587, 87H27604, #. PDF CASI

The basic damper system currently installed in the airplane
is described. Some of the problems encountered during the
development and flight testing of the system are discussed,
and the reliability of the system is reviewed briefly.

Keywords: Dampers; Stability; Stability augmentation; X-15
aircraft.

*North American Aviation, Inc., Inglewood, California.

338. Jordan, Gareth H.; McLeod, Norman J.; and Guy,
Lawrence D.: Structural Dynamics Experiences of the
X-15 Airplane. NASA TN D-1158, March 1962, 62N 10586,
#. PDF CASI

The structural dynamic problems anticipated during the
design of the X-15 airplane are reviewed briefly, and the
actual flight experiences with the airplane are described. The
noise environment, acoustic fatigue problems, and panel-
flutter experiences are discussed. Where these problems led
to structural modifications, the modifications are described.

Keywords: Buffeting; Dynamic response; Dynamic structural
analysis; X-15 aircraft.

339. Hoey, Robert G.; and Day, Richard E.. Mission
Planning and Operational Procedures for the X-15
Airplane. NASA TN D-1159, March 1962, 62N10585, #.
PDF CASI



Mission-planning methods and techniques used for the
X-15 airplane envelope-expansion flight-test program are
discussed. Use of the six-degree-of-freedom, ground-based
simulator is indicated for prediction of performance, stability
and controllability; development of piloting techniques and
pilot training; evaluation of, and practice for, all possible
emergency conditions; and energy management development.
Other pilot-training devices and the role of the ground-
monitoring station are also described. Predicted trajectory
data and actual flight results are compared. The initial reasons
and the final justifications for conducting the X-15 envelope
expansion by performance increment are presented.

Keywords: Flight tests; Mission planning; Operational
problems; Reliability; Trajectories; X-15 aircraft.

*Air Force Flight Test Center, Edwards, California.

340. McLeod, Norman J. Flight-Determined
Aerodynamic-Noise Environment of an Airplane Nose
Cone Up to a Mach Number of 2. NASA TN D-1160,
March 1962, 62N10644, #. PDF CASI

The aerodynamic-noise environment was measured at one
point on the surface of a 24.5 degrees included-angle cone
and at three internal positions. The data were obtained in
flight for Mach numbers from 0.8 to 2, free-stream dynamic
pressures from approximately 200 Ib sq ft to 1,000 1b sq ft,
and at altitudes of about 26,000 feet and 40,000 feet. The
over-all noise levels and spectrum analysis of representative
selected data are presented.

341. Matranga, Gene J.; Dana, William H.; and Armstrong,
Neil A.: Flight Simulated Off-the-Pad Escape and Landing
Maneuvers for a Vertically Launched Hypersonic Glider.
NASA TM X-637, March 1962, 66N33330, #. PDF CASI

A series of subsonic maneuvers was flown with an airplane
having a maximum lift-drag ratio of 4.7. No particularly
difficult piloting or maneuvering problems were encountered.
A reduction of the pilot’s visibility from the cockpit did
not appreciably impair his navigation capabilities, but did
adversely affect his performance of the escape and landing
maneuvers.

Keywords: Flight simulation; Hypersonic gliders; Landing
simulation; Launching pads; Pilot performance.

342. Banner, Richard D.; Kuhl, Albert E.; and Quinn, Robert
D.: Preliminary Results of Aerodynamic Heating Studies
on the X-15 Airplane. NASA TM X-638, March 1962,
66N29468, #. (see also 313.) PDF CASI

The results of the preliminary flight heat-transfer studies on the
X-15 airplane are presented, together with a discussion of the
manner in which the data have been obtained, a comparison of
measured and calculated turbulent heat-transfer coefficients,
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a correlation of the model test results and the flight results for
turbulent heat transfer, some information on boundary-layer
transition, and a comparison of measured and calculated skin
temperatures at several locations on the airplane.

343. McKay, James M.; and Kordes, Eldon E.: Landing
Loads and Dynamics of the X-15 Airplane. NASA TM
X-639, March 1962, 63N12564, 87H26336, #. (see also 313.)
PDF CASI

The loads, accelerations, and displacements of the X-15
airplane and landing-gear system measured during landing
impact are discussed. The measured quantities are related to
the initial touchdown conditions and are compared with data
from atheoretical analysis to determine the effects of variations
in such parameters as elevator position, skid coefficient of
friction, main-gear location, and initial touchdown conditions
beyond the range of the experimental data.

Keywords: Acceleration; Displacement; Impact; Landing;
Landing gear.

344. Keener, Earl R.; and Pembo, Chris: Aerodynamic
Forces on Components of the X-15 Airplane. NASA
™ X-712, March 1962, 65N23920, #. (see also 317.)
PDF CASI

Aerodynamic force data on the components of the X-15
airplane have been obtained by both pressure and strain-gage
measurements in flights covering a Mach number range up to
6.04, altitudes up to about 217,000 feet, and angles of attack
up to 15 degrees. Comparison of the flight data with wind-
tunnel data shows generally good agreement for the flight
conditions covered.

Keywords: Aerodynamic forces; Strain gages; X-15 aircraft.

345. Hopkins, Edward J.; Fetterman, David E. Jr.; and
Saltzman, Edwin J.: Comparison of Full-Scale Lift and
Drag Characteristics of the X-15 Airplane With Wind-
Tunnel Results and Theory. NASA TM X-713, March
1962, 65N23921. (see also 318.) PDF CASI

Comparisons are made between the minimum drag
characteristics of the full-scale X-15 airplane and wind-
tunnel model data and theory extrapolated to flight Reynolds
numbers for Mach numbers of 2.5 and 3.0. Similar
comparisons are made for drag due to lift and maximum lift-
drag ratio for Mach numbers up to about 5. Speed-brake drag
and base-drag results are presented up to Mach numbers of
5.5 and 6, respectively.

Keywords: Aerodynamic drag; Drag; Lift; Scale models;
Wind tunnel models.

346. Walker, Harold J.; and Wolowicz, Chester H.: Stability
and Control Derivative Characteristics of the X-15



Airplane. NASA TM X-714, March 1962, 65N23922, #. (see
also 319.) PDF CASI

The flight-determined derivative characteristics are compared
with the predictions from wind-tunnel tests and theory for
Mach numbers extending to 5.5 and angles of attack up to
17 degrees. With few exceptions, the predictions were found
generally to be in good agreement with the flight data. Areas
of deficient stability and control are briefly discussed.

Keywords: Derivation; In-flight monitoring; Measuring
instruments; Stability; X-15 aircraft.

347. *White, Robert M.; Robinson, Glenn H.; and Matranga,
Gene J.: Resume of Handling Qualities of the X-15
Airplane. NASATM X-715, March 1962, 65N23923, #. (see
also 320.) PDF CASI

A summary of handling qualities is presented as assessed
from pilot opinion and flight data. Segments of the flight
profile which were evaluated include the launch, climbout,
semiballistic flight, atmosphere entry, and landing.
Longitudinal controllability is compared with results from
current studies of reentry-type vehicles.

Keywords:  Aircraft  control;  Atmospheric
Controllability; Flight characteristics; Launching.

entry;

*Air Force Flight Test Center, Edwards AFB, California.

348. Petersen, Forrest S.; Rediess, Herman A.; and
Weil, Joseph: Lateral-Directional Control of the X-15
Airplane. NASA TM X-726, March 1962, 65N23924, #.
(see also 321.) PDF CASI

The deterioration of lateral-directional controllability with
roll damper off and the pilot performing a lateral-control task
is discussed. The problem area was defined by fixed-base
and airborne simulators and verified by closed-loop analysis
in which a human transfer function represents the pilot. A
parameter which predicts the problem area for the X-15
airplane is developed. The means considered to alleviate the
control problem in the X-15 airplane are also discussed.

Keywords: Directional control; Directional stability; Lateral
control; Lateral stability; X-15 aircraft.

349. Taylor, Lawrence W., Jr.; Samuels, James L.; and
Smith, John W.: Simulator Investigation of the Control
Requirements of a Typical Hypersonic Glider. NASA TM
X-635, H-226, March 1962, 72N71506.

The handling qualities of a typical hypersonic glider were
investigated with a flight simulator at Mach numbers of 0.26,
1.0, 3.5, 8, and 20 over an angle-of-attack range of 0° to 50°.
Inasmuch as flight conditions influencing the control of the
glider can be expected to change relatively slowly, a five-
degree-of-freedom mechanization was used. Pilots assessed
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the controllability of the glider without augmentation with
fixed gain dampers, and with an adaptive control system. The
investigation was limited to aerodynamic control.

Keywords: Angle of attack; Damping; Flight control; Flight
simulators; Hypersonic gliders.

350. Kordes, Eldon E.; Reed, Robert D.; and Dawdy,
Alpha L.: Structural Heating Experiences on the X-15
Airplanes. NASA TM X-711. Prepared in cooperation with
North American Aviation, Inc., Inglewood, California, March
1962, 71N75350.

A survey of maximum structural temperatures measured on
the X-15 airplane during speed flights up to a Mach number of
6 is presented. Structural problems caused by local hot spots
and discontinuities are described. Structural modifications in
the affected areas to eliminate the problems are discussed.

Keywords: Heating; Hypersonic speed; Supersonic speed;
X-15 aircraft.

351. Walker, J. A.: The X-15 Program. Presented at The
Institute of Aerospace Sciences meeting, St. Louis, Missouri,
April 30-May 2, 1962, 62N 12923, #. PDF CASI

The high-temperature structural design approach utilized for
the X-15 configuration has been successful; no major design
deficiencies were encountered nor major modifications
required. With but few exceptions, the local thermal problems
encountered have not affected primary structural areas. In
general, the aerodynamic derivatives extracted from flight-
test data have confirmed the estimated derivatives obtained
from wind-tunnel evaluations at hypersonic speeds. The
aerodynamic flight control system and the simple stability
augmentation system of the X-15 airplane have proved to
be good technical designs. The airplane can be flown with
satisfactory handling qualities through the range of dynamic
pressures from about 1,500 Ib/sq ft to below 100 Ib/sq ft
through the range of Mach numbers from 6.0 to subsonic
landing conditions. Although only limited flight experience
has been gained with the reaction control system, its basic
design appears to be completely adequate. This type of system
apparently provides an adequate means of attitude control
for future space vehicles. Pilot transition from aerodynamic
controls to reaction controls has been accomplished without
problems.

352. Drake, H. M.: Crew Safety and Survival Aspects of
the Lunar-Landing Mission. Presented at The Institute of
Aerospace Sciences meeting, Meeting on Man’s Progress in
the Conquest of Space, St. Louis, Missouri, April 30-May 2,
1962, 62N12866, #. PDF CASI

Some of the safety and survival aspects of the manned lunar-
landing mission are examined. The conditions requiring abort
to the earth, lunar orbit, and lunar surface are determined.



Some of the possible design requirements to permit abort to
lunar orbit or surface are indicated. Lunar orbital and surface
survival kits are described, and the stationing of such kits in
lunar orbit and at the intended landing site is proposed.

353. Weil, Joseph: Review of the X-15 Program. NASA
TN D-1278, June 1962, 62N13289, #. PDF CASI

The X-15 project is reviewed from its inception in 1954
through 1961. Some of the more important historical aspects
of the program are noted, but major emphasis is placed on the
significant research results.

Keywords:  Aerodynamics;  Aeronautics;

Simplification; Stability.

Experience;

354. *Fichter, W. B.; and Kordes, E. E.: Response of
Multiweb Beams to Static and Dynamic Loading. NASA
TN D-1258, May 1962, 62N11650, #. PDF CASI

Measured cover stresses are presented for four multiweb
beams subjected to static uniform loading and four
corresponding beams subjected to transient uniform loading.
Elementary beam theory more accurately predicted the
bending stresses due to static loading than those due to transient
loading. Timoshenko beam theory offered no improvement
over elementary theory for the one beam considered. Results
for one specimen indicate that dynamic effects on the strength
of multiweb beams can be appreciable.

*NASA Langley Research Center, Hampton, Virginia.

355. Drake, H. M.: Survey of FRC Recovery Research.
Presented to Meeting on Space Vehicle Landing and Recovery
Research and Technology, (see N73-70937 04-99), July 11,
1962, 73N70943. PDF CASI

The FRC has completed development and proof tests of two
drogue chute systems, one for the Mercury capsule and the
second for the B-58 escape capsule. Both programs utilized
the F-104A airplane which is capable of launching up to
1500 pounds weight at Mach numbers up to 2 at altitudes
between 30,000 and 50,000 feet.

356. Horton, V. W.: Manned Paraglider Flight Tests.
Presented to Meeting on Space Vehicle Landing and Recovery
Research and Technology, (see N73-70937 04-99), July 11,
1962, 73N70944. PDF CASI

The current interest in utilizing the paraglider concept as
a means of effecting a soft landing for the Gemini capsule
prompted the Flight Research Center to design and construct
a manned paraglider vehicle with which to conduct a limited
qualitative research program. The primary objective of the
flight test program is to demonstrate the approach, flare and
landing capability of a paraglider vehicle with a high wing
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loading (W/S =7 psf) and a low L/D (L/D = 2.5).

357. Armstrong, Neil A.; and Holleman, Euclid C.: A
Review of In-Flight Simulation Pertinent to Piloted Space
Vehicles. AGARD Report 403, 21st Flight Mechanics Panel
Meeting, Paris, France, July 9—11, 1962.

This paper shows how the environment of actual flight may be
used to simulate many phases of manned space exploration.
A number of simulations using conventional, modified, and
specially built aircraft are discussed in relation to the portion
of space flight to which they are generally applicable, that is,
the launch, orbital, entry, or the landing approach phase.

358. Holleman, Euclid C.; and Armstrong, Neil A.: Pilot
Utilization During Boost. Presented at the Inter-Center
Technical Conference on Control Guidance and Navigation
Research for Manned Lunar Missions, Ames Research Center,
Moffett Field, California, July 24-25, 1962, 63X14567.

The capabilities of the pilot as the controller of an aircraft
have been well documented, but relatively few investigators
have considered the use of the pilot as the primary controller
of a vertical launch vehicle. This role in the launch of a
multistage vehicle has received increased interest recently.
Figure 1 summarizes the studies in this area made to date. Of
necessity, these programs utilized simulators to represent the
launch vehicle. Some investigators used a human centrifuge
to simulate the acceleration representative of these vehicles.

359. Taylor, Lawrence W., Jr.; and Adkins, Elmor J.: Recent
X-15 Flight Test Experience With the MH-96 Adaptive
Control System. Presented at the Inter-Center Technical
Conference on Control Guidance and Navigation Research
for Manned Lunar Missions, Ames Research Center, Moffett
Field, California, July 24-25, 1962.

360. Matranga, Gene J.; and Bellman, Donald R.: Concept
of a Free-Flying Lunar Landing and Take-Off Research
Vehicle. Presented at the Inter-Center Technical Conference
on Control Guidance and Navigation Research for Manned
Lunar Missions, Ames Research Center, Moffett Field,
California, July 24-25, 1962.

361. Layton, Garrison P.; and Thompson, Milton O.:
Summary of Low-Speed Paraglider Flight Investigations.
Part 1, Performance and Control Characteristics, Part 2,
Flare and Landing. Presented at the Inter-Center Technical
Conference on Control Guidance and Navigation Research
for Manned Lunar Missions, Ames Research Center, July
24-25, 1962.

362. Kordes, Eldon E.. Experience With the X-15
Airplane in Relation to Problems of Reentry Vehicles.
Presented at the 3rd Congress of the International Council
of the Aeronautical Sciences, Stockholm, Sweden, August



27-September 1, 1962. 62N12630.

This paper discusses some of the results obtained from
the flight program of the X-15 research airplane that have
application to the design philosophy of future glide reentry
vehicles. Experiences in the areas of panel flutter, landing
dynamics, flight control systems, and aerodynamic and
structural heating are described; and some of the problems
that have developed are discussed briefly. A bibliography of
papers published on the X-15 flight program is included.

363. Walker, J. A.: I Fly the X-15. National Geographic,
Vol. 122, No. 3, September 1962, pp. 428—450.

364. Armstrong, N. A.; Walker, J. A.; Petersen, F. S.; and
White, R. M.: The X-15 Flight Program. NASA Proceedings
of the Second National Conference on the Peaceful Uses of
Space, Seattle, Washington, May 8-10, 1962, November
1962, pp. 263-271, 63N11158. PDF CASI

This paper reviews the philosophy of the X-15 airplane,
describes its concept in operation, and prophesies its future.
The X-15 was the first design to require rocket reaction
control within its design envelope. The flight and landing
of the X-15 are reviewed. Some of the follow-on uses of
the X-15 include guidance-instrument experiments. precise
determination of atmospheric density at extreme altitude,
measurement of size and quantity of micrometeorites in near
space, and determination of the intensity of ultraviolet and
infrared rays in near space.

365. Veatch, Donald W.: X-20 Instrumentation Sensors.
NASA-TM-X-70063. Presented at the X-20A (Dyna-Soar)
Symposium, November 5-7, 1962, 74N74257.

366. Martin,J. A.: The Record-Setting Research Airplanes.
Reproduced from Aerospace Engineering, Vol. 21, No. 12,
December 1962, pp. 49-54, 63N13571. PDF CASI

The first compilation of all available data on the unofficial
records of the rocket airplanes is presented. The maximum
Mach number, true velocity, and the altitude obtained by the
X-1-1, D-558-I1, X-1A, X-2, and X-15 airplanes are given
in tabular form. Also, the physical characteristics of these
airplanes are given and include wing spans, wing sweep,
launch weight, and landing weight.

367. Tremant, R. A.. Operational Experiences and
Characteristics of the X-15 Flight Control System. NASA
TN D-1402, December 1962, 63N11123, #. PDF CASI

X-15 flight and simulator experiences with the manual flight
control and stability augmentation system for the period from
December 1958 to January 1962 are presented. The flight
data extend to a Mach number of 6.04 and an altitude of
217,000 feet, and the simulator data cover the design flight

79

envelope. The characteristics of the manual flight control
system and the stability augmentation system are discussed,
in conjunction with pilot evaluation, operational problems,
modifications, and reliability. Pertinent X-15 flight history is
included.

Keywords: Flight control; High altitude; Hypersonic aircraft;
Mach number; Stability.

1963 Technical Publications

368. Horton, V. W.; and Messing, W. E.: Some Operational
Aspects of Using a High-Performance Airplane as a First-
Stage Booster for Air-Launching Solid-Fuel Sounding
Rockets. NASA TN D-1279, January 1963, 63N12192, #.
PDF DTRS

Five test vehicles were air-launched from an F-104A airplane
to investigate some of the operational aspects and the
practicability of using the energy input of the airplane as a
first-stage booster for sounding rockets. A launch maneuver
and launcher system were developed and matched to the
airplane’s capabilities so that suitable repeatability of launch
parameters was attained.

Keywords: Air launching; Aircraft performance; Boosters;
F-104 aircraft; Rocket engines; Solid propellant rocket
engines; Sounding rockets

369. Larson, T. J.; and Webb, L. D.: Calibrations and
Comparisons of Pressure-Airspeed-Altitude Systems of
the X-15 Airplane From Subsonic to High Supersonic
Speeds. NASA TN D-1724, February 1963, 63N12951, #.
PDF DTRS

The X-15 flight calibration data to define static-pressure
position errors are presented for two types of pressure-sensing
configurations: a standard NACA pitot-static tube attached to a
nose boom, and two manifolded flush static-pressure ports on
the ogive nose. The position-error calibrations are presented
up to M = 3.31 for the standard nose boom installation and
up to M = 4 for the flush static system. Presented also are
stagnation-pressure errors sensed by a pitot probe ahead of
the canopy. Methods used to determine the position errors
are described. The nose-boom configuration is shown to be
superior from the standpoint of position error and ease of
calibration for the available data range.

Keywords: Airspeed; Altimeters; Angle of attack; Calibrating;
Ogives; Position errors; Rawinsondes; Stagnation pressure;
Static pressure; Subsonic speed; Supersonic speed; X-15
aircraft

370. Holleman, Euclid C.; and Wilson, Warren, S.: Flight-
Simulator Requirements for High-Performance Aircraft
Based on X-15 Experience. ASME Paper 63-AHGT-81.



Presented at the ASME Aviation and Space, Hydraulics, and
Gas Turbine Conference and Products Show, Los Angeles,
California, March 3-7, 1963, 63A17579.

Review of the simulation experience acquired during the
design and flight testing of the X-15 research airplane.
Discussed are the problems encountered and the use of
simulators in their solution, with particular reference to
the X-15 fixed-base simulator. Simulator techniques which
may be used in the supersonic-transport program, such as a
variable-stability airborne simulator, are suggested.

371. Row, Perry V.; and Fischel, Jack: Operational Flight-
Test Experience With the X-15 Airplane. AIAA Paper
63-075. Presented at the AIAA Space Flight Testing
Conference, Cocoa Beach, Florida, March 18-20, 1963,
63A15995. PDF AIAA

Review of the experience of the NASA Flight Research
Center in coping with the problems of component and system
checkout and operational flight procedures in an advanced
flight research program. The operational evolution of the most
troublesome and the most important systems on the North
American X-15 is discussed, and operational and research
data are presented. Procedures now being utilized and those
that will be applied to newer systems are also discussed. The
use of a flight simulator to check out several flight systems and
to practice normal and emergency operational procedures is
assessed. Finally, the flight operational techniques evolved for
ground monitoring of flight systems data and flight-trajectory
information to provide pilot backup support are described.
Evidence is introduced to show how these techniques have
facilitated the rapid expansion of the flight envelope and have
aided in achievement of research objectives.

372. Layton, G. P, Jr.; and Thompson, M. O.: Preliminary
Flight Evaluation of Two Unpowered Manned
Paragliders. NASA TN D-1826, April 1963, 63N14429, #.
PDF CASI

Towed and free-flight tests were made with unpowered,
manned paragliders to study the performance, stability, and
control characteristics of a typical paraglider. The paragliders
used had maximum lift-drag ratios greater than 3.5 and wing
loadings of approximately 4.0 1b/sq ft. The airspeed range was
limited by the rearward center-of-pressure shift at angles of
attack above and below trim angle of attack. Performance data
obtained from flight tests are presented and compared with
analytical results. Center-of-gravity shift, accomplished by
tilting the wing relative to the fuselage, was used for control.
This method of control was adequate for towed and free flight
as well as for flare and landing. The pilot’s evaluation of the
vehicle’s handling qualities, and a discussion of development
problems are presented.

Keywords: Flight tests; Paragliders; Towed bodies
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373. Walker, J. A.; and Weil, J.: The X-15 Program.
Proceedings of AIAA 2nd Manned Space Flight Meeting,
AD-400711, April 22-24, 1963, pp. 295-307, 63A19019,
63N23237. PDF CASI

Review of the important operational problems encountered
in the flights of the North American X-15 aircraft. The
history of the project is considered, outlining the design
development and the flight tests, including aerodynamic
configurations, mode of operation, flight program, and
performance. Summarized is the operational experience,
such as the structural and thermostructural problems, and
the rocket engines, auxiliary-power-unit, and the control and
guidance systems experience. The piloting aspects of the
X-15 mission are described, including the boost, entry, and
landing techniques.

374. Noll, R. B.; and Halasey, R. L.: Theoretical
Investigation of the Slideout Dynamics of a Vehicle
Equipped With a Tricycle Skid-Landing-Gear System.
NASA TN D-1828, May 1963, 63N16298, #. PDF DTRS

The equations-of-motion for the slideout of a vehicle equipped
with a tricycle skid-type landing-gear system are presented
and reduced to three degrees of freedom. A comparison of
the results of numerical calculations for the three-degree-of-
freedom slideout of the X-15 research vehicle with flight-test
results shows that the theoretical analysis of the slideout can
adequately predict the slideout distance, the direction of lateral
displacement, and the approximate lateral displacement. A
numerical study of the slideout equations indicates that the
velocity at which the aerodynamic influence on the vehicle
becomes negligible can be predicted.

Keywords: Comparison; Controllability; Equations of motion;
Landing gear; Skid landings; Spacecraft; X-15 aircraft

375. Ferguson, T. J.: Flight Research Center
Instrumentation Program. NASA Goddard Space Flight
Center Proceedings of the Optical Communications and
Tracking Symposium, (see N68-84351), June 1963,
68N84355.

376. Row, Perry V.; and Fischel, Jack: X-15 Flight
Experience. Astronautics and Aerospace Engineering, Vol.
1, June 1963, pp. 25-32, 63A17556.

Survey of the operational aspects of the X-15 aircraft
development program. Discussed are the major structural
problems encountered, such as landing-gear overloading,
panel flutter, side-fairing buckling, wing leading-edge skin
buckling, windshield heat damage, and internal heat damage.
It is shown how the X-15 was made operational for the
simplest of tasks and was then built up to the maximum
demands in discrete progressive steps. Accidents in the
program, and their causes, are examined.



377. Matranga, G. J.; Washington, H. P.; Chenoweth, P.
L.; and Young, W. R.: Handling Qualities and Trajectory
Requirements for Terminal Lunar Landing, as
Determined From Analog Simulation. NASA TN D-1921,
August 1963, 63N19606, #. PDF CASI

A six-degree-of-freedom analog study was performed to aid
in defining handling qualities and trajectory potential for
terminal lunar landing. Results showed that, for a maneuvering
task in the pitch mode and a random-motion-correction task
in the roll and yaw modes, the pilots preferred rate or attitude
command with control accelerations of about 10 deg/sec and
reasonable artificial damping. Also, to consistently perform
successful landings, the pilots generally used thrust-to-weight
ratios throttled between a minimum value of 0.8 lunar g and
maximum value of 1.8 lunar g.

Keywords: Analog simulation; Controllability; Landing
simulation;  Lunar landing;  Spacecraft  trajectories;
Trajectories

EC88-0180-1

X-15 Airplane

378. Watts, J. D.; and Banas, R. P.: X-15 Structural
Temperature Measurements and Calculations for Flights
to Maximum Mach Numbers of Approximately 4, 5, and
6. NASA TM X-883, H-315, August 1963, 72N73396.

Structural temperatures on the X-15 airplane were measured
continuously during three performance-envelope expansion
flights to maximum Mach numbers of approximately 4, 5, and
6. Tabulations of temperature time histories, representing all
surfaces and some wing internal structure, are presented for
these flights. Methods of predicting surface temperature levels
and gradients are described, and the resulting calculations are
compared with measured temperatures.

Keywords:  Supersonic  flight; Surface temperature;
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Temperature measurement; X-15 aircraft

379. Videan, Edward N.; Banner, Richard D.; and Smith,
John P.: The Application of Analog and Digital Computer
Techniques in the X-15 Flight Research Program.
Presented at the International Symposium on Analog and
Digital Techniques Applied to Aeronautics, Liege, Belgium,

September 9-12, 1963, 65A19426.

This paper is limited, however, to the particular area of
computer application to research flight planning and system
implementation. Two systems are described, one analog
and one digital, which support the flight planning and
system implementation. Today, because of changing flight
test requirements, a relatively sophisticated and complete
simulation system is considered necessary to carry on a flight
research program.

380. Thompson, Milton O.: Preliminary Results of the
Lifting-Body Flight Program. Presented at the 7th Annual
SETP Symposium, Beverly Hills, California, September 27—
28,1963, 64A12898.

This paper covers the design, construction, preflight, and
initial flight testing of the NASA Flight Research Center’s
M-2 lifting-body vehicle. The paper also discusses the concept
of lifting-body utilization and the reasons for construction of
a lightweight vehicle.

381. Noll, R. B.; Jarvis, C. R.; Pembo, C.; Lock, W. P;
and Scott, B. J..: Aerodynamic and Control-System
Contributions to the X-15 Airplane Landing-Gear
Loads. NASA TN D-2090, October 1963, 63N22117, #.
PDF DTRS

The effects of the X-15 manual flight control and stability
augmentation systems on the horizontal-tail load, and
the effect of wing-flap position on the wing load during
touchdown are investigated. Methods for significantly
reducing the maximum total load on the main gear during
landings are described. Data from typical X-15 landings and
from landings in which modified touchdown techniques were
used are presented and compared.

Keywords: Flight control; Horizontal tail surfaces; Loads
(forces); Manual control; Stability; Touchdown; X-15
aircraft

382. Weil, Joseph: Piloted Flight Simulation at the
NASA Flight Research Center. Presented at the IEEE 10th
Annual East Coast Conference on Aerospace and Navigation
Electronics, Baltimore, Maryland, October 21-23, 1963.

383. Nugent, Jack: The X-15 Advanced Air-Breathing
Engine Program. Presented at the Bumblebee Composite
Design Research Panel, November 1963.



384. Horton, V. W.; Layton, G. P, Jr.; and Thompson, M. O.:
Exploratory Flight Tests of Advanced Piloted Spacecraft
Concepts. NASA TM X-51360, also presented at the ATAA,
AFFTC, and NASA FRC Testing of Manned Flight Systems
Conference, Edwards, California, December 4-6, 1963
65N89037. PDF CASI

This paper discusses the program philosophy, design, flight
testing and data-acquisition techniques and presents some of
the results obtained from the Paresev and M-2 programs.

Keywords: Flight tests; M-2 lifting body

385. Sisk, T.R.; and Andrews, W. H.: Utilization of Existing
Aircraft in Support of Supersonic-Transport Research
Programs. NASA TM X-51360, also presented at the ATAA,
AFFTC, and NASA FRC Testing of Manned Flight Systems
Conference, Edwards, California, December 4-6. 1963, pp.
67-76, 64N12881. PDF CASI

The supersonic transport will not necessarily be derivative
of a previous military airplane, as are the current family of
jet transports. Therefore, full-scale test data and operational
experience for this vehicle will be limited, and in some areas
nonexistent. In an attempt to fill this void, the NASA Flight
Research Center has initiated several programs utilizing
existing high-performance aircraft to investigate some of the
problems predicted in the supersonic-transport operational
environment. This paper discusses three of these programs: a
minimum-flight-speed investigation utilizing an FSD aircraft,
and Air Traffic Control (ATC) compatibility program utilizing
an A-5A aircraft, and specific vehicle research on the XB-70
aircraft.

Keywords: Aircraft performance; Fighter aircraft; Flight
simulators; Flight tests; Supersonic aircraft; Supersonic
transports

386. Rediess, H. A.; and Deets, D. A.: An Advanced
Method for Airborne Simulation. NASA T™M X-51360,
also presented at the AIAA, AFFTC, and NASA FRC Testing
of Manned Flight Systems Conference, Edwards, California,
December 4-6, 1963, pp. 33-39, 64N12880. (see also 406.)
PDF CASI

The NASA Flight Research Center has conducted and
sponsored studies leading to the design and developments of
a general-purpose airborne simulator (GPAS) to support the
supersonic-transport program and to perform general research.
This paper presents some of the results of these studies. The
response feedback, and the model-control concepts for an
airborne simulator are discussed and evaluated. The model-
following performance of the system designed for the GPAS,
and, other results believed generally applicable are also
presented.

Keywords: Flight simulators; Flight tests; Simulation;
Supersonic transports
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387. Larson, T. J.; and Montoya, E. J.: Stratosphere and
Mesosphere Density-Height Profiles Obtained With the
X-15 Airplane. NASA TM X-51734, 1963, 65N33708, #.
PDF CASI

Density-height profiles in the stratosphere and mesosphere
were obtained from impact-pressure, velocity, and altitude
measurements made on six X-15 research airplane flights.
A form of the Rayleigh pilot formula was used for density
computations.  Because of  pressure-instrumentation
limitations and pressure lag, the maximum altitude for
reasonably accurate density determination was considered
to be about 65 km. Good agreement was obtained between
temperatures calculated from faired density-height profiles of
two X-15 flights and temperatures measured by rocketsondes
launched near the times of flight from the Pacific Missile
Range, Point Mugu, California.

1964 Technical Publications

388. Pyle, J. S.: Comparison of Flight Pressure
Measurements With Wind-Tunnel Data and Theory
for the Forward Fuselage of the X-15 Airplane at Mach
Numbers From 0.8 to 6.0. NASA TN D-2241, January 1964,
64N12961, #. PDF CASI

The results of flight pressure measurements on the forward
fuselage of the X-15 airplane are presented for angles of
attack from O degrees to 15 degrees and Mach numbers from
0.8 t0 6.0. Comparisons of flight and wind-tunnel data showed
good agreement, and theoretical calculations predicted flight
pressure measurements reasonably well.

Keywords:  Fuselages; Hypersonic speed; In-flight
monitoring; Measuring instruments; Pressure measurement.

389. Holleman, E. C.; and Adkins, E. J.: Contributions of
the X-15 Program to Lifting Entry Technology. NASATM
X-51359, also presented at the AIAA Aerospace Sciences
Meeting, New York, New York, January 1964, 65N89079.
(see also 389.) PDF CASI

Entries from altitudes greater than 350,000 ft with the X-15
airplane have provided piloting experience and verification of
predicted control characteristics and operational techniques.
The airplane re-enters as a glider and duplicates several phases
in the recovery of higher-performance vehicles, for example,
transition from near-zero dynamic pressure to aerodynamic
flight, and the terminal-area ranging and landing. During
entries, reaction controls have been used to surprisingly
high dynamic pressures. Rate command control provided
satisfactory control, and hold modes were appreciated by
the pilots for secondary control modes. With conservatively
planned flights, the pilots have had no problem controlling
range to base with contact navigation. Landmarks have been
observed from above 300,000 ft and 160 miles range. The



approach and landing of the low-lift-drag-ratio X-15 airplane
has become routine, with relatively small dispersion in
touchdown and slideout distance. The speed brakes have been
an important control for regulation of ranging for landing;
however, the pilots indicated that faster-acting speed brakes
would allow more flexible operation.

Keywords: High pressure; Low pressure; X-15 aircraft.

390. Holleman, E. C.; and Adkins, E. J.: Contributions of
the X-15 Program to Lifting Entry Technology. AIAA Paper
64-17. Presented at the AIAA Aerospace Sciences Meeting,
New York, New York, January 20-24, 1964, 64N15273. (see
also 388.) PDF AIAA

391. Drake, H. M.: Aerodynamic Testing Using Special
Aircraft. NASA TM X-51605, also presented at the AIAA
Aerodynamics Testing Conference, Washington, D. C.,
March 9-10, 1964, 65N88557, 65N35225, #. (see also 391.)
PDF CASI

In this paper some of the recent applications of special aircraft
to aerodynamic testing are reviewed and something of the
complementary relationship such testing bears to theory
and to research in ground facilities is indicated. Some of the
primary reasons for flight research are to verify theory, ground
facilities, and design. Encounter new or overlooked problems.
Investigate flight in the true environment. Establish crew-
vehicle integration and requirements. Study the atmosphere,
earth, and space.

Keywords: Aerodynamic characteristics; Aircraft
configurations; Flight simulation; Flight tests; Research
aircraft.

392. Drake, H. M.: Aerodynamic Testing Using Special
Aircraft. Presented at the AIAA Aerodynamics Testing
Conference,Washington, D.C., March 10, 1964, pp. 78—188,
64N17019. (see also 390.)

393. Quinn, R. D.; and Kuhl, A. E.: Comparison of Flight-
Measured and Calculated Turbulent Heat Transfer on the
X-15 Airplane at Mach Numbers From 2.5 to 6.0 at Low
Angles of Attack. NASA TM X-939, H-332, March 1964,
72N73498.

Turbulent heat-transfer data obtained on the X-15 airplane for
a flight to a Mach number of 6.0 are presented and compared
with calculated values. Calculated boundary-layer thicknesses
and Mach number profiles in the shear layer are also presented.
Comparisons between measured and calculated heat-transfer
coefficients show that the calculated heat-transfer coefficients
are from 30 to 60 percent higher than the measured values
when bluntness effects are included in estimates of the local
Mach number at the edge of the boundary layer.

Keywords: Aerodynamic heating; Hypersonic speed; Pressure
measurement; Turbulent heat transfer; X-15 aircraft.
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394. Fischel, Jack; and Toll, Thomas A.: The X-15 Project:
Results and New Research. Astronautics & Aeronautics,
March 1964, pp. 20-28.

395. Chenoweth, P. L.; and Dana, W. H.: Flight Evaluation
of Wide-Angle Overlapping Monoculars for Providing
Pilot’s Field of Vision. NASA TN D-2265, April 1964,
64N17753, #. PDF CASI

A qualitative evaluation was made of the effectiveness of
wide-angle, overlapping monoculars as the sole source of
outside visual reference during takeoffs, aerial maneuvers,
visual navigation, and approaches and landings in a light
observation aircraft. The evaluation was made during the
day and at night and in air conditions which varied from no
turbulence to severe turbulence.

Keywords: Flight tests; Lenses; Optics; Vision.

396. Holleman, E. C.: Piloting Performance During the
Boost of the X-15 Airplane to High Altitude. NASA TN
D-2289, April 1964, 64N19002, #. PDF DTRS

During the altitude-buildup program with the X-15 airplane,
flights were made in which the boost-climbout phase was
similar to the launch of the initial stage of multistage vehicles.
The pilot’s performance is analyzed in an attempt to better
define the human pilot’s capability to control the boost phase
of flight. Airplane attitude and overall performance were
controlled by the pilot within the accuracy of the displays
provided. Even though the engine failed to light on the
first attempt on two flights and some of the displays failed
on several other flights, the pilot was able to successfully
complete the flight plans. As a result of physiological factors
or extreme motivation, however, on a few missions the pilots
made corrections they felt were necessary but which resulted
in deviations from the flight plan. The boost acceleration had
no effect on the piloting control task, although two of the
pilots had difficulty shutting down the engine because of the
X-15 throttle location.

Keywords: High altitude; Pilot performance; X-15 aircraft.

397. Gray, W. E., Jr.. NASA Flight Research Center
Handling-Qualities Program on General-Aviation
Aircraft. NASA TM X-56004, April 21, 1964, 65N35235, #.
PDF CASI

Inrecentyears, theincreasing use of civil aircraftin instrument-
weather conditions by pilots who are frequently solo and
who sometimes have minimal experience has given rise to an
operating problem of sufficient importance to warrant study.
The NASA Flight Research Center has, therefore, recently
initiated pertinent handling-qualities research. The purpose
of this paper is to brief the general-aviation industry on the
program objectives, to discuss the general approach that is
being taken toward solving the operating problem, and to



solicit comments from the industry at this early stage in the
program.

398. Jarvis, C. R.; and Adkins, E. J..: Operational
Experience With X-15 Reaction Controls. NASA TM X-
56002, also presented at the SAE-ASME Symposium on
Position, Attitude and Thrust Vector Control, April 21, 1964,
64N20683, #. PDF CASI

The four reaction-control-system configurations investigated
during the X-15 program include a proportional acceleration
command system, on-off proportional rate command and
attitude hold systems, and a rate-sensing on-off stability
augmentation system. Each of the systems is described
briefly, and development problems encountered in hardware
design, component compatibility, and systems integration
are discussed. The practical aspects of system design and
operation are emphasized. Flight experience with each system
is also discussed. Flight data showing the results of open-
loop and closed-loop control during critical X-15 reentry
maneuvers are presented.

Keywords: Compatibility; Control systems design; Reaction
control; Systems engineering; Systems integration.

399. Sanderson, K. C.: The X-15 Flight Test
Instrumentation. NASA TM X-56000. Flight Test
Instrumentation, Vol. 3, pp. 267-290, proceedings of the
Third International Symposium, (see TL 671.7 154 V. 3),
April 21, 1964, 1964, 64N19899, #. PDF DTRS

The basic instrumentation philosophy for the X-15 program
was dictated primarily by two factors. First, if the X-15
were to successfully fulfill its mission of providing timely
research data, it had to be built and instrumented quickly.
Second, the instrumentation had to be accurate and reliable.
The philosophy adopted was as follows: Onboard recording
would be used, selected parameters would be telemetered and
displayed to ground monitors in real time, continuous ground
radar tracking provided instrumentation system would have
to be flexible, maximum use of off-the-shelf instrumentation
components and systems.

Keywords: Flight test instruments; X-15 aircraft.

400. Wall, D. E.: A Study of Hypersonic Aircraft. NASA
TM X-56001, April 24, 1964, 64N20549, #. (see also 400.)
PDF DTRS

A study is being made at the NASA Flight Research Center
to determine the gross characteristics of future hypersonic
aircraft, without the refinement of configuration optimization.
The characteristics defined by this study are to be used as
a guide in assessing the need for future hypersonic flight
research.

Keywords: Hypersonic aircraft; Hypersonic flight.
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401. Wall, D. E.: A Study of Hypersonic Aircraft.
NASA TM X-51641, 1964, 65N35263, #. (see also 399.)
PDF CASI

This paper presents the results of a study performed at the
NASA Flight Research Center in which the characteristics
of several potential hypersonic aircraft were compared. In
this study, candidate fuels were assessed for their application
to hypersonic aircraft, several modes of propulsion were
considered as well as their flight regions of operation, and
an assessment of various classes of hypersonic aircraft was
made. The study showed that long-range hypersonic cruise
aircraft are sufficiently interesting to warrant more detailed
studies. Interceptors employing hydrogen fuel are competitive
with those employing hydrocarbon fuels at Mach numbers of
5 to 6. Finally, advancements in the state of the art would
provide a more practical sized recoverable booster for takeoff
from conventional runways, This study also concluded that
research programs should be aimed at providing technology
advancements in propulsion, configuration aerodynamics,
and high temperature light weight structures to meet the
demands of future hypersonic aircraft.

402. Taylor, L. W., Jr.; and Adkins, E. J.: Adaptive Flight
Control Systems—Pro and Con. NASA TM X-56008, also
presented at the AIAA Specialists Meeting, Los Angeles,
California, April 28, 1964, 64N27261, #. PDF CASI

In light of difficulties posed by the X-15, the adaptive flight
control system was developed and has been most successful.
Although several problems were encountered during the
development of the MH-96 adaptive system, and emphasis on
them in this paper tends to paint a dark picture, these problems
were solved on the ground before the first flight, except for
some insignificant details which affected only the periphery
functions of the MH-96 even during the early flights. There
is a saying that “a bird in hand is worth two in the bush.”
For adaptive flight control system concepts, we would put
the ratio at about 10. An adaptive control system which has
been successfully demonstrated in the X-15 is worth about
10 proposed new adaptive concepts which have not been
exposed to the idiosyncrasies of control-system hardware.

Keywords: Adaptive control; Flight control; X-15 aircraft.

403. Kordes, E. E.; and Tanner, C. S.: Preliminary
Results of Boundary-Layer Noise Measured on the X-15
Airplane. NASA TM X-56003, May 1, 1964, 65N35284, #.
PDF DTRS

In order to provide detailed information on boundary-layer
noise over a wide range of controlled flight conditions, the
NASA Flight Research Center is conducting a boundary-
layer-noise research program with the X-15 airplane. This
paper describes the program and presents some of the
preliminary results.



Keywords: Aerodynamic noise; Airspeed; Boundary layers;
Noise measurement; Scout project.

404. Thompson, M. O.: Aerospace Medical and
Bioengineering Considerations in Lifting-Body and
Research-Aircraft Operations. NASA TM X-56005, also
presented at the 35th Aerospace Medical Association Annual
Meeting, Miami Beach, Florida, May 1964, 64N22440, #.
PDF CASI

The lifting-body vehicle we have flown at the Flight Research
Center is the M-2 rather than the M-1; thus, it is this vehicle I
shall discuss. For those who may not be familiar with the M-2
or the lifting-body concept, I shall describe it briefly. As the
name implies, a lifting body is a vehicle with a body shape,
rather than wings, which generates lift at an angle or attack.
The only irregularities or protuberances in the body shape
are the surfaces required for aerodynamic control. Figure 1
compares the advantages or the three configurations having
reentry capability, that is, the ballistic or semiballistic, the
lifting body, and the winged vehicle. The energy footprints
or the vehicles, or landing areas available to each, can be
estimated. For operational usage, a lifting reentry vehicle
appears to be highly desirable because of its versatility for
reentry from a number of orbit planes or the capability for
recovery at a number of landing sites within the United
States.

Keywords: Aerospace medicine; Bioengineering; Flight
operations; Hypersonics; Lifting bodies.

405. Mabher, J. F, Jr.; Ottinger, C. W.; and Capasso, V. N.,
Jr.: YLR99-RM-1 Rocket Engine Operating Experience in
the X-15 Aircraft. NASA TN D-2391, July 1964, 64N25810,
#. PDF CASI

This paper describes the unique operating experience obtained
during the first 50 government flights with the YLR99 engine
installed in the X-15 aircraft, with emphasis on problem areas
of the engine and their effects on the X-15 program.

Keywords: LR-99 engine; Rocket engines; X-15 aircraft.

406. Powers, B. G.; and Matheny, N. W.: Flight Evaluation
of Three Techniques of Demonstrating the Minimum
Flying Speed of a Delta-Wing Airplane. NASA TN
D-2337, July 1964, 64N24966, #. PDF CASI

A flight test program was conducted with an FSD airplane
to evaluate three techniques for demonstrating the minimum
flying speed of a delta-wing aircraft: The Civil Air
Regulations stall-speed demonstration, the 1 g demonstration,
and the constant-rate-of-climb demonstration. The Civil
Air Regulation stall-speed demonstration currently used
for civil transport aircraft was found to be inadequate for
demonstrating the minimum speed of a delta-wing airplane,
because this type of airplane does not have a well-defined
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stall point near maximum lift coefficient. The 1 g minimum
speed, which is based on maintaining a constant 1 g normal
acceleration, was difficult to determine precisely, especially
when buffeting was present. The constant-rate-of-climb
minimum-speed maneuvers, which are based on the ability
to maintain a constant rate of climb, were reasonably
easy to perform and were unaffected by the aircraft buffet
characteristics. The level-flight minimum speed obtained
from the constant-rate-of-climb techniques was found to be
the most rational minimum speed for a delta-wing aircraft.
The applicability of these techniques to other types of aircraft
was shown in limited tests on a sweptwing airplane.

Keywords: Aircraft configurations; Delta wings; Flight tests.

407. Rediess, H. A.;and Deets, D. A.: An Advanced Method
for Airborne Simulation. NASA RP 337. Reprinted from
Journal of Aircraft, Vol. 1, No. 4, July—August 1964, pp.
185-190. Presented at the AIAA, AFFTC, and NASA FRC
Testing of Manned Flight Systems Conference, Edwards
AFB, California, December 4-6, 1963, 64N31214. (see also
385.) PDF CASI

In a general discussion of airborne simulation, it is observed
that the motion of a specific aircraft cannot be matched
completely with an airborne simulator, except at certain
specific conditions, if the number of independent control
devices for angular and linear motion is less than the number
of corresponding degrees of freedom to be stimulated.
However, airborne simulators can be valuable research and
pilot-training tools through proper choice of the motion
parameters to be matched and by tailoring the program to the
particular simulator used.

408. Fischel, J.; and Webb, L. D.: Flight-Informational
Sensors, Display, and Space Control of the X-15 Airplane
for Atmospheric and Near-Space Flight Missions. NASA
TN D-2407, August 1964, 64N26629, #. PDF DTRS

This paper presents pertinent information obtained during the
X-15 program and discusses its use by the pilot in performing
a variety of atmospheric and near-space flight missions.

Keywords: Aircraft control; Display devices; High altitude;
Information; Information systems.

409. Saltzman, Edwin J.: Base Pressure Coefficients
Obtained From the X-15 Airplane for Mach Numbers
Up to 6. NASA TN D-2420, August 1964, 64N27122, #.
PDF DTRS

Base pressure measurements were made on the vertical
fin, side fairing, fuselage, and wing trailing edge of the
X-15. Data are presented between Mach numbers of 0.8 and
6. Power-off and power-on data are included and compared
with wind-tunnel measurements and theory.



Keywords: Base pressure; Estimates; Hypersonic wind
tunnels; Mach number; Pressure ratio.

410. Hughes, D. L.; Powers, B. G.; and Dana, W. H.: Flight
Evaluation of Some Effects of the Present Air Traffic
Control System on Operation of a Simulated Supersonic
Transport. NASA TN D-2219, November 1964, 64N33082,
#. PDF CASI

An exploratory flight program was conducted to investigate
the effect of the present Air Traffic Control system on the
operation of a simulated supersonic transport in the Los
Angeles terminal area. The climb and descent portions of a
representative supersonic transport flight profile were flown
with an A-5A airplane. In addition, en route problems were
explored within the speed and altitude data were obtained,
as well as flight-crew opinions and ground-personnel
comments.

Keywords: Air traffic control; Flight tests; Supersonic
transports; Traffic control.

411. Yancey, R. B.: Flight Measurements of Stability
and Control Derivatives of the X-15 Research Airplane
to a Mach Number of 6.02 and an Angle of Attack of 25
Degrees. NASA TN D-2532, November 1964, 65N 10638, #.
PDF CASI

Flight tests of the X-15 airplane provided data from which
longitudinal, lateral, and directional stability and control
derivations were determined over a Mach number range
from 0.60 to 6.02 and over an angle-of-attack range from
-2.7 degrees to 25 degrees. The data were obtained with the
lower rudder on and off, speed brakes open and closed, and
power on and off. The longitudinal derivatives show the
expected trends of increasing levels through the transonic
region and diminishing levels as the Mach number increases
in the supersonic region. A high level of longitudinal stability
is indicated by the flight data.

Keywords: Aircraft control; Angle of attack; Derivation;
Directional control; Directional stability.

412. Holleman, E. C.; and Adkins, E. J.: Contributions of
the X-15 Program to Lifting Entry Technology. Journal
of Aircraft, Vol. 1, No. 6, November—December 1964. PDF
AIAA

Entries from altitudes greater than 350,000 ft with the X-15
airplane have provided piloting experience and verification of
predicted control characteristics and operational techniques.
The airplane re-enters as a glider and duplicates several phases
in the recovery of higher-performance vehicles, for example,
transition from near-zero dynamic pressure to aerodynamic
flight, and the terminal-area ranging and landing. During
entries, reaction controls have been used to surprisingly
high dynamic pressures. Rate command control provided
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satisfactory control, and hold modes were appreciated by
the pilots for secondary control modes. With conservatively
planned flights, the pilots have had no problem controlling
range to base with contact navigation. Landmarks have been
observed from above 300,000 ft and 160 miles range. The
approach and landing of the low-lift-drag-ratio X-15 airplane
has become routine, with relatively small dispersion in
touchdown and slideout distance. The speed brakes have been
an important control for regulation of ranging for landing;
however, the pilots indicated that faster-acting speed brakes
would allow more flexible operation.

413. Thompson, M. O.: General Review of Piloting
Problems Encountered During Simulation and Flights
of the X-15. NASA TM X-56884, Society of Experimental
Test Pilots Ninth Annual Report. Presented at the SETP
Symposium, Beverly Hills, California, 1964, 66N83857.
PDF CASI

The advantages of simulation have been expounded for years
by engineers and pilots. We cannot presently ignore or fail
to take advantage of the prediction capability of simulation
in the development of a new aircraft or flight vehicle. The
question, however, is: How complete must the simulation
be to anticipate the many possible problems that could be
encountered? This paper describes a few of the problems
encountered on X-15 flights that were not anticipated during
simulation. Many of these problems were consequences
of simulation deficiencies resulting from the omission of
complex and costly flight-environment conditions. The
X-15 flight experience covers a wide range of environmental
conditions from high longitudinal-acceleration boost
profiles to low lift-drag ratio landings. This offers a unique
opportunity to comment on a number of pertinent points
regarding simulation and simulation requirements.

414. Fischel, J.; and Toll, T. A.: The X-15 Project— Results
and New Research. NASA RP 186, 1964, 64N22066.

415. Fischel, J.; and Toll, T. A.: The X-15 Research
Aircraft—Research Accomplished and Planned. NASA
TM X-51485, 1964, 65N89070. PDF CASI

The contributions of the X-15 program to the technology of
flight are in some respects specific and tangible; however,
in other respects the contributions are of such breadth that
they are not easily described. Certainly, the results obtained
in hypersonic aerodynamics, structures, and handling
qualities already are being applied and have been valuable in
establishing the confidence with which future designs can be
carried out. Also, at a time when the usefulness of the man in
high-performance flight vehicles was being questioned, the
X-15 program effectively demonstrated the value, not only
of having a man onboard, but also of using him as an active
participant in the flight mission. Lessons also were learned
about the design of control systems and of other piloting aids



provided to derive the most benefit from the pilot’s unique
capabilities.

416. Winglade, R. L.: Current Research on Advanced
Cockpit Display Systems. NASA TM X-56010, 1964,
65N20814, #. PDF CASI

Current cockpit-display philosophy is discussed in terms of
the pilot’s informational requirements. Pilots scan patterns
obtained through the use of an eye-position camera and
a ground-based simulator are depicted for a conventional
display system and for two advanced concepts. Preliminary
results of some flight-test and ground-simulation evaluations
of advanced concepts, such as totally integrated displays and
indirect pilot viewing systems, are discussed.

417. Montoya, Earl J.; and Larson, Terry J.: Stratosphere
and Mesosphere Densities Measured With the X-15
Airplane. NASA RP 499, NASA TM X-56009, 1964. (see
also Geophysical Research, Vol. 69, No. 4, pp. 5123-5130,
1964.) PDF DTRS

Density-height profiles in the stratosphere and mesosphere
were obtained from measurements of impact pressure,
velocity, and altitude on six X-15 research airplane flights.
A form of the Rayleigh pilot formula was used for density
computations.  Because of  pressure-instrumentation
limitations and pressure lag, the maximum altitude for
reasonably accurate density determination was considered
to be about 65 km. Temperatures calculated from faired
density-height profiles of two X-15 flights agreed well with
temperatures measured by rocketsondes launched near the
times of flight from the Pacific Missile Range, Point Mugu,
California.

Keywords: Atmospheric density; Mesosphere; Stratosphere;
X-15 aircraft.

1965 Technical Publications

418. Pyle,J. S.: Flight-Measured Wing Surface Pressures
and Loads for the X-15 Airplane at Mach Numbers From
1.2 to 6.0. NASA TN D-2602, January 1965, 65N14854, #.
PDF CASI

Flight-measured pressure distributions are presented for the
upper and lower surfaces on the wing and wing-body juncture
of the X-15 airplane at angles of attack from 0° to 20° and
Mach numbers from 1.2 t 0 6.0. Aerodynamic loads derived
from surface pressure measurements are presented as spanwise
load distributions and total exposed wing-panel loads. The
results of the investigation indicate that chordwise and
spanwise centers of pressure remain fairly constant as Mach
number increases. Isolated wing theories (shock expansion
and linear) generally underestimated the aerodynamic loads,

87

with the exception of pitching moment. Linear theory (wing
in presence of body) gave fair predictions of the experimental
lift-curve slopes at the lower angles of attack. The agreement
between flight measurements and wind-tunnel results was
well within the accuracy of the data.

Keywords: Body-wing configurations; Loads (forces); Mach
number; Pressure; Pressure distribution.

419. Stillwell, W. H.: X-15 Research Results With a
Selected Bibliography. NASA-SP-60, 65N20162, January
1965. CASI ID: 19650010561 PDF CASI

X-15 aircraft development concept, flight research,
aerodynamic characteristics of supersonic-hypersonic flight,
hypersonic structure, flying laboratory, and bibliography.
This short study, written about half-way through the
highly significant X-15 program, provides much valuable
information about the airplane and its flight research from
1959 to 1964.

420. Roman, James: Long-Range Program to Develop
Medical Monitoring In Flight—The Flight Research
Program-1. Aerospace Medicine, Vol. 36, No. 6, June 1965.

NASA’s Flight Research Center is conducting a long-range
program designed to advance the state of the art in biomedical
monitoring. Better knowledge of the physiological parameters
used in monitoring the crew is one of major aims of the
program. An instrumentation-development phase and a phase
involving development of computer techniques for handling
medical flight data both contribute to the overall program.
The physiological-parameters-research phase and the
instrumentation-development phase have yielded significant
results after one year of operation.

421. Jarvis, C. R.; and Lock, W. P. Operational
Experience With the X-15 Reaction Control and Reaction
Augmentation Systems. NASA TN D-2864, June 1965,
65N25725, #. PDF DTRS

This paper describes the X-15 reaction control system and
discusses the system characteristics, operational experiences,
and development problems. Data are presented from X-15
high-altitude flights during which both the manual control
and reaction augmentation systems were operated.

Keywords: Altitude; Augmentation; Dynamic pressure; High
altitude; Low pressure.

422, Cary, J. P; and Keener, E. R.: Flight Evaluation of
the X-15 Ball-Nose Flow-Direction Sensor as an Air-Data
System. NASA TN D-2923, July 1965, 65N27945, #. PDF
DTRS

This paper assesses the suitability of the modified ball-nose



system for obtaining Mach number and pressure altitude
from pressure measurements at Mach numbers up to 5.3,
altitudes up to 130,000 feet, and Reynolds number from 0.1
to 1.6 x 10 to the 6th per foot. The results are compared with
experimental and theoretical results for spheres.

Keywords: Air data systems; Atmospheric pressure; Flight
tests; Flow direction indicators; Gas pressure.

423. Pyle, J. S.: Flight Pressure Distributions on the
Vertical Stabilizers and Speed Brakes of the X-15
Airplane at Mach Numbers From 1 to 6. NASA TN
D-3048, September 1965, 65N34437, #. PDF DTRS

This paper, the third in series on the X-15 surface-pressure
distributions, presents flight-measured pressure distributions
for the upper and lower vertical stabilizers with the speed
brakes opened and closed. Data are shown for Mach numbers
from 1 to 6 and angles of attack from O degree to 15 degree.
Comparisons are made with wind-tunnel data and theory.

Keywords: Brakes (for arresting motion); Pressure
distribution; Stabilizers (fluid dynamics); Transonic speed;
X-15 aircraft.

EC-64-404

M2-F1 Lifting Body Vehicle

424. Smith, H. J..: Evaluation of the Lateral-
Directional Stability and Control Characteristics of
the Lightweight M2-F1 Lifting Body at Low Speeds.
NASA TN D-3022, September 1965, 65N33839, #.
PDF DTRS

This paper summarizes the lateral-directional stability and
control characteristics investigated during the flight tests
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and compares some wind-tunnel data with the flight values.
Performance data from the tests are reported.

Keywords: Directional control; Directional stability; Lateral
stability; Lifting bodies; Stability.

425. Horton, V. W.; Eldredge, R. C.; and Klein, R. E.:
Flight-Determined = Low-Speed Lift and Drag
Characteristics of the Lightweight M2-F1 Lifting
Body. NASA TN D-3021, September 1965, 65N33357, #.
PDF DTRS

The low-speed lift and drag characteristics of a manned,
lightweight M-2 lifting-body vehicle were determined in
unpowered free-flight tests at angles of attack from 0 degrees
to 22 degrees (0.38 radian) and at calibrated airspeeds
from 61 knots to 113 knots (31.38 to 58.13 meters/second).
Flight data are compared with results from full-scale
wind-tunnel tests of the same vehicle.

Keywords: Comparison; Drag; Low speed; M-2 lifting body.

ECN—5-35
Lunar Landing Resesearch Vehicle (LLRYV)

426. Bellman, D. R.; and Matranga, G. J.: Design and
Operational Characteristics of a Lunar-Landing
Research Vehiclee. NASA TN D-3023, September 1965,
65N33549, #. PDF CASI

This paper represents the significant technical details
and research capabilities of a free-flight lunar-landing
simulator as they existed at the time of the initial flights
of the vehicle. The lunar-landing research vehicle (LLRV)
consists of a pyramid-shaped structural frame with four
truss-type legs. A pilot’s platform extends forward between
two legs, and an electronics platform is similarly located,



extending rearward. A jet engine is mounted vertically
in a gimbal ring at the center of the vehicle. The LLRV is
instrumented for research purposes. The data obtained
are converted to digital form transmitted to a ground
tape recorder by means of an 80-channel pulse-code-
modulation type (PCM) telemetry system. Each channel
can be read every 0.005 second, if desired.

Keywords: Lunar landing; Research vehicles.

427. Banas, R. P Comparison of Measured and
Calculated Turbulent Heat Transfer in a Uniform and
Nonuniform Flow Field on the X-15 Upper Vertical Fin at
Mach Numbers of 4.2 and 5.3. NASA TM X-1136, H-382,
September 1965, 72N73703. PDF DTRS

Turbulent heat-transfer coefficients and measured local static
pressures were obtained in flight on the X-15 upper vertical
fin with both a sharp and a blunt leading edge. The data are
compared with calculated values. Calculated and measured
Mach number profiles in the shear layer are also presented.
Heat-transfer coefficients were obtained from measured skin
temperatures at free-stream Mach numbers of approximately
4.2 and 5.3 and free-stream Reynolds numbers between
1.8 x 10(6) and 2.5 x 10(6) per foot. Comparisons of measured
and calculated heat-transfer coefficients obtained in both a
uniform flow field and a nonuniform flow field show that the
heat-transfer coefficients calculated by Eckert’s reference-
temperature method were from 32 percent to 57 percent
higher than the measured values.

Keywords: Flow distribution; Hypersonic flight; Leading
edges; Turbulent heat transfer; X-15 aircraft.

428. Thompson, Milton O.: General Review of Piloting
Problems Encountered During Simulation and Flights of
the X-15. Presented at the 9th SETP Symposium, Beverly
Hills, California, September 1965.

429. Anon.: Progress of the X-15 Research Airplane
Program. NASA-SP-90. Presented at the USAF, USN,
and NASA Conference on Progress of the X-15 Research
Airplane Program, Edwards AFB, California, October 7
1965, 73N71303.

430. Love, J. E.; and Fischel, J.: Status of X-15 Program.
NASA SP-90, (see N73-71303 05-99), 1965, pp. 1-15,
73N71304.

This paper briefly reviews the significant activities and
present status of the project in order to aid you in properly
relating the information presented during this conference to
the total X-15 program. A comprehensive bibliography of
information related to the X-15 program is included at the
end of this paper.

431. Banner, R. D.; and Kuhl, A. E.: A Summary of X-15
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Heat Transfer and Skin Friction Measurements. NASA
SP-90, (see N73-71303 05-99), 1965, pp. 17-26, 73N71305.
(see also 449.)

432. Lewis, T.L.; and McLeod, N. J.: Flight Measurements
of Boundary Layer Noise on the X-15. NASA SP-90, (see
N73-71303 05-99), 1965, pp. 27-33, 73N71306. (see also
451.)

Boundary-layer-noise data measured in flight over a
Mach number range from 1.0 to 5.4 and at altitudes from
45,000 feet to 105,000 feet are presented. The data were
obtained at four locations on the X-15 (selected to provide
varied boundary-layer conditions). The highest recorded
noise level was 150 decibels. Boundary-layer parameters
were measured at one location and are used to present the
noise data in a nondimensional form for comparison with data
from flat-plate wind-tunnel studies by other experimenters.

433. McKay, J. M.; and Noll, R. B.: A Summary of the
X-15 Landing Loads. NASA SP-90, (see N73-71303 05-
99), 1965, pp. 3543, 73N71307. (see also 447.)

The purpose of this paper is to review the present status of
the X-15 landing-gear loads, to discuss the parameters which
affect these loads, and to show additional modifications that
might be made to improve the landing gear system.

434. Taylor, L. W., Jr.; Robinson, G. H.; and Iliff, K. W.: A
Review of Lateral Directional Handling Qualities Criteria
as Applied to the X-15. NASA SP-90, (see N73-71303 05-
99), 1965, pp. 45-60,73N71308.

The lateral-directional handling qualities of the X-15 have
been extensively surveyed in terms of pilot ratings and
vehicle response characteristics throughout the operational
envelope of the airplane. Results are reviewed for two
vertical-tail configurations as well as for dampers on and off,
and significant problem areas are discussed in relation to the
basic stability and control parameters and the influence of the
pilot’s control. These results are used to assess the validity
and limitations of some of the lateral-directional handling-
qualities design criteria currently in use. Finally, a new and
more generally applicable criterion recently proposed by the
NASA Flight Research Center is described and similarly
assessed against a broad range of test conditions available
with the X-15 vehicles.

435. Holleman, E. C.: Control Experiences of the X-15
Pertinent to Lifting Entry. NASA SP-90, (see N73-71303
05-99), 1965, pp. 61-73, 73N71309. (see also 448.)

The purpose of this paper is to discuss the flight experiences
obtained in recovering the X-15 airplanes from high altitude
with conventional and adaptive controls, and to place these
experiences in proper perspective relative to future lifting



entry programs.

436. Burke, M. E.; and Basso, R. J.: Resume of X-15
Experience Related to Flight Guidance Research. NASA
SP-90, (see N73-71303 05-99), 1965, pp. 75-84, 73N71310.

The purpose of this paper is twofold. The first is to present
a resume of the experience gained to date in using these two
systems, and the second is to discuss a planned guidance
research program that will be implemented in the near future
on the X-15.

437. Adkins, E. J.; and Armstrong, J. G.: Development and
Status of the X-15-2 Airplane. NASA SP-90, (see N73-
71303 05-99), 1965, pp. 103-115, 73N71313.

The original X-15-2 airplane has been extensively modified
to provide a Mach 8 configuration. The modifications
included jettisonable tanks for additional propellants which
would provide the increased performance and consequently
would provide a realistic environment for the development
and evaluation of a hypersonic air-breathing propulsion
system. This paper summarizes the development and initial
evaluation of the modified airplane.

438. Watts, J. D.; Cary, J. P;; and *Dow, M. B.: Advanced
X-15-2 Thermal Protection System. NASA SP-90, (see
N73-71303 05-99), 1965, pp. 117-125, 73N71314.

The use of silicone-based elastomeric ablative material for the
advanced X-15-2 thermal protection system is discussed and
results of candidate ablator evaluation tests in arc facilities
and on X-15 flights at Mach 5 are presented.

*NASA Langley Research Center, Hampton, Virginia.

439. Bikle, P. F.; and *McCollom, J. S.: X-15 Research
Accomplishments and Future Plans. NASA SP-90, (see
N73-71303 05-99), 1965, pp. 133-139, 73N71316.

The purpose of this paper is twofold: first to review the overall
achievements of the X-15 project with proper emphasis on
the highlight of the papers presented and second, to indicate
future X-15 plans, both the definitely planned and approved
programs and several proposals that are not presently approved
but are believed to offer the potential of an excellent return
on investment.

*U.S. Air Force, Aeronautical Systems Division.

440. Matranga, G. J.; and Walker, J. A.: An Investigation
of Terminal Lunar Landing With the Lunar Landing
Research Vehicle. NASA TM X-74475. Presented at the
AIAA Manned Space Flight Meeting, St. Louis, Missouri,
October 11-13,1965, 77N74066. PDF CASI
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In summary, the LLRV has made 43 flights totaling 2 1/2
hours of flight time. Two pilots have shared the flying. The
first 10 flights checked out the vehicle attitude control system.
The next 7 checked out the auto-throttle. The next 17 checked
out the total lunar simulation system. The most recent flights
have been devoted to the attitude control system and handling
quality research. With appropriate LEM control, display, and
visibility conditions, the trajectory work will be performed. It
is anticipated the program at the Flight Research Center will
be completed next summer.

Keywords: Astronaut performance; Conferences; Helicopters;
Lunar landing modules; Tables (data).

441. Wolowicz, C. H.; and Gossett, T. D.: Operational
and Performance Characteristics of the X-15 Spherical,
Hypersonic Flow-Direction Sensor. NASA TN D-3070,
November 1965, 66N10603, #. PDF DTRS

The basic design concepts, operational experiences
(malfunctions, system characteristics, and system
improvements), and flight-data measurements of the sensor
are discussed and analyzed. The accuracy of the sensor in
measuring angle of attack and angle of sideslip is assessed
on the basis of an analysis of flight data and comparisons of
these data with X-15 flight data determined from vane-type
nose-boom installations and X-15 wind-tunnel data. Some
practical limitations in the use of the sensor for extreme
altitude applications are also considered.

Keywords: Hypersonic flow; Hypersonics; Sensors; X-15
aircraft.

442, Love, J. E.; and Young, W. R.: Component
Performance and Flight Operations of the X-15 Research
Airplane Program. NASA TM X-74527. Presented at the
Annual Symposium on Reliability, San Francisco, California,
January 25-27, 1966, November 1965, 77N74609.
PDF CASI

This paper discusses and analyzes the system and component
failures that have occurred during the X-I5 program.
Component performance is expressed in terms of its effect
upon the entire operation, that is, as a failure rate per flight.
Three representative systems are discussed: the engine
system, the auxiliary power system, and the propellant system.
Failures of shelf-stock components prior to their installation
on the flight vehicles are also examined.

Keywords: Component reliability; Diagrams; Flight tests;
Performance tests; X-15 aircraft.

443. McTigue, J. G.; and Thompson, M. O.: Lifting-Body
Research Vehicles in a Low-Speed Flight Test Program.
NASA TM X-57412. Presented at ASSET/ Advanced
Lifting Reentry Technological Symposium, Miami, Florida,
December 14-16, 1965, December 1965, 76N70924. PDF
CASI



The lightweight M-2 flight test program has demonstrated
the capability of a pilot to control lightweight lifting body
during approach, flare, and landing. Further investigation is
needed, however. Areas that are important, and that are being
investigated, include the use of optical landing systems,
night and instrument capability, and thrust-augmented flare.
A serious effort is required to reduce the complexity of the
aerodynamic control system to prevent the lifting reentry
vehicle from being seriously compromised in weight.

Keywords: Costs; Flight tests; Lifting bodies; M-2 lifting
body; Wind tunnel tests.

E-695
XB-70A Airplane

444. Sisk, T. R.; Irwin, K. S.; and McKay, J. M.: Review

of the XB-70 Flight Program. NASA SP-83. Presented at

the NASA Conference on Aircraft Operating Problems, May
10-12, 1965, 1965, 65N31120. PDF CASI

Although the major NASA research effort is directed toward
XB-70-2, which will not enter its flight program until the
summer of 1965, a limited amount of information is available
from the early flights of the XB-70-1 airplane. Initial take-off
and landing performance data have generally substantiated
predictions and indicate no unforeseen problems for this
class of vehicle. Vertical velocities at impact are of the same
order of magnitude as those being experienced by present-
day subsonic jets. The XB-70 distances from brake release
to lift-off graphically illustrate the advantage of the increased
thrust-weight ratio of the supersonic cruise vehicle. The
landing loads are well within the design limits up to the
highest vertical velocities encountered to date, and recorded
data show the response at the pilot station to be somewhat
greater than that recorded at the center of gravity. Persistent
shaking has been encountered in flight at subsonic speed.
The cause of the excitation is not known at present but the
oscillation does not appear to be conventional buffeting. The
oscillation occurrence drops off appreciably at supersonic
speeds and can be correlated with atmospheric turbulence.
The stability and control characteristics at subsonic speeds
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appear satisfactory with stability augmentation on and off.
A longitudinal trim discrepancy from predictions has been
noted in the transonic region which appears to be decreasing
with increasing supersonic speed. The supersonic handling
qualities are considered adequate with stability augmentation
off; however, sensitive lateral control has resulted in small
pilot-induced oscillations.

445. Andrews, W. H.; Butchart, S. P.; Sisk, T. R.; and
Hughes, D. L.: Flight Tests Related to Jet-Transport Upset
and Turbulent-Air Penetration. NASA SP-83. Presented at
the NASA Conference on Aircraft Operating Problems, May
10-12, 1965, 1965, 65N31114. PDF CASI

A flight program, utilizing a Convair 880 and a Boeing 720
airplane, was conducted in conjunction with wind-tunnel and
simulator programs to study problems related to jet-transport
upsets and operation in a turbulent environment. During the
handling-qualities portion of the program the basic static
stability of the airplanes was considered to be satisfactory
and the lateral-directional damping was considered to be
marginal without damper augmentation. An evaluation of
the longitudinal control system indicated that this system can
become marginal in effectiveness in the high Mach number
and high dynamic-pressure range of the flight envelope. From
the upset and recovery phase of the program it was apparent
that retrimming the stabilizer and spoiler deployment were
valuable tools in effecting a positive recovery; however, if
these devices are to be used safely, it appears that a suitable
g-meter should be provided in the cockpit because the high
control forces in recovery tend to reduce the pilot’s sensitivity
to the actual acceleration loads. During the turbulence
penetrations the pilot noted that the measured vibrations of
4 to 6 cps in the cockpit considerably disrupted their normal
scan pattern and suggested that an improvement should be
made in the seat cushion and restraint system. Also it was
observed that the indicator needles on the flight instruments
were quite stable in the turbulent environment.

446. Beeler, De E.: NASA Flight Research Center
Technical Programs. NASA-Western University Conference
at JPL, Jet Propulsion Laboratory, Pasadena, California,
November 8-9, 1965.

447. Tanner, C. S.; and McLeod, N. J.: Preliminary
Measurements of Take-Off and Landing Noise From a
New Instrumented Range. 1965, 65N31110. PDF CASI

This paper describes the NASA noise-survey instrumentation
system presently in use at Edwards Air Force Base, California,
and presents preliminary noise data from an F-104 airplane.
Also presented are noise measurements of the XB-70 and
707-131B airplanes obtained with essentially the same
equipment at another location. The difference between
measured noise levels for the XB-70 and 707 is illustrated
and comparisons of perceived noise levels are made. The



adequacy of noise predictions is discussed briefly.

1966 Technical Publications

448. Jenkins, J. M.; and Sefic, W. J.: Experimental
Investigation of Thermal-Buckling Characteristics of
Flanged, Thin-Shell Leading Edges. NASA TN D-3243,
January 1966, 66N15493, #. PDF CASI

The thermal-buckling behavior of a widerange of flanged, thin-
shell leading-edge specimens was investigated. Specimens of
varying geometry were subjected to temperature-rise up to
50 degrees F per sec (27.7 degrees per sec) and maximum
heating rates up to 19.6 Btu/ft 2-sec (222.4 kW/m2). The
specimens investigated were constructed of 2024-T3
aluminum, SAE 4130 steel, or Inconel X-750. Regions of
stable structural behavior were established on the basis of
leading-edge dimensional and thermal-load parameters. Two
types buckling were observed in the flanges of most of the
specimens. The results of the experiments provide thermal-
buckling information from which a variety of flanged, thin-
shell leading-edge geometries may be selected that are free
of unstable structural behavior while under the influence of
severe thermal loadings.

Keywords: Aerodynamic heating; Leading edges; Thermal
buckling; Thin walled shells.

449. McKay, J. M.; and Noll, R. B.: A Summary of the
X-15 Landing Loads. NASA TN D-3263, February 1966,
66N 15644, #. (see also 430.) PDF CASI

The dynamic response of the X-15 airplane at touchdown is
reviewed briefly to show the unusual landing characteristics
resulting from the airplane configuration. The effect of
sinking speed is discussed, as well as the influence of the
horizontal-stabilizer load, wing, lift, and increased landing
weight on the landing characteristics. Consideration is
given to some factors providing solutions to these problems,
such as cutout of the stability augmentation damper at gear
contact, pilot manipulation of the stabilizer, the use of a stick
pusher at touchdown, and a proposed third skid installed
in the unjettisoned portion of the lower ventral fin. Studies
to determine the effect on the main-landing-gear loads of
relocating the X-15 nose gear are discussed.

Keywords: Aircraft landing; Landing loads; Touchdown;
X-15 aircraft.

450. Holleman, E. C.: Control Experiences of the X-15
Pertinent to Lifting Entry. NASA TN D-3262, February
1966, 66N15643, #. (see also 432.) PDF CASI

In the program to expand the flight envelope of the X-15
airplane, flights to and entries from altitudes up to 350,000 feet
have been accomplished. During these entries, flight-control
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experience was obtained with four different control-system
configurations having varying degrees of complexity. The
high steady acceleration and rapidly changing aerodynamic
environment did not affect the pilot’s capability to control the
entry. All the control systems evaluated were judged by the
pilots to be satisfactory for the control of the X-15 entry from
the design altitude. Entries have been made that presented
more severe control problems than predicted for entries of
advanced vehicles at higher velocities.

Keywords: Aircraft control; Altitude; Atmospheric entry;
Flight control; High altitude.

451. Banner, R. D.; and Kuhl, A. E.: A Summary of
X-15 Heat Transfer and Skin Friction Measurements.
NASA T X-1210, also presented at the Second Annual
NASA-University Conference on Manual Control, M.L.T.,
Cambridge, Massachusetts, February 28-March 2, 1966,
February 1966, 71N72665. (see also 428.) PDF DTRS

Measured local Mach numbers and heat transfer obtained on
the lower surface of the X-15 wing and bottom centerline of
the fuselage at angles of attack up to 18° and on the vertical
fin with both a sharp and a blunt leading edge are summarized
and compared with calculations using Eckert’s reference-
temperature method. Direct measurements of skin friction
on the surface of the sharp-leading-edge vertical fin are also
presented. It is shown that both the heat-transfer and skin-
friction data can be predicted by neglecting the effect of wall
temperature in the calculation of the reference temperature
by Eckert’s method. Uncertainties in level and trend of
Reynolds analogy factor with Mach number are discussed,
and a planned flight investigation is described.

Keywords: Angle of attack; Heat transfer; Mach number;
Skin friction; X-15 aircraft.

452. Smith, Harriet J.. Human Describing Functions
Measured in Flight and on Simulators. NASA SP-
128. Presented at the Second Annual NASA-University
Conference on Manual Control, M.LT., Cambridge,
Massachusetts, February 28—March 2, 1966, 67N15871. (see
also 476, 507.) PDF CASI

Comparisons have been made between human describing
functions measured in flight and on the ground using two
different types of ground simulators. A T-33 variable-stability
airplane was used for the in-flight measurements. The ground
tests were conducted in the T-33 airplane on the ground with
simulated instrument flight and also on a general-purpose
analog computer in conjunction with a contact analog display.
For this study a multiple-degree-of-freedom controlled
element was used in a single-loop compensatory tracking
task. The input disturbance in each case consisted of the sum
of 10 sine waves with a cutoff frequency of 1.5 radians per
second. The results of this investigation indicate no significant
difference between the average describing functions measured



in flight and those measured in a fixed-base simulator.
However, the variance was found to be considerably higher
in the flight data. The system open-loop describing functions
measured in the fixed-base simulator agreed well with the
results of an investigation by McRuer in which the tracking
task was similar, although the controlled-element dynamics
were different. The average linear coherence was also close
to the values found in this same investigation. Contrary to
the results of previous investigations, the linear-correlation
functions p were always equal to 1.

453. Lewis, T. L.; and McLeod, N. J.: Flight Measurements
of Boundary-Layer Noise on the X-15. NASA TN D-3364,
March 1966, 66N19602, #. (see also 429.) PDF DTRS

This paper was included in a classified report entitled “Fourth
Conference on Progress of the X-15 Research Airplane
Program,” Flight Research Center, Oct. 7, 1965. NASA SP-
90, 1965 [see chronological numbers 425 through 435]. An
appendix has been added to describe the instrumentation, and
its frequency response, that was used in obtaining the data.

Keywords: Aerodynamic noise; Boundary layers; Flight
conditions; In-flight monitoring; Measuring instruments.

454, Saltzman, E. J.; and Garringer, D. J.: Summary of Full-
Scale Lift and Drag Characteristics of the X-15 Airplane.
NASA TN D-3343, March 1966, 66N19345, #. PDF CASI

Full-scale power-off flight lift and drag characteristics of the
X-15 airplane are summarized for Mach numbers from 0.65
to 6.0 and for free-stream Reynolds numbers from 0.2 x 10°
to 2.8 x 106 per foot. Comparisons are made between flight
results and the wind-tunnel data that most nearly simulate
the full-scale flight conditions. The apparent effect of a sting
support on the base pressure of an X-15 wind-tunnel model
was propagated onto the vertical-fin base at least one sting
diameter above and about one-half sting diameter forward
of the sting-model intercept at Mach numbers between
2.5 and 3.5. For the X-15, the effect amounts to from 8 to
15 ercent of the base drag between these Mach numbers.
For some future vehicles and missions, proper accounting
of this interference effect may be necessary to adequately
predict the full-scale transonic and supersonic performance.
Specifically conducted wind-tunnel-model drag studies,
when extrapolated to full-scale Reynolds numbers by the
T’ (reference temperature) method, accurately predicted the
full-scale zero-lift drag minus base drag of the X-15 at Mach
numbers of 2.5 and 3.0.

Keywords: Aerodynamic drag; Drag; Drag coefficients;
Flight characteristics; Lift drag ratio; Mach number.

455. Wilson, R. J.: Drag and Wear Characteristics of
Various Skid Materials on Dissimilar Lakebed Surfaces
During the Slideout of the X-15 Airplane. NASA TN
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D-3331, March 1966, 66N18172, #. PDF DTRS

An investigation was made to determine the coefficients of
friction and the wear characteristics for X-15 landing gear
skids of various materials. Data are presented for skids made
of 4130 steel, with and without cermet coating, and Inconel X
for several lakebed-surface conditions. The mean coefficient
of friction on a dry-hard surface was found to be 0.30 for 4130
steel skids, 0.36 for 4130 steel skids with cermet coating,
and 0.35 for Inconel X surface was 0.46; for Inconel skids
on a damp surface the mean value was 0.25. Flight data are
compared with experimental ground-tow test data on natural
and simulated lakebed surfaces. Also included is the variation
of skid wear with slideout distance.

Keywords: Aircraft landing; Cermets; Coefficient of friction;
Drag; Landing gear.

456. Wolowicz, C. H.: Analysis of an Emergency
Deceleration and Descent of the XB-70-1 Airplane Due
to Engine Damage Resulting From Structural Failure.
NASA TM X-1195, March 1966, 66N21099, #. PDF DTRS

An emergency on flight 12 of the XB-70-1 airplane at a Mach
number of 2.6 and a pressure altitude of 63,000 feet provided
unusual operational, handling qualities, and stability and
control data of interest to the supersonic-transport designer.
Failure of the wing apex, its ingestion into the right inlet duct,
and subsequent damage to the engines produced a steadily
deteriorating propulsion situation, which led to resonant
vibrations in the relatively flexible fuselage and subsequent
stability and control problems in attempting to deal with the
vibrations. The results of an analysis of this emergency may
be useful in developing adequate operational margins and
procedures in the design of the supersonic transport.

Keywords: Aircraft performance; Damage; Deceleration;
Descent; Emergencies.

457. Barber, Marvin R.; Haise, Fred W.; and Jones, Charles
K.: An Evaluation of General Aviation Aircraft Flying
Qualities. SAE-Paper-660219. Presented at the Business
Aircraft Conference, Wichita, Kansas, March 30—April 1,
1966, 66A26396.

Flying qualities of six late-model personal-owner aircraft in
visual and instrument flight.

458. Holleman, E. C.: Summary of High-Altitude and
Entry Flight Control Experience With the X-15 Airplane.
NASA TN D-3386, April 1966, 66N21041, #. PDF CASI

This paper summarizes the high-altitude X-15 flight
experience, which culminated in a flight to an altitude of
354,200 feet. Discussed are the basis stability, control,
and handling characteristics of the airplane, the cockpit
displays, and the operational techniques that enabled it to



be successfully flown to and recovered from high altitudes
without special piloting aids other than stability augmentation.
Flight experience to moderately high altitude with the airplane
equipped with interim rocket engines is discussed.

Keywords: Aircraft control; Aircraft performance; Flight
control; High altitude; X-15 aircraft.

459. Taylor, L. W., Jr.; and Iliff, K. W.: Recent Research
Directed Toward the Prediction of Lateral-Directional
Handling Qualities. NASA TM X-59621, also presented
as AGARD paper R-53 at the AGARD 28th Meeting of the
Flight Mechanics Panel, Paris, France, May 10-11, 1966,
May 1966, 67N23242, #. PDF CASI

A survey of lateral-directional handling qualities has been
made for the purpose of developing a technique for predicting
pilot ratings. This survey was made by obtaining pilot ratings
of lateral control on a fixed-base simulator in conjunction
with a color contact analog display. The effect of five lateral-
directional handling qualities parameters were studied by
systematically varying them over a wide range. Forty-five
charts comprise the results of this survey. However, these
have been condensed into three charts to provide a rapid
means for hand computing the pilot ratings. For more
accurate predictions a digital computer program was written
which incorporated the data from all 45 charts.

Keywords:  Controllability;  Lateral control;  Pilot

performance; Predictions; Ratings.

460. Berry, D. T.; and Deets, D. A.: Design, Development,
and Utilization of a General Purpose Airborne Simulator.
NASA TM X-74543, AGARD Paper 529, also presented at
the AGARD 28th Flight Mechanics Panel, Paris, France,
May 10-11, 1966. May 1966, 77N74646. PDF CASI

The general purpose airborne simulator is a variable stability
and control aircraft with abroad range of capabilities. Amodel-
controlled system is the primary means of simulation, since it
offers reduced flight calibration time, ease of programming,
and increased accuracy. Flexibility has been emphasized
in system design to insure a versatile vehicle. Initial flight
tests tend to confirm the advantages of the model-controlled
system and the general purpose capabilities of the vehicle.
Expected utilization will emphasize supersonic transport and
XB-70 applications.

Keywords: Aircraft control; Control stability;
analysis; Flight simulators; Ground based control.

Design

461. Patten, C. W.; Ramme, F. B.; and Roman, J. A.: Dry
Electrodes for Physiological Monitoring. NASA TN
D-3414, May 1966, 66N25548, #. PDF CASI

A method for very rapid application of electrocardiogram
electrodes by spraying a conductive mixture is described.
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The electrodes are also suitable for electroencephalograms.
All required equipment and the application procedure are
described in detail. The finished electrode is dry and is less
than 0.01-inch thick. Electrical and operational factors are
not considered.

Keywords: Bioinstrumentation; Drying; Electrocardiography;
Electrodes; Electroencephalography.

462. *Sadoff, Melvin; *Bray, Richard S.; and Andrews,
William H.: Summary of NASA Research on Jet Transport
Control Problemsin Severe Turbulence. Journal of Aircraft,
Vol. 3, No. 3, May—June 1966. PDF AIAA

Research results from analytical, piloted-simulator, and
flight studies have made it possible to evaluate the relative
significance of cockpit accelerations, stability and control
characteristics, and handling qualities in the upsetand recovery
problems of swept-wing jet transports encountering severe
turbulence. Results of simulator tests, conducted on a device
capable of reproducing cockpit-acceleration response to
thunderstorm turbulence, indicated that cockpit accelerations
(including vibration caused by a predominant fuselage
bending mode) were distracting to the pilots and impaired
their normal instrument-scan pattern. These acceleration
effects appeared to be primary contributing factors to several
incidents involving marginal and complete loss of control
observed during pilot performance of a complex task in the
simulator. Results and comments from a number of airline
pilots exposed to the simulation demonstrated the training
potential of this type of simulator for familiarizing the pilot
with the disconcerting accelerations of the aircraft and with
handling characteristics beyond the normal operating range.
Flighttests,conducted in cooperation with the Federal Aviation
Agency (FAA), indicated that, in simulated upsets, elevator
control alone was insufficient for recovery, even at moderate
overspeeds. Spoilers and stabilizer proved useful control aids
for recovery; however, the use of an accelerometer to monitor
acceleration during recovery was considered desirable.

* NASA Ames Research Center, Moffett Field, California.

463. Andrews, W. H.: Summary of Preliminary Data
Derived From the XB-70 Airplanes. NASA TM X-1240,
Washington, NASA, June 1966, 66N28013, #. PDF DTRS

Preliminary data obtained during the initial flight-envelope
expansion of the XB-70 airplanes are presented in the areas
of stability and control, general performance, propulsion-
system inlet operation, structural thermal response, internal
noise, runway noise, and sonic boom.

Keywords: B-70 aircraft; Flight tests; Performance;
Propulsion; Sonic booms; Supersonic transports.
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XB-70A Airplane, Three-View Drawing

464. Palitz, M.: Measured and Calculated Flow Conditions
on the Forward Fuselage of the X-15 Airplane and Model
at Mach Numbers From 3.0 to 8.0. NASA TN D-3447, June
1966, 66N26849, #. PDF DTRS

Early analyses of X-15 flight heat-transfer data were based
on calculated values of the local-flow conditions. The
resultant differences between measured and predicted heat
transfer were thought to be partially due to an incomplete
knowledge of the local fluid properties. Subsequently, a flight
investigation was made to determine the extent and character
of the local flow on the X-15 airplane in order to aid in the
interpretation of the measured heat-transfer data. The results
of the flow-field investigation on the forebody of the X-15 are
presented and analyzed in this paper.

Keywords: Aircraft models; Angle of attack; Fuselages;
Hypersonic flow; Mach number.

465. Larson, Terry J.; and Covington, Alan: A Technique
for Measuring Mesospheric Densities With the X-15
Research Airplane. AIAA-1966-441. Presented at the Fourth
Aerospace Sciences Meeting, Los Angeles, California, June
27-29, 1966. PDF AIAA

Atmospheric-density measurements for altitudes between 30
kilometers and 74 kilometers were obtained during flights
with the X-15 research airplane in the southwestern United
States. The pilot-pressure method used to derive the densities
is discussed in terms of its applicability to X-15 trajectory
and instrumentation characteristics. The use of radar tracking
to derive X-15 velocity and altitude is described, as well as
the manner in which rawinsonde and rocketsonde data are
applied. Flow-angularity effects were avoided by measuring
stagnation pressures on a spherical flow-direction sensor,
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which maintains continuous alignment of the pilot-pressure
port with the local flow vector. The quality of the data was
further enhanced by applying semiempirical lag corrections
to the pressure measurements. The measured density and
derived temperature data from the X-15 agree well with
rawinsonde data at low altitudes and with Arcas rocketsonde
data at higher altitudes.

466. Jenkins, J. M.: A Pretensioning Concept for Relief of
Critical Leading-Edge Thermal Stress. NASA TN D-3507,
July 1966, 66N30079, #. PDF DTRS

This paper introduces an analytical concept designed to
relieve problems arising from the chordwise temperature
gradients by reducing the magnitude of critical compressive
stress in a leading edge. The reduction is accomplished by
adding an internal column that applies an internal load to the
ends of the leading edge. Equations that define the behavior
of a pretensioned leading edge are developed and applied to
a mathematical model to demonstrate the mechanics of using
the concept.

Keywords: Critical loading; High temperature; Leading
edges; Stagnation point; Thermal stresses.

467. Powers, B. G.: A Parametric Study of Factors
Influencing the Deep-Stall Pitch-Up Characteristics of
T-Tail Transport Aircraft. NASA TN D-3370, August 1966,
66N32326, #. PDF DTRS

This paper presents the results of the program, in which the
transport-type aircraft were investigated. A series of stall
maneuvers was made with deceleration rates into the stall of
1, 3, and 5 knots per second, with recovery initiated over a
range of angle attack. The relative effects of the shape of the
pitching-moment curves in the deep-stall region as well as
in the initial-stall region were determined in terms of angle-
ofattack overshoot and altitude losses during recovery.

Keywords: Aerodynamic stalling; Analog computers;
Computer programs; Pitching moments; T shape.

468. Roman, James: Flight Research Program-III High
Impedance Electrode Techniques. Aerospace Medicine,
Vol. 37, No. 8, August 1966.

This paper describes electrode techniques designed for large-
scale flight physiological data collection on a routine basis.
Large-scale data collection requires both smaller demands on
crew time and less interference with crew comfort than could
be achieved by former methods. The resistive components
of electrode impedance appears to be related primarily to
the extent of skin preparation. For any one method of skin
preparation, both resistance and capacitance appear to be
primarily a function of electrode area. Motion artifacts are
not caused by changes in electrode impedance. Dry electrodes
showing a resistive component in excess of 50,000 ohms can



be used to obtain tracings of quality comparable, and in some
cases superior to those obtained with larger wet electrodes.

469. Quinn,R.D.;and Palitz, M.: Comparison of Measured
and Calculated Turbulent Heat Transfer on the X-15
Airplane at Angles of Attack Up to 19.0 Degrees. NASA
TM X-1291, September 1966, 73N70599. PDF CASI

Measured turbulent heat-transfer coefficients, surface static
pressures, and Mach number profiles in the shear layer were
obtained on the lower forward-fuselage centerline and lower-
wing midsemispan of the X-15 airplane. The measured heat-
transfer coefficients and Mach number profiles are compared
with calculated values. Heat-transfer coefficients were
obtained from measured skin temperatures at free-stream
Mach numbers from 4.15 to 5.50, angles of attack from 0.9°
(0.016 rad) to 19.0° (0.332 rad), and free-stream Reynolds
numbers from 1.17 to 2.68 X 106 per foot (3.84 to 8.8 x 10°
per meter). The heat-transfer coefficients measured on the
wing at low and high angles of attack and on the fuselage
at low angles of attack are compared with values predicted
by Eckert’s reference enthalpy method and the theory of
van Driest. The comparisons show that the calculated heat-
transfer coefficients overestimate the measured data by
18 percent to 50 percent. The measured heat-transfer
coefficients obtained on the fuselage athigh angles of attack are
compared with values predicted by Beckwith and Gallagher’s
turbulent swept-cylinder theory. Good agreement is shown.
It is further shown that the level of the measured data obtained
on the fuselage at low angles of attack and on the wing can be
adequately predicted by Eckert’s reference enthalpy method
if the effect of wall temperature is neglected.

Keywords: Aerodynamic characteristics; Aerodynamic
coefficients; Aerothermodynamics; Turbulent flow; X-15
aircraft.

470. Barber, Marvin R.; and Haise, Fred W., Jr.: Handling
Qualities Evaluation of Seven General Aviation Aircraft.
Symposium Proceedings, Society of Experimental Test Pilots,

Vol. 8, No. 2, September 23-24, 1966.

471. Mallick, Donald L.; Kluever, Emil E.; and Matranga,
Gene J.: Flight Results With a Non-Aerodynamic, Variable
Stability, Flying Platform. Symposium Proceedings,
Society of Experimental Test Pilots, Vol. 8, No. 2,

September 23-24, 1966.

472. Thompson, Milton O.; Peterson, Bruce A.; and *Gentry,
J. R.: Manned Lifting-Body Flight Testing. NASA T™M
X-59042, also presented at the SETP 10th Symposium, Los
Angeles, California, September 1966.

This paper describes the Joint NASA-Air Force lifting-
body flight test program and the three research vehicles, the
M2-F2, the HL-10 and the SV-5P. These three vehicles are
representative of manned maneuverable reentry spacecraft
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capable of horizontal landing.

*Air Force Flight Test Center, Edwards, California.

473. Jarvis, C. R.: Operational Experience With the
Electronic Flight Control Systems of a Lunar-Landing
Research Vehicle. NASA TN D-3689, October 1966,
66N39536, #. PDF DTRS

Two research vehicles were delivered to the NASA Flight
Research Center in the Spring of 1964. After delivery, several
months were devoted to checking systems and installing
research instrumentation. During this period, many problems
were encountered which required extensive modifications to
the vehicle and its systems. Subsequent development flight
testing disclosed additional problems and resulted in further
modifications. This paper discusses the nature of these
problems and the performance of the flight control systems
during the early flights.

Keywords: Electronic control; Electronic equipment; Flight
control; Lunar landing; Lunar landing modules.

474. Layton, G. P, Jr.; and Dana, W. H.: Flight Tests of a
Wide-Angle, Indirect Optical Viewing System in a High-
Performance Jet Aircraft. NASA TN D-3690, October
1966, 66N38800, #. PDF DTRS

A wide-angle, indirect optical viewing system was
qualitatively evaluated in an F-104B aircraft as a means
of providing visual reference to the pilot. Safe and
acceptable performance using the indirect viewing system
was demonstrated for all phases of daytime visual flight.
Landings were performed in both the conventional and low
lift-drag-ratio configurations. When the horizon was in the
field of view, aircraft attitude sensing with the optics was
satisfactory about all axes except pitch attitude in climbing
flight. This degraded pitch-attitude sensing was due to the
poor resolution at the bottom of the field and the lack of view
to the sides. A night flight was also performed. The system,
in its present form, was considered unacceptable for this use
because of large light losses and degraded res