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FOREWORD

In 1945, the National Advisory Committee for Aeronautics (NACA) added a new dimension to its
capability for aerodynamic research at high speeds when it authorized the Langley Research Center to
proceed with development of Wallops Island as a site for research with rocket-propelled models. This
step was prompted in large part by the need for extending capabilities for aerodynamic research
through the speed of sound and into the supersonic range of speeds, with continuous coverage of flow
phenomena at all speeds involved. Transonic wind tunnels had not yet been developed, and supersonic
wind tunnels were far from adequate for exploration of the many aerodynamic problems that required
immediate consideration.

The availability of small solid-fuel rockets and advances in instrumentation made it possible to
proceed rapidly with a wide variety of experiments that served as a most useful supplement to other
research capabilities. The great demand for aerodynamic information of all kinds obtained at con-
tinually increasing speeds was met by constant improvement in the techniques for applying rocketry and
flight instrumentation to acquisition of a broad spectrum of scientific and engineering aerodynamic
data. Rocketry and instrumentation were considered only as a means to an end, continually being im-
proved and varied so as to provide a thoroughly coordinated supplement to the constantly advancing
capability of ground-based research facilities.

Starting with initial operations in 1945 and continuing throughout the years, Wallops Flight
Center, as a launching site used for research purposes, has retained a flexibility and responsiveness to
the continually varying requirements of experimental research to achieve important advances in aero-
nautics and space science. Nearly all requirements for propulsion have been met with relatively small
solid rockets staged in various ways to meet the needs of any given research task. The largest and most
sophisticated of the launch vehicles has been the versatile Scout four-stage solid-fuel vehicle capable of
launching small satellites or of being adapted to other uses.

A very important result of the program carried out at Wallops was effective preparation of the
NACA to take on responsibilities as the nucleus of the National Aeronautics and Space Administration
(NASA). The know-how and knowledge stimulated and developed by this program, coupled with
NACA research activities with man-carrying aircraft at the Dryden Flight Research Center, Edwards,
California, were prime factors that prepared the NACA for its subsequent responsibility.

Floyd L. Thompson, Director (1960 - 1968)
NASA Langley Research Center
Hampton, Virginia 23665
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PREFACE

I have written this history of the first 15 years of Wallops Flight Center (1945—1959) because it rep-
resents an exciting episode of my life and because 1 agree with Robert L. Krieger, Director of Wallops,
that unless the early years are documented, the many contributions made by Wallops to the develop-
ment of this nation’s guided missiles and supersonic airplanes might be forgotten.

A story of Wallops Island and its flight test range is at the same time a story of the Pilotless Aircraft
Research Division (PARD) of the Langley Aeronautical Laboratory of the National Advisory Committee
for Aeronautics (NACA), Langley Field, Virginia, because Wallops was the experimental laboratory or
test base for this division. The test models, constructed for the most part at Langley, were shipped to
Wallops where they were assembled with their rocket motors and then launched out to sea. These
rocket-propelled models provided the research data, obtained in flight at transonic and supersonic
speeds, that made possible the design of effective supersonic airplanes and missiles at a time when
comparable ground facilities were nonexistent. In later years, the flight speeds of the rocket models
were extended first to the hypersonic speed range, then to intercontinental ballistic missile speeds, and
then into the satellite range and even higher as the NACA became the nucleus of the National Aero-
nautics and Space Administration (NASA) in 1958.

In the spring of 1965, Krieger and Joseph E. Robbins, Administrative Officer, asked me to prepare
a history of the early years of Wallops. They were aware of my personal knowledge of the activities in
the early years, as well as my interest in Wallops. When I retired from Langley in 1963, I had been
engaged in research there for nearly 35 years. I was appointed Assistant Chief of PARD in 1948, and in
1951 succeeded Robert R. Gilruth as Division Chief, a position Gilruth had held since the beginning of
the station in 1945. I held this position until my retirement and supervised all Langley projects involving
rocket launchings during this period.

Although this history has been prepared with the benefit of my personal knowledge of the activities,
I have tried to verify all of my recollections with official letters, memoranda, reports, photographs, and
other historical documents. In addition, I have held many discussions with other NASA employees who
were also directly involved with Wallops. I wish to express my appreciation to all of these people for their
assistance; and, in particular, 1 want to acknowledge the aid of Mrs. Neva B. Brooks, Head of Central
Files at the Langley Research Center, who was most helpful in locating pertinent historical documents.

Joseph Adams Shortal
Hampton, Virginia 23665
1978

vii






CONTENTS

Foreword .. ... .. . v
Preface ... o vii
CHAPTER 1. EVENTS LEADING TO THE ESTABLISHMENT OF

WALLOPS FLIGHT CENTER ... ... ... i, 1
TheNACAandItsWartimeRole . ............. ... . ... . . 1
Status of High-Speed Airplane Research ................ ... .. .. ... ... .. ... ... . . ... . ... 4
Radarand Telemetry ....... ... . 6
Statusof Jet Propulsion ....... ... .. 7
Langley Support of Guided Missiles .......... ... ... 9
Initiation of the Tiamat Program ................ ... oo i i 12
Army and Navy Requests to Accelerate High-Speed Research................................... 14
Langley Special Flying Weapons Team . . ...........ooouuiniineii i, 15
Committeeson Guided Missiles .. ................iiiiuiniii i 16
NACA Decision To Establish a Missile Test Station .....................o i, 16
CHAPTER 2. PRELIMINARY PLANSANDPROGRAM ..........oooiuiiininainnnn.. 19
Formal Proposal For a Missile Test Station .. .................ooiiiiiiiiiii i, 19
Congressional ACHON . ....... ... i e e 21
Selectionof Site .. ... ... . 23
Contacts With Navy at Chincoteague ........... ... .o, 25
Rocket Motor Procurement .............. . oot 26
CHAPTER 3. OPERATIONS WITH TEMPORARY

FACILITIES: 1945-1946 .. ... ... ... i 29
Acquisition of Real Estateand SeaRange . .............. ... ... i i 29
Management Organization and Plan for Project Operation ..................................... 35
Transfer of Equipment From Military Services .....................oiuiuiiiiuiniii .. 38
Temporary Construction and First Rocket Firing ............. .. ... ... ... i, 40
Instrumentation ......... ... . 46
Safety Considerations . ........ ... ... 48
Test OPerations ... ...ttt e e e 49




Tiamat Missile Program . ... ... ... 49
NACA Supersonic Missile: RM—1 .. ... 54
Navy Lark Missile Support . ... .. e 56
Beginning of a Drag Research Program: RM—2 ... ... ... ... ... . ... ... .. .. .. .. oo... 57
Freely Falling Body Program ....... ... ... . . e 60
Living Conditions .. ... . 66
Relations With the Navy at Chincoteague .......... ... ... ... . i, 69
CHAPTER 4. FIRST YEAR WITH PERMANENT FACILITIES: 1947 ....................... 73
Description of Permanent Facilities . ........... ... ... .. . . . 73
Transportation Between NACA Langley and Cape Charles ...........................ccoiuunn. 79
Procurement of High-Performance Rocket Motors ......... ... ... ... . o, 80
Range Safety ....... ... 84
Flutter Programn ... ... 84
Aerodynamic Control Program ....... ... .. ... .. e 86
Republic XF-91 Airplane ........ ... ... . e 88
Continuation of the Drag Program ......... ... . . . i 88
CHAPTER 5. YEAR OF REORGANIZATION: 1948 ... ... ottt 93
Changesin Management . ....... ... ittt e e i e 93
Expansion of Instrumentation . ... ... ... 97
DredgingofaBoatChannel ........ ... . . . 103
Conflict With NAOTS, Chincoteague . . . ...ttt e e 104
Continuation of Rocket-Model Drag Program .......... ... ... ... ... ... 106
Continuation of Freely Falling Body Program ........... ... ... ... .. ... ... . iiiiiiiiiiinn 107
Continuation of E5 Aerodynamic Control Program ........ ... ... ... ... ... ... ... ........ 108
Continuation of Flutter Program . ......... ... . . . e, 110
CHAPTER 6. YEAR OF PURCHASE OF THE ENTIRE ISLAND: 1949 ..................... 115
PurchaseoftheIsland ... ... .. .. . . . . 115
ExtensionoftheSeaRange .. ... ... ... . e 116
Preflight Jet ... . 118
General Missile Stabilization Research Program: D4 .......... . ... ... ... . .iiiiiiiiiiann. 122
Gorgon Missile .. ... .. . e 123
Bell Rascal Guided Missile Program ........... ... i i 124
Lewis Air-Launched Ramjet Program ......... ... .. . ... . .. i i i 125
Large-Scale Rocket-Model Drag Program: E17. ... ... ... ... ... .. . ... .. .. 126
Rocket-Model Test of Douglas XS—3 Research Airplane ........ ... ... . ... o ... 127
General Airplane Longitudinal Trim and Drag Program: E7 .......... .. ... .. ... ... ....... 128
Convair XF—92 Airplane Program ........... .. ... . e 128
General Airplane Dynamic Longitudinal Stability Program: EI15 ............ .. ... ... ....... 130
Control Hinge Moments Research Program: D8 ........ ... ... ... . ... . .. iiiiiiiinnanan..s 131
Damping-in-Roll General Research Program: D13 ....... ... ... ... ... ... ... ... ..., 132
How Projects Originated: Relative Roles of Langley and Wallops; Safety Considerations .......... 132
CHAPTER 7. YEAROF RAMJET ACHIEVEMENT: 1950 .............. ..., 139
Constructionof New Facilities .......... ... e .... 139
Helium Gun ... ... e B 141
New RocketMotors .............. ... i, e 143
Security and Exclusive Federal Jurisdiction . ... .. ... . ... .. .. .. . . i 144
Attempts to Establish a West Coast Aerodynamic Test Range ............... ... 146

X




Wallops Photography and the Hulcher Camera ...t 147

Navy Sperry-Douglas Sparrow Guided Missile .......... .o 156
Northrop Boojum Supersonic Strategic Missile ...t 160
Air Force Republic XF—91 Airplane ..ot 160
Rocket Models of Bell X—2 Research Airplane ... ... ... 163
Jettisonable-Nose Pilot-Escape System .. .........oiiiiiiiiiiii e 163
Langley Ramjet Research Program: F23....... ...t 166
Difficulties With Range Clearance For Ramjet Firings .......... ..ot 170
Continuation of Lewis Air-Launched Ramjet Program....... e e 171
Initiation of a Transonic Inlet Research Program: F26 .......... ..., 171
Transonic Wing Dropping and Buffeting ............... .o 173
Wing-Drag Programs: F25and E2 ......... ... 174
Continuation of E5 Lateral Control Program . ... ... ..o i 179
JEtVane Controls .. ......cooutnion e 180
CHAPTER 8. SUPERSONIC BODIES AND HEAT TRANSFER: 1951 ..............oonnnnt 183
Wallops Personnel and Overall Changes in Management . ...........ooooiiiiineirnen e 183
Aerial Mosaic and Grid Survey of Wallops Island . ...... ... oo 187
Navy Operations and Granting of Use Permit ......... .. oo 187
D22 and F36 Ramjet Missile Tests and Plans To Use Banana River Range ...................... 188
Assistance in Tracking High-Speed Airplanes ......... .. .. ..o 192
Accidents at Wallops ... ...ttt 193
NACA Management Control Information System . ...t 200
Northrop Snark Subsonic Strategic Guided Missile ..ot 202
Douglas X—3 Research Airplane ............. ..ottt 204
Additional Tests of Convair XF—92 Airplane . .......... ... 207
Supersonic Body-Drag Research Including Jet Effectsonthe Base Drag ........................ 208
Nacelle Drag at Transonic Speeds ... ........ooou i 215
RM—10 Body Drag and Heat Transfer Program ..............oiiiiiiiiiiiiiniinnreeenes 218
Continuation of Large-Scale Wing-Drag Programs ............. ..ot 223
Longitudinal Stability and Drag of Airplane Configurations ...............cooooviieieeeee.. 226
Notes on Lateral Stability of Airplanes From Rocket-Model Tests .............ooeiiiiiniinnnns 229
Aerodynamic Damping-in-Roll Research: D13andEl4 ... 230
CHAPTER 9. MANDATE FOR RESEARCH AT HIGHER SPEEDS

AND ALTITUDES: 1952 ...ttt enaes 237
Hypersonic Research Planning ........... ... 237
Expansion of Research Facilities ......... ... i 241
Assistance in Upper Atmosphere Research . ...... ... 251
Grumman XFIOF—1 Airplane .. ........oouiinon it 252
Douglas XF4D—1 Skyray Airplane .......... ..ot 254
Coupling of Lateral and Longitudinal Oscillations of Airplanes ................ooooeiiienn.. 256
Jet Board and the Whirligig . ... ......vveeerineaii 257
Tailpipes for Solid-Fuel ROCkEt MOLOTS ... ... oouuineiti e 260
Preflight Jet and Flight Tests of Solid-Fuel Ramjets: F29 ...... ..o 260
Assistance on Navy Acoustic Seeker Project ... 262
Drag of Nose Shapes Suitable for Target Seekers ..............ooooiiiiiiii e 265
Continuation of Guided Missile Automatic Control Program: D4 ........... ... ..ooiviennn. 267
Research Missile Aerodynamic Stability and Control Program: D3 ..............ocooieniinnnns 269
Guided Missile Control Hinge Moment Program: D8and E16 ................cooovviniinnn 272



Continuation of E5 Lateral-Control Program ............................ .. ... ... . 274

Development of “Aeropulse” Technique: D35 .......................... .. ... ... . . .. ... . 275
Rocket-Model Research Programon Buffeting: D28 ..................... ... ... ... . . .. .. 275
Aerodynamic Damping-in-Pitchof Wings: D32 ........................ ... . ... ... ... ... 278
CHAPTER10. BEGINNING OF HYPERSONIC RESEARCH PROGRAM: 1953 ............ .. 287
Implementation of Hypersonic Program ......................... ... .. ... ... .. ... . 287
Instrumentation for Hypersonic Speeds .......................c.o o 292
Navy Agreement on Wallops Range Extension .......................... ... ... ... ... ... . 293
New Construction ........... ... .. it 294
Assistance tothe Navy at Wallops ...............ooooiio i 296
Recreationon Wallops Island ........... ... 297
Criticism of Delays in Military Fight Projects .......................... i i 302
Convair B—58 Hustler Supersonic Bomber ........................... ... ... ... ... .. . 302
North American Navaho Guided Missile ................................... .. ... .. ... .. 309
McDonnell XF3H -1 Airplane Program .............................. ... ... ... ... .. . 310
Navy BuAer Grumman Rigel Flutter Test .. ..........................oo 314
Navy BuOrd Eastman Kodak Dove Guided Missile .................................. ... ... . 314
Assistance to Army Ordnance Hermes Project . .......................... ... ... . ... . 316
Army Ordnance 40-Millimeter Shells ........................... ... ... ... ... ... .. 318
Vapor Cooling of Reentry Nose CONes . .................ouoieiueeii 320
Continuation of Langley F23 Ramjet Flight Program .................... ... ... ... ... .. 321
Completion of Lewis Air-Launched Ramjet Flight Program ........................... ... . 323
Transonic Inlet Research: F26 .................... ... o i 326
Application of Area Rule to Wing and Body Design ............................... ... .. 330
Continuation of Airplane Longitudinal Stability Research ..................... .. ... ... ... . 333
Continuation of Wing Flutter Program ............................ .. ... ... ... ... .. 336
Aerodynamic Heating and Flutter of Structural Panels ......................... . .. ... .. . 340
Simple Infrared Missile Homing System: D38 ......................... ... ............ . . 344
Gust Loads Research at Transonic Speeds: E39 ......................................... .. . 345
CHAPTER 11. CENTURY-SERIES AIRPLANES AND

MULTISTAGEROCKETRY: 1954 .............ooooiinii i, 351
North American YF—100A Supersabre Airplane ..................... ... ... ......... . 351
Convair F—102 Delta Dagger Fighter .. ................................................ . 353
Lockheed XF—104 Starfighter Airplane ................................................ . . . 355
Chance Vought XF8U—1 Crusader Airplane ................................. ... ... 357
Convair XF2Y—1 Sea Dart Hydroski Fighter ....................... ... ... ... ... ... . 358
Convair XFY—1Pogo VTO Airplane .................. .. ... ... ... ... 360
Chance Vought Regulus I1 Guided Missile. ............................................... . 362
Continuation of Bell Rascal Guided Missile Program ..................................... 362
Hughes Falcon Air-to-Air Guided Missile ..................................... ... ... . . 365
Navy Sidewinder Missile .................ooooii 367
AGARD Model 2. o 368
JetEffectsonBody Drag: FI12............oooiiii oo 370
Continuation of E5 Rolling Effectiveness Program ......................................... . 371
Aeroelasticity Research Program: E31 ................. ... . ... . ... ... 373
Initiation of Hypersonic Heat Transfer Program: F40 .............................. ... 375
Lewis Heat-Transfer Program for Air-Launched Models ................................. ... 381
Status of Wallops atthe End of 1954 . .................. ... ... .. . .. . .. .. 382
xun




CHAPTER 12. INITIATION OF HIGH-TEMPERATURE RESEARCH: 1955 ... ool 387

Changes in Organization and Review of Facility Needs. .. ovuirenei e 387
Additions t0 EQUIPMENE . ... .tnntiitt ittt 390
Aerodynamic Ignition of Metals ................. e e e 391
McDonnell F—101A Voodoo Airplane . ...........oooiiioiiiiiiiiirieniiiiia e 393
Grumman F11F—1 Tiger Airplane ...........ooo oot 394
Boeing Supersonic Bomber: Air Force Project MX~— 1702 ot 395
Martin Bullpup Air-to-Ground Guided Missile ..............oooooviiiiiiereeeee 396
Naval Ordnance Laboratory Smoke ROCKEt .........oooiiiiniininiiiinnnreee e 397
University of Michigan Nike-Deacon Sounding Rocket ............ooomnnrirrrnnnrereeen..s 399
Completion of Langley Ramjet Research Program: F23andF29 ...t 403
Effects of Jet Exhaust on Adjacent Surfaces ............coooiiiiiiiniirerrienrirrrs 406
Transonic Control Surface Buzz: D27 ... ... i ittt 414
Completion of Drag Research by Aeropulse Technique: D35 ..........ooiiiiiiiinn. 416
Completion of Airplane Longitudinal Stability Research . ..ovvvviiniaeniaiiiiieniineaanenns 418
Preflight Jet Research on Bomb Ejection at SupersonicSpeeds . ... ... 422
Blast Facility and Blast Loads Research .............oooiiiiiiiiiiiiiiaienieeeee e 427
CHAPTER 13. FIVE-STAGE MACH 15 RESEARCH VEHICLE: 1956 ............ccoconnees 441
Continued Development of Hypersonic Launch Vehides ............occoomveeenieemeen.. 441
Development of Ethylene High-Temperature jet and Exploratory

Tests OF BOOStET FAIS .« . o o vttt et eeeiam e s e e s s st 447
Development of Cajun RoCKet MOOT ... ... iviiiiiiiiiiiiii e 451
Development of Nike-Cajun Sounding ROCKet . . .. «.o.ouniiiiiiirrrreinnnnnenrrrerenneeees 452
LoKi SOlA-ROCKEE MOUOT . . . vttt eete et e atae et eaeeteae et a e e st sees 454
Douglas F5D—1 Skylancer Airplane ..............oooimvuianrererrneererrrrnrrrr e 455
Republic F-105 Airplane Wing Flutter INVESHIGALION .. ..ot 455
Canadian AVRO CF—105 Arrow Airplane . .........ooueiiiiiiiiieinniinarcererne e 457
Tracking of Army Gun-Launched Rocket Projectiles ... ....oovneumienmntniniiaieianens 458
Preflight Jet Drop Tests of Avco Test Vehicle ..........ooonnniiiiineeerrrerenreeere 459
Project Hugo: Hurricane Photography by Nike-Cajun Sounding Rocket .................oonene 459
Completion of Gust-Loads Research: E39 ..........ooovoiiiiirireneerermrreeeeeees 464
Leading-Edge Missile Launcher ..............oooiiiniiiiiiirrneni e 465
Completion of Airplane Wing and Body Drag Research . .....oovuuuiinianinnecenneoannannns 466
Completion of Inlet-Research Flight Program .. ..........ooovvieriinrererrmarnrmnnnneseeees 469
Drag, Stability, and Control of Short-Span MISSIIES © .t ve e et eie e i 471
General Lateral Stability Research: E42 ...........coiiiiiiniiainiirinrnernrraeeenes 474
Completion of Lewis Air-Launched Rocket-Model Heat-Transfer Program ...t 475
PARD Heat-Transfer Research on Slender Bodies ..........cooooiiiiiiniiiriieeernene. 484
Heat Transfer to Aircraft COmPONENtS ... .......ovieeaneeer it arererr et s 488
CHAPTER 14. BALLISTIC MISSILE NOSE CONE RESEARCH: 1957 ..........oonooiaenen. 497
New Facilities and Dred@ing . . .. ....oooevnernn it e 497
McDonnell FAH—1 Phantom Airplane . ..........oooiiiiiiniiierareneeneees e 500
Ejection Tests.of Genie Rocket From Convair F—106 Airplane Model ...............coieininnns 501
Martin Titan ICBM Aerodynamic Heat Transfer ..........c.ocoouviminiicerenenmerneee: 502
General Electric Nose Cone For Atlas ICBM . ... .. ..oooiiiiiiiiiiiiiiiee e 503
NOL Instrument Rocket DeVelopment ... ........iiiininatarretinrnrann e e 504
University of Maryland Terrapin Sounding ROCKEt ..........ooverrreerneenrnrnneneereses 504
Heat Transfer to Ballistic Missile BIlunt NOSEs ... ......ooouioieiiieiiiiiiiienee e 507



Telemeter Blackout at HypersonicSpeeds ....................................... . 522

Reentry Missile Nose Cone Stability: F48 ............................ . ... .. ... 525
Completion of Program on Aerodynamic Heating and Flutter of Structural Panels . . . .. ... ..... .. 528
Development of Spherical Solid-Rocket Motors .............................. ... ... . 533
CHAPTER 15. MISSILES, SOUNDING ROCKETS, AND SPACE RESEARCH: 1958 ... ... . 541
Introduction ....... ... .. 541
New Construction .......... ... . . o oo 541
Emergency Helicopter Ferry Service ......................... .. ... . .. ... 544
Ejection of Fuel Tanks and Bombs From a Lockheed F— 104 Airplane Model ............... .. .. 546
General Researchon Glide Rockets . . .......................ooo...... ... 546
Lockheed Polaris Ballistic Missile Reentry Body . ....................................... 556
Temco Corvus Guided Missile ...................o.oo o 561
Use of Nike Missile in Flight Evaluation of a Research Control System ........ ... . ... .. ... 563
Thiokol TartMissile ................ ... . 563
General Electric ICBM Ablative Nose Cone ......................................... 567
Development of Mach 18 Sergeant Five-Stage Launch Vehicle ...................... ... . 567
Aerodynamic Stabilization of Slender Missiles ............................. .. ... ... .. . . . 571
University of Texas Drag Balanceon RM~10Missile ........................ ... ... ... _ 572
Air Force JASON Project ............ooooiiiiiiiiiii 573
University of Michigan Exos Sounding Rocket ................................. ... ... ... .. .. 580
University of Maryland Oriole Sounding Rocket ....................................._ 582
Naval Research Laboratory Arcon Sounding Rocket ... ......................... .. ... . 584
Range Clearance and Conflict Withthe CAA ................. ... ... ... ... . ... ... . ... 587
Space Flight Plans and Conversion to NASA ....................... ... .. ... .. 590
Development of Inflatable Spheres for Space Research ................... ... ... ... .. 599
Lewis Hydrogen-Fluorine Rocket Engine ......................... ... ... ... 610
CHAPTER 16. FIRSTYEARUNDERNASA: 1959 ...............oooii 615
Acquisition of Chincoteague Naval Air Station and Reorganizationof Wallops . .................. 615
Expansion of Facilities ........ ... . .. ... .. 624
Wallops Support of the Mercury Manned Satellite Project . . ................................ 633
Coolingand Ablation ......... ... .. ... .. 664
General Electric Atlas ICBM DataCapsule . .................oooiiuioiieiian 668
Drop Tests of Convair B—58 External Fuel Tank in PreflightJet ................. ... ......... 668
Ames Heat-Transfer Rocket Model ............................................ e 669
Sonic Boom Research Flights ........................ o 670
Trailblazer I Reentry Physics Project: D58 ..............cooiiieiee 673
Truax SteamRocket . ....... .. .. o 684
Shotput and Echo I Development . .........................o o 685
Arcas Meteorological Rocketsonde .......................... ... ... ... 695
Nike-Cajun and Nike-Asp Launchings During 1959 ... .. ... ... ... . 697
University of Michigan Strongarm Sounding Rocket .............. ... . i 700
Air Force Javelin and Journeyman Projects. ... ... .. 702
Scout Solid-Fuel Satellite Launch Vehicle ..............................................._ 706
Epilogue . ... o e 720
Appendix A Rocket Motors Used at Wallops ........ 0 727
Appendix B Program Identification ............................ ... ... ... ... ... 729
xiv




Appendix C
Appendix D
Appendix E
Appendix F

Summary of Wallops Flight Operations . ......... ..ot 735

Summary of Wallops Preflight Jet Operations ............c.oovviiiniiiiniinns 745
Technical Reports From Wallops Operations ...........cc..oeorearianiie.es 747
Rocket Propulsion Systems Developed at Wallops ..........c.ooveiiiiininnts 753
............................................................................. 757



CHAPTER 1

EVENTS LEADING TO THE ESTABLISHMENT
OF WALLOPS FLIGHT CENTER

Wallops Flight Center is the only flight test facility wholly owned and operated by the National
Aeronautics and Space Administration (NASA). It is located in the northeast corner of Virginia’s
Eastern Shore and contains two installations: a large airport on its mainland base, for use in aircraft-
related research, and a launchsite for satellites, sounding rockets, and other rocket-propelled vehicles
on nearby Wallops Island, a sandy, barrier island just offshore in the Atlantic Ocean. The mission of
Wallops is to operate these flight-test facilities, with their extensive tracking and data-acquisition in-
strumentation, in support of aeronautical and space research programs. The facilities are used by the
scientists and engineers from the laboratories and research centers of NASA, and by other U.S. govern-
mental agencies, colleges and universities, and the worldwide scientific community. International
cooperation in space has become a major objective, and nowhere in NASA is this international coop-
eration demonstrated more actively than at Wallops.

This was not always so. Wallops Flight Center was established by the National Advisory Committee
for Aeronautics (NACA) during World War II (in the spring of 1945) as an auxiliary base of the NACA
Langley Laboratory at Langley Field, Virginia, to provide a test range for guided missile flight research,
initially at subsonic speeds, but with plans for extending the research into the transonic and supersonic
speed ranges. It was anticipated that the findings of such missile research would be applicable to
airplanes as well. Operation under the NACA continued until 1958 when NASA was created out of the
NACA, and Wallops was made a separate station reporting directly to NASA Headquarters.

In the early years, the mere existence of this new test range was cloaked in secrecy; for many years
practically all the research information was made available only to those agencies having a need to
know. In this period, the only users of Wallops data were the military services and their contractors. As
a result of the secrecy surrounding the early operations at Wallops, little information about it found its
way into the open literature.

In this first chapter of the history of Wallops Flight Center, the events which led to its establishment
are reviewed, with special emphasis on the status of aeronautical technology at that time. Considerable
attention is given to the extent of NACA activity in the field of guided missiles and to plans for
extending aeronautical research beyond the speed of sound. But, first, it is important to understand
what the NACA was and how it operated with respect to the military services.

THE NACA AND ITS WARTIME ROLE

The NACA was established during World War I in a belated attempt to overcome the lead in aero-
nautical technology which European countries had gained over the United States in the 12-year period
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following the Wright brothers’ flight in 1903. The committee was formed too late to have much in-
fluence on the course of World War I, but its activities after this war had a profound effect on the ability
of the Allies to wage effective air operations in World War II.

After several unsuccessful attempts by the Smithsonian Institution—the supporter of Samuel Pier-
pont Langley’s work in aeronautics—to obtain congressional support for an aeronautical laboratory, the
NACA was authorized by Congress on March 3, 1915, in a rider to a Navy appropriations bill (ref. 1).
The bill directed the NACA “to supervise and direct the scientific study of the problems of flight, with a
view to their practical solution, and to determine the problems which should be experimentally attacked
and to discuss their solution and their application to practical questions. In the event of a laboratory or
laboratories, either in whole or in part, being placed under the direction of the committee, the
committee may direct and conduct research and experiment in aeronautics in such laboratory or
laboratories.”

The NACA consisted of 12 members appointed by the President. (The number was increased to 15
in 1929 and to 17 in 1948.) The law provided that the members “shall be acquainted with the needs of
aeronautical science, either civil or military, or shall be skilled in aeronautical engineering or its allied
sciences.” The Government agencies represented on the committee were the Army Air Forces (AAF),’
Navy Bureau of Aeronautics (BuAer), Weather Bureau, Bureau of Standards, and Smithsonian Insti-
tution. Later, members from the Department of Commerce and Civil Aeronautics Authority were
added. The remaining positions on the committee were filled with outstanding men from the univer-
sities (such as William F. Durand, Joseph S. Ames, and Jerome C. Hunsaker) and from private life
(such as Orville Wright and Charles A. Lindbergh). The committee served without compensation,
elected its own chairman, and appointed the Director of Aeronautical Research.

This organization was quite different from the typical government agency, and allowed the
committee, free from external political pressures and internal administrative duties, to apply its talents
and to exercise its collective judgment in development of an aeronautical program that enabled
America to regain its leadership position. Responsibility and authority for this program rested with the
committee, while authority for carrying out the program rested with the executive officer, the Director
of Aeronautical Research. According to Ira H. Abbott, “The NACA enjoyed great prestige and
authority in all scientific and engineering matters concerning aeronautics. This prestige resulted from
the character of its members and the excellence of its staff. It is unfortunate that this successful
experiment in government organization of scientific research came to an end in 1958 with the National
Space Act, and that it has been all but forgotten.”

Headquarters for the committee were established in Washington, D.C., and a full-time staff was
engaged. John F. Victory was hired as a clerk to be the first employee, and he consecutively served as
assistant secretary, secretary, and finally Executive Secretary, until the end of the NACA. In 1919, Dr.
George W. Lewis was appointed head of this staff and later was given the title of Director of
Aeronautical Research.

The members of the main NACA committee were the top aeronautical men in their particular
organizations. For assistance in carrying out their duties in the coordination of all aeronautical research
activities in the nation, the NACA established special committees and subordinate subcommittees to
cover each field of research. For example, there was an Aerodynamics Committee with such
subcommittees as Stability and Control, High-Speed Aerodynamics, Propellers, etc. By this means,
specialists in each field from all over the United States were brought together to discuss problems and
recommend research programs to aid in their solution. At each meeting, the members were brought up
to date on the latest research at the NACA laboratories, and in turn each member reported on any
research his organization had conducted. This was a very effective method of keeping everyone
informed and of focusing attention on the most urgent problems.

Soon after it was organized, the NACA recognized the need for an experimental field station and
in 1916 persuaded the War Department to purchase land about 4 miles north of Hampton, Virginia,
for joint use by the Army, Navy, and NACA as an aircraft proving ground. This area was later named

1. At this time, the Air Force was a branch of the Army.
2. Letter from Ira H. Abbott to the Editor, Science, June 23, 1967, vol. 156, p. 1549.
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Langley Field and in 1917 became the home of the NACA'’s first laboratory. The Army and the Navy
did not accept the joint use idea, but established separate airplane test bases elsewhere—the Army at
Wright Field, Ohio, and the Navy at Norfolk, Virginia.

On June 11, 1920, the Langley Memorial Aeronautical Laboratory was dedicated at Langley Field.
At this time, a 5-foot wind tunnel was placed in operation to supplement flight research already in
progress there. Although the Army did not use Langley as an aircraft proving ground, it retained
administrative control over the base and made extensive use of it for training, education, and housing
of many elements of the Air Force. The NACA was essentially a tenant on the base.

During the next 18 years, many unique wind tunnels and other facilities were developed by the

NACA at Langley, and the results of the research were accorded worldwide acclaim. Through a close
working relationship between the military services, the aeronautical industry, and the NACA, the
United States regained recognition as the leader in aeronautics. By 1938, however, it was apparent to
Dr. Lewis that a great expansion of research facilities was needed if the United States was to maintain
this leadership. He had learned that Germany had greatly expanded her research facilities, including
supersonic wind tunnels. With the backing of several special committees, one of which was headed by
Charles A. Lindbergh, the NACA obtained congressional approval to expand its facilities at Langley
and to build two new field centers—one at Moffett Field, California, authorized August 9, 1939, and
the other at Cleveland, Ohio, authorized June 26, 1940. This expansion of facilities was just in time to
be put to use in meeting the wartime demands of the Army and the Navy. In fact, the centers continued
to expand their facilities and personnel throughout the war.

With the Japanese bombing of Pearl Harbor on December 7, 1941, the United States was in World
War II, and the NACA'’s role was changed. The NACA now became “a consulting and research agency
for the armed services” (ref. 2). It began to operate under the Mobilization Plan of the Aeronautical
Board, which had been approved by the President on June 29, 1939. This plan provided in Section 111,
paragraph 5, that “The National Advisory Committee for Aeronautics will operate during a national
emergency declared by the President as a consulting and research agency for the Aeronautical Board.
The entire facilities of the Committee’s research laboratories shall be placed at the service of the
Aeronautical Board and the Director of Aeronautical Research shall execute every project referred to
the Committee by the Aeronautical Board.”

This conversion to a solely military support mission was not at all difficult to implement. The situa-
tion was aptly described by John F. Victory of the NACA: “Because the NACA was originally set up to
serve the military as well as civil needs of the country with respect to aeronautics, there was no occasion
for reorganization in anticipation of the war. Throughout the peacetime years of its operation the
Committee felt obliged to ever anticipate wartime needs and acted accordingly” (ref. 3).

The research investigations carried out at the NACA laboratories were officially authorized by
NACA-approved Research Authorizations (RA’s). These RA’s were the official documents against
which the research efforts of the laboratories were charged. Before the war, most RA’s were aimed at
general problems affecting all types of aircraft, although a small percentage were directed toward
specific airplanes under development by the military services. During the war, however, practically all
facilities were engaged in specific military projects, and almost all new experimental work had to be
related to specific requests of the military. Such “specific” projects differed from “general” research in
that the test model was usually a scaled model of a specific military airplane or missile under
development, and such models were usually supplied by the military services or their contractors.

For the initiation of a new specific research project, representatives of a given branch of the
military service requiring assistance would visit the laboratory, discuss their problems with officials at
the test facility, and agree upon a specific program. It was only after this agreement was reached that a
formal letter of request to NACA Headquarters would be sent by the cognizant military office. The
NACA would then consider the request and, after approval, issue the necessary RA. Beginning in late
1946, such requests were also submitted for clearance to an Aeronautical Board, by which all the
military services were kept informed of the initiation of new projects and were given the opportunity to
express their opinion on the need for the requested research.

All of the American airplanes used in the war bore the mark of NACA research not only in their
original design but in regard to improvements made during their development. In addition, all new
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proposed designs were extensively investigated in NACA facilities on a continuing round-the-clock
basis. Over a hundred different specific military airplane designs and a dozen missiles were tested in
one or more of the many NACA facilities during the war period.

The Air Technical Service Command (ATSC) of the Army Air Forces maintained a liaison office at
Langley Field to coordinate and report progress on Army projects at the Langley Laboratory. The
liaison office was very effective in keeping the Army’s Wright Field Development Center informed of
activities at Langley, and in addition, was equally effective in helping Langley obtain military supplies
and equipment required to support the research at Langley. Men from this office were usually present
at any discussion between Army project representatives and Langley personnel, and provided
assistance in the preparation of letters of request. In particular, the civilian representative in the office,
Jean A. Roché, was most helpful and provided needed continuity.

Although the Navy Department made some use of the Army’s liaison offices at the NACA labora-
tories, the fact that the Navy’s Bureau of Aeronautics was located in Washington, D.C., made it easier
for some Navy personnel to work directly with NACA Headquarters. In this connection, a close
working relationship developed between Charles H. Helms, NACA Assistant Director for Aeronautical
Research, who served as the chief military contact, and Captain Walter S. Diehl of the Navy Bureau of
Aeronautics. The Bureau had always relied heavily upon the NACA laboratories and, in turn,
supported and encouraged all the activities at the NACA centers.

STATUS OF HIGH-SPEED AIRPLANE RESEARCH

Although the United States was far behind Germany in guided missiles at the beginning of the war, the
status with respect to airplanes was a different story. The military services, with direct NACA support
on each design, had developed high-speed fighters and bombers to such an extent that by the end of
1944 the German air force had been eliminated as a threat. Although Germany was beaten in the air
war, her research and development teams were ahead of those in the United States in advanced
high-speed designs. When Germany, in August 1944, brought out her Messerschmitt Me-163B rocket-
propelled Komet tailless airplane with sweptback wings and a top speed of 596 miles per hour, and her
Me-262 jet-propelled interceptor airplane with a top speed of 540 miles per hour, she demonstrated a
speed margin over the United States of more than 100 miles per hour (ref. 4).

American designers knew that their existing airplane types could not go much faster with safety
even if their powerplants would allow it. The fighter airplanes were able to reach sufficient speed in
dives to encounter compressibility problems, the most serious of which, to the pilot, was the high stick
forces required to recover from a dive. A partial solution to this problem had been found at Langley in
the form of dive-recovery flaps (Reference 5 contains a good treatise on the subject of compressibility
effects on World War II airplanes and the development of dive-recovery flaps.). While these flaps
served as a “fix” to allow pilots to recover safely from dives, they did not solve the compressibility
problems, which continued to get worse as speed was increased. Separation of airflow behind strong
shock waves induced extreme vibrations or buffeting, changes in trim of the airplane, and loss of
control. In addition, with the new P-80 airplane the phenomenon of “aileron buzz” was encountered.

The NACA was aware of the problems and went to work on them. In December 1943, Dr. Lewis
appointed a special panel to coordinate the activities of the NACA in the study of high-speed
phenomena (ref. 6).* This panel met with W. S. Farren, Director of the Royal Aircraft Establishment of
England, and agreed upon a joint attack on the high-speed aerodynamic problem, using a new tech-
nique of free-falling bodies dropped from high altitudes. On March 16, 1944, the NACA issued RA
1224 to cover this research. The bombs, upon release, were tracked by ground-based radar to define
the trajectory from which the altitude at each instant was known and from which the velocity could be
derived. Acceleration could also be determined, but a more accurate method involved the use of
onboard accelerometers with radio transmission of readings by telemetry.

The free-fall body technique provided valuable large-scale data in a period when no other method
existed. Dr. Lewis referred to this program at the March 16, 1944, meeting of the NACA as “the
beginning of an investigation leading to supersonic flight.” The dropping of “practice bombs” to

3. This panel consisted of R. G. Robinson, chairman, H. J. Allen, j Stack, E. N. Jacobs, and R. E. Littell, recorder.
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develop the technique began on May 31, 1944. Near the end of 1944, successful instrumented bombs
were dropped. The first report on the results of this program was based on drops made in January
1945. Initial drops in the program were made on targets near Langley Field, but the program was
moved to Wallops Island in July 1945 when the missile station was opened there. This technique
became a regular part of Wallops operations and will be discussed in later chapters (ref. 7).

The next proposal of the high-speed panel was a continuation of the airplane flight program, but
this time with specially built airplanes. A P-80 airplane was fitted with a special wing designed for 18-g
lift loads. Designated the YP-80A, it was assigned to the NACA Ames Laboratory for test. The “beefed-
up” wing was considered necessary because of the hazards involved in pulling out of high-speed dives at
low altitude. To achieve higher speeds with this airplane and to allow high-altitude testing, attempts
were made to supplement the thrust of the jet engine by the addition of small rocket motors. Littell and
Helms of thc NACA Washington Office visited the Naval Engineering Experiment Station at
Annapolis, Maryland, on April 20, 1944, to get information on small jato units which might fit into the
YP-80A fuselage.* They were interested in small solid rockets or in the liquid oxygen-gasoline jato
motor being developed there by Dr. Robert H. Goddard. None of these rockets were suitable, so this
attempt at higher speeds for the YP-80A was abandoned.

Early in the deliberations of the high-speed panel, John Stack proposed that an entirely new
research airplane be built for high-speed research at high altitude. Stack, Chief of the Compressi-
bility Research Division at Langley, had been working in high-speed aerodynamics almost from the day
he reported for work at Langley in 1928. The wind tunnels in his division could approach the speed of
sound or they could operate at supersonic speeds, but through a rather wide transonic speed range
they would “choke” and no reliable data could be obtained. Stack proposed that special airplanes be
built with rocket or jet propulsion to allow transonic flight at high altitude, so that the high-speed phe-
nomena could be studied. This would be a much safer plan than to continue with piloted conventional
airplanes which must dive to achieve transonic speeds (ref. 8). At a meeting at Langley, March 16, 1944,
attended by Army Air Forces and Navy personnel, the NACA proposed that such an airplane be built
(ref. 9).

Langley made many design studies for such an airplane, which showed that for supersonic flight a
wing of 5-percent thickness® would be desirable (refs. 10 and 11). This was a radical change from the
conventional thicknesses of 12 to 15 percent, and imposed a severe load on the structural designers. A
compromise was reached in writing the specifications for the new high-speed research airplane by
specifying that two wings be built: one, of 10-percent thickness and the other, of 8-percent thickness. As
it turned out later, these were both too thick to avoid compressibility troubles.

The specifications for the research airplane were completed at Langley in January 1945, and
shortly thereafter a contract was let by the Army Air Forces with Bell Aircraft Company for the XS-1
rocket airplane. A similar contract was placed by the Navy Bureau of Aeronautics with Douglas Aircraft
Company for the D-558-1 turbojet airplane. This was the beginning of a high-speed flight program that
extended over many years (refs. 12 and 13).

The X-1 made its first powered flight December 9, 1946, with Chalmers H. Goodlin, Bell Aircraft
Company test pilot, in the cockpit. Then, on October 14, 1947, Captain Charles E. Yeager flew the X-1
through the sonic barrier. It was fitting that the team of Stack, Yeager, and Lawrence D. Bell received
the Collier Trophy in 1947 for this historic breakthrough.

A third method for obtaining aerodynamic data in the transonic speed range was suggested in July
1944 by Robert R. Gilruth, Assistant Chief of the Flight Research Division at Langley. Gilruth proposed
that the transonic flow field generated on the upper surface of an airplane in a high-speed dive be
utilized in much the same manner as a wind tunnel is used for model testing, but without the choking
effects related to tunnel wall constrictions. In practice, small half-span wings at right angles to the
upper surface of a P-51 airplane wing were connected to internal balances to measure forces and
moments (ref. 14.). The first results from this test technique were released in May 1945 (ref. 15).

The decision to develop a fourth technique for obtaining experimental data in high-speed flight

4. From personal notes in the files of R. E. Littell, NASA.
5. The thickness of a wing is expressed as a percentage of its chord length.
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was made in 1945. This was the decision to establish a missile test range. Although the initial require-
ments for the range stemmed from an expanding guided missile program, it was felt that such tests
could provide design data for high-speed airplanes as well. The success of such a technique, which will
be described in more detail later in this history, depended upon the availability of radar and telemetry
instrumentation and suitable rocket propulsion systems.

RADAR AND TELEMETRY

Prior to 1945, the NACA Langley Laboratory had had considerable experience with the SCR-584 radar.
This radar, which had been developed for the Army Signal Corps as a tracking aid and director for
antiaircraft guns, operated in the S-band of frequencies (2200 mc) and had a range of approximately
10 miles. According to R. L. Krieger, who was a research engineer in the Langley Instrument Research
Division, the first radar received at Langley late in 1943 was the prototype for the SCR-584, designated
XT-1. It was on loan from the Navy, complete with operating crew and armed guards.

The first use of this radar at Langley was in determining airplane speeds in terminal velocity dives
at speeds beyond the airplane’s air-speed calibration range. This use posed no problem; such radars
were used for air-speed calibration purposes for many years.

In the spring of 1944, a production version of the SCR-584 was assigned to Langley, and the XT-1
was returned to the Navy. This 584 was assigned to the free-fall body or bomb-drop program. By
December 1944, a technique had been developed which allowed accurate tracking of the bodies which
were dropped from high altitudes. The main problem was that the radio signal reflected from the
carrier airplane completely masked the signal from the dropped body. The addition of an M-2 optical
sight solved this problem. The optical sight, which was slaved to the radar set and could direct it auto-
matically, was manually operated and positioned on the falling body until the radar could obtain a
signal from the body unaffected by the launch airplane. This was the breakthrough that made the
free-fall body technique a success. The same technique was applied later to the ground-launched rocket
program, wherein the optical sight was used to direct the radar until the rocket had cleared ground
effects. Early in 1945, an M-9 computer and plot board were added to the radar to allow ground
observers to follow the flight path in “real time.”

Some modifications or additions were made to the SCR-584 radar to improve its accuracy for
research purposes. These consisted of adding large elevation and azimuth scales to the tracking head
and photographing them with synchronized motion picture cameras which also recorded time. In addi-
tion, another motion picture camera equipped with a 40-inch focal length lens was mounted on the
tracking head with its optical axis parallel to the radar beam. This camera photographed the test body
and enabled a correction for any error by which the radar failed to point directly at the body. The
modified radar was sometimes referred to as a “radar theodolite.”

The question of whether rockets with their high acceleration and high velocity could be tracked by
the SCR-584 radar was answered in the spring of 1945 when Krieger and a radar crew took a 584 radar
to the Navy proving ground at Dahlgren, Virginia. Fortunately, the answer was an unqualified “Yes.”
The SCR-584 was the “backbone” of the NACA free-fall body and rocket model programs for many
years to come,

In obtaining research data from airplanes in flight, the NACA had had many years of experience
with special instruments designed to withstand the flight environment. Prior to the high-speed research
airplanes, however, flight data generally were recorded on board the airplane and returned with it.
Some preliminary use had been made of a radio telemeter in special tests of an XC-35 airplane at
Langley in 1941, but its size precluded its use in the free-fall body program of the Flight Research
Division, and a special development was required. The use of telemetry was essential to this program
because the most interesting high-speed range was not reached in the dive until the altitude was too low
for parachute recovery. The experiment would be compromised if recovery methods were adopted.

In early 1944, when the Langley Instrument Research Division (IRD), directed by E. C. Buckley,
was assigned the job of providing a telemeter for the body-drop program, there were none available
commercially of the required size, weight, and accuracy, although several groups in the United States
were working in this field. The job of developing a special telemeter to meet the research needs of
Langley was assigned to M. J. Stoller, Head of the Radio Control and Telemetering Section of IRD. His




Events Leading to the Establishment of Wallops Flight Center 7

team members C. A. Taylor, A. Ruvin, and H. H. Youngblood worked full time on the development.
This Langley group chose to use existing components for expediency. The telemeter developed was a
system unique to Langley and was jealously guarded by its Langley “inventors.” It was a system of
research quality that made possible the use of nonrecoverable instrumented models in free-flight
research. Through close monitoring and supervision of its use and through calibration and environ-
mental testing, the overall inaccuracies with the system were kept to less than 2 percent of full-scale
readings.

In the NACA telemeter, the basic measurements were registered as a linear movement of an iron
core in an inductance coil which modulated the frequency of a subcarrier oscillator. The IRD had
oscillators in the 160-kilocycle (kc) range and adapted them to this use. The first four-channel telemeter
used frequencies of approximately 140, 150, 160, and 170 kc. When six channels were needed, 130- and
180-kc oscillators were added. T'he output of these frequency-modulated oscillators was, in turn,
used to modulate the amplitude of the main carrier. An amplitude of 118 megacycles for the main
carrier was selected because of availability from television components. The system became known as an
FM/AM system.®

A four-channel telemeter system of this type was developed in the fall of 1944 at Langley and had
its first flight test in a falling body on December 1, 1944. Through a misunderstanding, the body was
dropped prematurely and the ground observers were not notified of the impending drop in time to
turn on their telemeter recorders. Through the alertness of Ruvin of IRD, who was monitoring the
telemeter receiver, data were recorded during the final 10 seconds of the drop after he correctly
concluded from the readings he was getting on his monitor that the body had been dropped early. He
turned on the recorder despite repeated statements by the airplane pilot that the bomb had not been
dropped.

Although the data from this first instrumented drop could not be completely evaluated, the success
of the telemeter gave Langley the confidence to proceed with an extensive flight program based upon
its use.

STATUS OF JET PROPULSION

Because of the low efficiency of even the special high-speed propellers at speeds beyond 500 miles per
hour, any hope for attaining transonic or supersonic speeds with either missiles or airplanes rested with
the availability of suitable jet propulsion systems. Early analyses had shown that at low speeds jet
propulsion was so inferior in efficiency to propeller systems that little consideration had been given to it
in the United States prior to 1939.

A Special Committee on Jet Propulsion was established by the NACA in March 1941, with Dr.
William F. Durand as chairman, to guide jet propulsion research (ref. 16). As a beginning, this
committee recommended and guided three turbojet-engine development contracts with compressor or
turbine manufacturers. After the flight on May 14, 1941, of the British Gloster jet airplane equipped
with the Whittle I engine, the Army Air Forces decided to put the Whittle engine into production in the
United States with General Electric Company as the contractor. The first airplane in the United States to
be equipped with this engine was the Bell P-59. From this time on, the turbojet “was here to stay,” with
continual improvements fed in from research and development programs. These engines, which were
designed to power airplanes, were too large, however, for all but the large types of guided missiles. The
less efficient but adaptable ramjets and rockets were of greater interest for the smaller “self-propelled”
guided missiles.

The NACA Special Committee on Jet Propulsion also took under its wing the research that had
been under way at Langley since 1939 under the direction of Eastman N. Jacobs. Jacobs had been head
of the Variable Density Tunnel at Langley and had pioneered the improvement of airplane
performance, including development of the NACA low-drag airfoils. He was aware that a new form of
propulsion would be required if airplane performance were to be very greatly increased. He began a jet
propulsion program at Langley, first with models and then with a full-size engine. This program
concerned itself mainly with jet-burning characteristics, utilizing a piston engine driving a compressor

6. From the author’s discussions with H. H. Youngblood, Langley IRD Branch Head, April 27, 1966.
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as a source of air. The work would have application to ramjets with the piston engine replaced by air
that would be compressed dynamically by the forward motion of the aircraft at high speeds. The secret
of efficient combustion'in such an engine was found to be in the burner or “flame holder” design. The
“Sherman thin-plate burner” was developed in this program by Albert Sherman, a member of Jacobs’
team.

In 1944, the Committee on Jet Propulsion organized by the Office of Scientific Research and
Development (OSRD) recommended that a special panel be appointed to investigate the subject of
ramjets. Dr. Vannevar Bush, OSRD Chairman, considered ramjets basically an aerodynamic problem
and recommended instead that the NACA be asked to undertake the coordination and guidance of the
experimental ramjet program (ref. 17). On June 30, 1944, the Navy Bureau of Aeronautics requested
the NACA to provide assistance in the development of ramjet and aero-pulse jet propulsion systems,
including design, construction, and testing of experimental units. These units were of primary interest
for use in the Gorgon series of air-to-air guided missiles that had been under development at the Naval
Aircraft Factory since July 19, 1943 (ref. 18). As a result of these requests (OSRD and Navy) the NACA
Cleveland Laboratory organized a ramjet working unit and began research and development on
ramjets. _

Interest in ramjet research at both Langley and Cleveland increased rapidly from this time on. Both
laboratories made analyses of supersonic missiles with ramjet propulsion. At Langley, Macon C. Ellis
and Clinton E. Brown calculated that a supersonic interceptor missile 3 feet by 15 feet could carry a
200-pound warhead and in 30 seconds intercept an airplane flying at an altitude of 60,000 feet.” The
Cleveland Laboratory was having good success with burner development and, like Langley, also
calculated that a ramjet would be a good propulsion unit for a supersonic interceptor missile and for a
larger ground-to-ground guided missile as well. The Army Air Forces became interested in this
proposed ground-to-ground ramjet missile and on December 18, 1944, held a briefing for prospective
contractors who were asked to submit proposals for the construction of 25 such experimental missiles.
This Army project was designated JB-7. Although this was a Cleveland project, R. T. Jones of Langley
was involved in automatic control calculations (ref. 19).

By the end of 1944, when Langley began to give consideration to establishment of a guided missile
flight test base, ramjets were not available for propulsion, but their development was in such a state that
a flight ramjet research program was considered the next step, and all plans for a test base included the
flight tests of ramjets. The control and instrumentation requirements for such a flight test missile were
decided upon at a special meeting at Langley, February 22, 1945. In March 1945, discussions held at
Langley led to resumption of ground tests of ramjet engines there, this time in the new Induction Aero-
dynamics Laboratory under Dr. Kennedy F. Rubert and John R. Henry.

The development of rocket propulsion systems was much farther along in 1944 than was the
development of ramjet systems. Although rockets were inherently the least efficient of the jet
propulsion systems, they were attractive because of their simplicity. During the war, the NDRC was the
Government agency which had cognizance over most of the solid-rocket motor development in the
United States.

Although solid rocketry dates back to the early Chinese, and rockets were used in the War of 1812,
they did not attain full military stature until World War II. Russia, Germany, England, and the United
States all had various forms of unguided, solid rockets in their arsenals and used them against all types
of targets. They were both air- and ground-launched. The Germans were the first to capitalize on the
use of guided rocket-propelled missiles, not only the V-2 with its liquid propellant, but also various
guided missiles having solid propellants.

Dr. Robert H. Goddard is credited with launching the first liquid rocket (the propellants were
liquid oxygen and gasoline), but attempts to capitalize on this invention in the United States during
World War II were unsuccessful.

One liquid rocket development that eventually resulted in a number of applications was the
acid-aniline rocket developed at the Jet Propulsion Laboratory (JPL) of the California Institute of Tech-
nology (Cal Tech), Pasadena, California, and first used in flight as a jato unit April 15, 1942. Earlier jato
units developed at JPL were of the solid type. Although the solid rockets had a lower specific impulse

7. Unpublished report by Macon C. Ellis and Clinton E. Brown in Langley historical files.
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than liquid rockets, they were used more generally because of their greater simplicity and safety.

The rocket development team at JPL, headed by F. J. Malina under the direction of T. von
Karman, did not have the facilities to produce the rocket motors in the quantity needed by the military,
and Cal Tech did not wish to get into industrial production. Consequently, this team organized a special
company to handle the production. This company, originally called Aerojet Engineering Corporation,
produced both the liquid- and the solid-rocket motors. The solid motors were used chiefly as a thrust
adjunct to airplanes, while the liquid engines became the propulsion unit for the Aerobee sounding
rocket. This type of motor was also used later in the Gorgon and Nike missiles.

The solid-rocket motors available in 1944 were of two general types: (1) the jato units which were
characterized by large diameter, long burning time, and low thrust; and (2) the military unguided
rockets which had small diameter, short burning time, and high thrust. Thc jato units were typically
10 inches in diameter, burned for 12 seconds, and developed 1,000 pounds of thrust. The other rockets
were 3 to 5 inches in diameter, burned for 1 to 5 seconds, and developed from 1,000 to 5,000 pounds of
thrust.

A solid propellant used in this period was generaly one of three types: (1) the Aerojet composition,
developed by JPL-GALCIT (Guggenheim Aeronautical Laboratory, California Institute of Tech-
nology), consisting of 75 percent potassium or ammonium perchlorate and 25 percent asphalt and oil;
(2) the NDRC or Monsanto composition, consisting of 45 percent each ammonium picrate and potas-
sium nitrate, plus a resin binder; and (3) the more common double-base propellant consisting of nitro-
glycerin and nitrocellulose plus various additives. British Cordite was of this third type and contained
9 percent carbamite. Ballistite and JPN were two other similar propellants (refs. 20 and 21).

All of these solid propellants had specific impulses of approximately 180, appreciably better than
gunpowder with its impulse of only 65.

LANGLEY SUPPORT OF GUIDED MISSILES

The activity of the Langley Laboratory in support of military guided missiles® during World War 1I
started with wind-tunnel tests. Later on, after the military services had experienced difficulties with
automatic control and guidance, Langley was requested to assist in this area also.

Prior to World War II, there were practically no guided missile activities in the United States. The
extensive research and development of rockets and missiles by Germany in the thirties went unnoticed
and unchallenged. As the war approached, however, it was realized by the military services that guided
missiles would be needed, and a modest development program was undertaken.

To obtain a better understanding of guided missile development in the United States, it is
necessary to understand the nature of the development organizations in the military services. For years,
the respective roles of the ordnance and airplane groups were clear. The Navy Bureau of Ordnance
(Burd) and the Army Ordnance Corps developed and supplied the guns, bombs, and rockets used by
all the forces—land, sea, and air. The Navy Bureau of Aeronautics (BuAer) and the Army Air Forces
developed and supplied the airplanes for their respective services. With the coming of guided missiles,
however, the roles of the various services were no longer clear. Was a guided missile merely a modified
bomb, or was it a pilotless bomber? The question was not settled until much later. In the meantime,
both the ordnance and airplane groups developed missiles.

The Army Air Forces and the Navy BuAer turned to the NACA for help with their guided missile
development just as they had been doing with their airplanes. The military airplane departments had
relied heavily upon private contractors to develop their airplanes and followed the same procedure
with guided missiles. The ordnance people, on the other hand, had had little contact with the NACA in
their regular ordnance development, and in general such development had been carried out in their

8. The term “guided missiles” is used here as a general term covering all types of unmanned aircraft. Some of these aircraft
were called, at various times, “special flying weapons,” “pilotless aircraft,” “guided bombs,” “glide bombs,” “robot bombs,”
and “secret weapons.”
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own facilities. When they entered into guided missile development, they tended to follow this same
policy or to organize special development laboratories.’

The NACA itself was slow to recognize that the ordnance people were involved in aeronautics.
Although they were represented on some of the NACA subcommittees, the NACA main committee
never had members from military ordnance groups. Nevertheless, the NACA supported both Army
Ordnance and Navy BuOrd in any request they made.

A fifth organization which was involved with guided missiles was the National Defense Research
Committee (NDRC), which was organized in 1940 to coordinate defense research activities throughout
the nation.

In one way or another, the Langley Laboratory was involved in practically every guided missile
project established during the war. The extent of this support is shown in table I, which is a good
chronology of missile development during the war. The report references given by number in the table
describe the type of investigation undertaken with each missile at Langley and give the names of the
individuals directly responsible for the particular investigation.

The guided missiles developed by the Army Air Forces were given one of three general
designations. Bombs fitted with glider wings for added range were designated GB for glide bomb;
controlled bombs without wings, VB for vertical bomb; and jet-powered missiles, JB for jet bomb.

Although most of the missiles listed were unpowered, the first project undertaken at Langley with a
complete missile had a conventional engine and propeller. This was the General Motors Flying Bomb
and, except for the powerplant, bore a resemblance to the German V-1 buzz-bomb. It had a
conventional wing of 21-foot span and a conventional tail which could be attached, along with the
engine and propeller, to either a bomb or a torpedo. It was a ground-to-ground missile designed for
catapult launching. The Army Air Forces requested tests on a full-scale missile in the Langley Full-Scale
Wind Tunnel. The development of this missile was never completed because of automatic-control
difficulties, but even if it had been developed, its slow speed would have made it too vulnerable for
effective use as a ground-to-ground missile.

Up to 1944, almost all of the missiles under development were air-to-ground subsonic controlled-
bomb types, and most of these were tested in Langley wind tunnels to provide stability information and
control settings for trim. Missiles included the Navy BuOrd Gliding Torpedo; the Navy BuAer Air
Stabilizer Mark 13 and Gargoyle bombs; the Army Air Forces GB-5 Glide Bomb and AZON bomb; and
the NDRC-sponsored Bat, Pelican, Roc, and Tarzon bombs. Three of these missiles were used against
the enemy during the war. The AZON, which was simply a controlled bomb, was used extensively in the
bombing of bridges, particularly in Italy. GB-5 Glide Bombs were air-launched against German targets
in 1944; and the Bat, developed by the Bureau of Standards under Dr. Hugh L. Dryden, was used in
the Pacific Theater. Of these three missiles, two-—the AZON and the GB-5—experienced automatic-
control-system difficulties during their development, and the Army Air Forces asked for assistance
from Langley with the problems.

At Langley, the division responsible for stability and control research was the Stability Research
Division directed by Hartley A. Soulé. When the Army Air Forces came to Langley with their control
and guidance problems, Soulé turned the problems over to his Stability Analysis Section, which was
headed by Robert T. Jones. This section handled the theoretical aspects of the problem while the
Instrument Research Division, headed by Edmond C. Buckley, participated in the solution of
difficuities with particular pieces of equipment. Participation of Jones and Buckley in development of
the GB-5 and AZON missiles was extensive and contributed greatly to their eventual success. For
example, on the GB-5, Jones suggested that directional control be changed from rudder only to
ailerons only. This change greatly reduced the large oscillations in flight path previously experienced
(ref. 51).

There were two ground-to-ground missiles under development in this period, both subsonic. The
first, an Army Air Forces development, designated JB-1, was a Northrop “flying wing” robot, powered

9. In January 1945, BuOrd established the Applied Physics Laboratory of Johns Hopkins University to develop surface-to-air
interceptor missiles; and in 1944, Army Ordnance turned to the Jet Propulsion Laboratory of California Institute of
Technology for surface-to-surface missile development. The JPL had previously developed jato units for aircraft.
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TABLEI. LANGLEY WARTIME GUIDED MISSILE PROJECTS(I)

RA . Y- Request: Reference
Number Project Facility®) Agency®) Date Number
856 General Motors Flying Bomb FST AAF 6-21-41 22
939 Navy Gliding Torpedo PRT BuOrd 12-1-41 23
959 Pelican Glide Bomb FFT NDRC 2-6-42 24
1065 ROC Shrouded Bomb §-ft. HST | NDRC 12-28-42 25
1158 Bat Glide Bomb PRT NDRC 8-21-43 26
1189 GB-5 Glide Bomb FFT-SA | AAF 11-22-43 27-30
1213 AZON 1000-Pound Bomb 16-ft HST| AAF 2-18-44 31
1232 Gorgon II Airframe PRT BuAer 3-7-44 32, 33
1246 Modified AZON Bomb (Dove) 8-ft HST | BuOrd 4-21-44 34
1251 Alr Stabilizer Mark 13 PRT BuAer 6-9-44 35
1276 MX-544 JB-2 SA AAF 8-15-44 36
1287 Gargoyle FFT BuAer 9-29-44 37
1287 Gargoyle PRT BuAer 9-29-44 38
1287 Gargoyle SA BuAer 9-29-44 39, 40
1316 MX-570 JB-3 Tiamat SA AAF 12-7-44 36
1316 MX-570 JB-3 Tiamat AFRS AAF 12-7-44 (4)
1317 Lark 8-ft. HST | BuAer 1-7-45 41
1318 MX-595 JB-5 SA AAF 1-19-45 42, 43
1328 Lark and Tiamat FFT BuAer 1-16-45 44-46
1328 Griswold Tiamat FFT BuAer 1-16-45 47
1345 Tarzon SA NDRC 4-10-45 36
1351 Lark SA BuAer 5-11-45 48-50
Notes: (1) This table was prepared, in part, from material contained in a letter dated August 22,
1944, from Dr. H.J.E. Reid to the NACA. The material was prepared for use by
Dr. Hunsaker, NACA Chairman, in deliberations regarding expansion of missile facili-
ties within the NACA.
Not listed in the table are approximately a dozen tests of bomb components, such as
the wind-tunnel measurement of the characteristics of bomb fuses for the Army and
Navy ordnance groups.
(2) Abbreviations used for facilities:

(3)

(4)

FST Full-Scale Tunnel

FFT Free-Flight Tunnel

HST High-Speed Tunnel

SA Stability Analysis Section

PRT. Propeller Research Tunnel

AFRS Auxiliary Flight Research Station

Abbreviations used for military service organizations:

AAF Army Air Forces

BuOrd Bureau of Ordnance (Navy)

NDRC National Defense Research Committee
BuAer Bureau of Aeronautics (Navy)

The results of flight tests of the MX-570 Tiamat missile at the Auxiliary Flight Re-
search Station (Wallops) are discussed in a later chapter.
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with turbojet engines. The second was a direct copy of the German V-1 “buzz-bomb” and was desig-
nated “JB-2” in the Army version and “Loon” by the Navy. Jones and his Stability Analysis staff partici-
pated in both of these projects. One suggestion made by H. S. Ribner of the group in connection with
launching techniques for the JB-2 greatly simplified handling and was to have a profound effect on all
future ground launchings. The suggestion concerned the method of accelerating the missile to its flying
speed. In the German version, flying speed was obtained by mounting the missile on a dolly which
was then propelled along a low-angle rail or ramp by either a steam catapult or a rocket system. Ribner
asked Army representatives, “Why don’t you attach the rocket to the tail of the missile as a booster,
launch it at a steeper angle, and eliminate the long launching ramp?”** After a few engineering calcu-
lations and a satisfactory trial, the proposal was adopted and used successfully. In fact, all ground-
launched missiles of this general type have followed the boost principle.

By the middle of 1944, both the Army and the Navy realized their need for interceptor missiles for
use against high-flying airplanes, and began consideration of both ground-launched and air-launched
types. The Army began development of the air-to-air Tiamat, while the Navy began the surface-to-
surface Lark. Both of these missiles were subsonic. It was quickly recognized that ground-launched
interceptor missiles would need to be supersonic, and that their development would require extensive
research, including flight testing. The story of these interceptor missiles is so closely related to the
establishment of Wallops Flight Center that further discussion of them will be postponed until later in
this chapter.

Langley’s R. T. Jones provided extensive assistance to the Army Air Forces with actual flight
problems of guided missiles under test at Eglin Field, Florida, and in the desert near Tonepah, Nevada.
This substantial requirement for assistance, plus the ever-expanding missile program, convinced
Langley that a test range of its own was needed to fly research missiles in anticipation of military needs.

INITIATION OF THE TIAMAT PROGRAM

The Tiamat was the first missile lJaunched from Langley’s missile test station on Wallops Island. In fact,
requirements for the station were based, in large measure, on the requirements of this missile. It is
appropriate, therefore, to discuss initiation of the program in some detail.

The Army Air Forces, early in 1944, invited Hughes Aircraft Company to submit a proposal for a
subsonic air-to-air guided missile to be launched from a pursuit airplane or bomber. The main target in
mind was the Japanese “Kamikaze” aircraft. Hughes made a design proposal; and on August 8, 1944,
the company’s representative, Carl Babberger, a former employee of Langley, visited Langley to solicit
the assistance of Robert T. Jones in the control system design. Hughes had planned a wind-tunnel test
program at the NACA Ames Laboratory because of its more convenient location with respect to the
Hughes plant. Babberger discussed the design with Hartley A. Soulé, Chief of the Stability Research
Division at Langley, and with Jones.

The proposed Hughes design included a cylindrical fuselage with faired nose and tail, a -
rectangular wing, and conventional tail surfaces. The body was 14 inches in diameter and 8 feet in
length, while the wing had a span of 5.5 feet. The overall weight was estimated to be 600 pounds, and
the missile was to be accelerated from its airplane launching speed of 300 miles per hour to a final speed
of 600 miles per hour, by use of a Monsanto WF-1 solid-rocket motor (ref. 52).

Following this visit, Jones made an independent study for an interceptor missile to meet the
requirements as given by Babberger. On November 8, 1944, he proposed to the Army Air Forces a
radical design consisting of three large tail surfaces mounted symmetrically at the rear of an ellipsoid of
revolution (ref. 53). The proposed original design as drawn by Jones is shown in figure 1. The proposal
was for an interceptor missile that could be launched either directly from an airplane in flight, or from
the ground by addition of a booster rocket.

The missile in either proposal (that of Hughes or Langley) was, according to Jones, “to be directed
to a hostile aircraft by an automatic steering device.” The configuration proposed by Jones “was arrived
at after considering the target-seeking and steering equipment likely to be used and the aerodynamic
requirements for flight speeds in the neighborhood of Mach 0.8.” Jones also made two suggestions

10. Based on the author’s discussions with Hartley A. Soulé, February 21, 1966.
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FIGURE 1. Original design by R. T. Jones for MX—570 Tiamat “Interceptor Aircraft” as proposed to Army Air Forces,
November 8, 1944.

connected with the internal design. The first was to place the rocket motor at the center of gravity of the
missile and to provide a blast tube from the nozzle back to the tail of the fuselage. This was to eliminate
any center-of-gravity change as the rocket fuel was consumed. The second suggestion was “to dispense
with electrical or compressed air followup systems and to manipulate the controls directly from the
precessional torque exerted by the gyroscope. This torque could be restored to the system by an
erection motor, as in the Hammond gyroscope.”

The Air Technical Service Command of the Army Air Forces accepted Jones’ proposal and
arranged for Hughes to develop this design instead of the company’s own. This was the Army’s first
air-to-air guided missile. The Army also accepted Jones’ proposal to call this missile the Tiamat.!!
The AAF then requested NACA support in development of the Tiamat.'? The missile was officially
AAF project MX-570 and was also designated JB-3. It is interesting to note than in the letter from the
AAF, the MX-570 was referred to as “a short-range interceptor pilotless aircraft.”

The AAF requested that a research program be established at Langley for Project MX-570 “to
include free flight tests of small models powered by rocket motors.” The models were to be furnished
by the NACA. The last paragraph of the request letter contained some rather unusual statements for
this type of official correspondence but reflected the close working relationship that existed between
Langley and Wright Field during this period. The request was made that Jones be authorized to make
trips in connection with development of the MX-570, and the writer then went on to comment: “Mr.
Jones has been doing considerable work on the Air Technical Service Command guided missile devices
and his work has been an important factor in the development of these items. His untiring efforts and
the inconveniences to which he has been subjected during tests of the JB-2 Buzz-Bomb are greatly

appreciated.”

Langley’s reply to the ATSC letter stated that the proposed flight tests were considered desirable,
but that the models would have to be large, at least 5 feet long, and their construction would constitute a
major drain on Langley shop resources. In addition, “Flight work on this proposal will require the
acquisition of a suitable launching site.” Analytical work would also be required.'?

On January 29, 1945, the NACA issued RA 1316 to cover the MX-570 program. This RA stated
that the purpose of the investigation was “to develop MX-570 for combat use.” The scope of the work
was to include (1) analysis of the control system and (2) flight tests. The flight work was to “include the
development of the launching apparatus and the instrumentation for recording or transmitting data.”
With this RA, Langley was authorized to proceed actively with its own missile flight test program.

In the beginning, the Stability Analysis Section was given overall responsibility for the MX-570
program. The Instrument Research Division was assigned responsibility for the automatic control and

11. Tiamat, according to Babylonian mythology, was a sea monster.

12. ATSC letter to Dr. G. W. Lewis, prepared by Captain D. W. Pearsall and signed by Colonel H. Z. Bogert, Dec. 7, 1944.

I13. Letter of Jan. 24, 1945, to the NACA regarding Project MX-570. Letter was prepared by H. A. Soulé and signed by
John W. Crowley.
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telemeter systems. The Engineering Division performed the necessary design work and prepared
construction drawings, and the Langley shops began construction of the missiles. The Stability Analysis
Section made arrangements for the solid-rocket motors through the local ATSC liaison office, designed
the booster-rocket system, and performed the necessary stability and automatic-control calculations. By
the time a test station was available, the Tiamat test missiles were ready for launching.

ARMY AND NAVY REQUESTS TO
ACCELERATE HIGH-SPEED RESEARCH

The request by the Army Air Forces for Langley to conduct flight tests of the Tiamat missile was only
one of several requests that brought to a head the need for an NACA flight test range for missiles. A
second letter from the AAF, coincidentally bearing the same date as the Tiamat request (December 7,
1944), was directed to NACA Headquarters, asking for assistance in the design of a ground-to-air inter-
ceptor missile.’* The Army Air Forces and Army Ordnance had jointly initiated development of a
ground-to-air, high-altitude, supersonic guided missile in February 1944. The requirements for this
missile stemmed from antiaircraft forces, but in this wartime period it was not clear which element of
the Army had the responsibility for development of the missile. Because of past relationships, the Army
Air Forces turned to the NACA for assistance. Contractors’ representatives who visited Langley
discussed the requests they had received from the Army Ordnance people as well.

The Army Air Forces’ letter stated that “the development of guided missiles for antiaircraft use is
being undertaken” and specifically asked that Langley initiate a program to develop the vehicle and the
propulsion system. The requirements were for a speed of up to 1,500 miles per hour to intercept
targets at altitudes up to 60,000 feet. The missile was “to be ground-launched, self-propelled, and
ground-controlled to interception of the target.”

On December 22, 1944, representatives of Bell Telephone Laboratories visited Langley in con-
nection with a ground-to-air missile for which the Army had requested Bell Laboratories to act as prime
contractor. The requirements were to intercept a 600-mile-per-hour bomber at a 60,000-foot altitude.
This would require a missile with a speed of 2,000 feet per second, carrying a 200-pound explosive
charge. Langley recommended the use of a ramjet in the missile itself. A liquid-rocket system similar to
the V-2 rocket was also discussed.

On January 10, 1945, Dr. W. B. Klemperer of Douglas Aircraft Company visited Langley; he
stated that Douglas had been asked by both the Army Special Weapons Unit and Bell Telephone
Laboratories to assist in the design and construction of special weapons, in particular, a ground-to-air
interceptor. This interceptor was now called “Supercondor” and “JB-8.” Klemperer stated that
Ordnance people were interested in this or a similar independent project. On January 31, 1945, Army
Ordnance finalized their plans by awarding a contract to Bell Telephone Laboratories for develop-
ment of a ground-to-air interceptor missile that became the Nike 1.

Before a reply to the AAF letter of December 7, 1944, was agreed upon, a letter dated
December 19, 1944, was received by NACA Headquarters from the Navy Bureau of Aeronautics,
expressing concern about the slow progress being made in the whole field of high-speed research.'® In
this letter, the Bureau Chief, Admiral D. C. Ramsey, stated, “The Bureau considers that the progress
being made on high-speed research is not as rapid as military necessity now demands. Current combat
requirements dictate that jet-propelled aircraft and missiles be developed with highest practicable
priority. It is essential that all phases of the research be expedited in every way.”

The Bureau had some specific suggestions for the NACA to expedite this high-speed research.
They recommended that construction of supersonic tunnels be expedited. They offered to supply the
NACA with free-fall models of the F8F-1 airplane and with existing rocket-propelled missiles. Finally,
they stated, “A more promising line of attack may be the use of small rocket-propelled airplane models.
The Bureau is prepared to underwrite the design and procurement of any special models of airplanes
or rocket units that may be required in this program.” In his communication forwarding this letter to
Langley on December 29, 1944, Dr. G. W. Lewis asked “for the recommendations of the laboratory
as to additional equipment and personnel desirable for carrying out the mandate of the Bureau.”

14. Letter from Colonel H. Z. Bogert, ATSC, to Dr. G. W. Lewis, prepared by Major J. M. Pomykata, December 7, 1944.
15. Letter from Chief, BuAer, to the NACA, Dec. 19, 1944. Letter was signed by Admiral D. C. Ramsey.
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From this came the final decision to establish what eventually became Wallops Flight Center.

The December 19 letter from BuAer was prepared jointly by Commander E. W. Conlon of the
Structures Division and Captain W. S. Diehl of the Aerodynamics and Hydrodynamics Division of
BuAer, upon recommendations of Captain W. H. Miller. According to Diehl, it was “perhaps the only
such joint letter in BuAer files.” It was prepared following a directive from the Chief of Naval
Operations for “an all-out effort to provide new weapons.” Prior to the preparation of the letter, there
had been many discussions between Diehl and Helms of NACA Headquarters and other members of the
NACA and Langley staff. Diehl knew, therefore, of Langley’s interest in establishing a test range for mis-
siles. Diehl said he “threw everything he could think of into it” with the idea of stirring the NACA into a
large expansion of research in the supersonic range, with extensive BuAer support. Helms referred to it
as the “$64,000,000 letter.

LANGLEY SPECIAL FLYING WEAPONS TEAM

The numerous requests from the military services for increased support of high-speed missile research
prompted John W. Crowley, Acting Engineer-in-Charge of Langley'” to organize a “Special Flying
Weapons Team” with himself as chairman.'® The overall assignment to this team was to take an active
part in the direction of all work at Langley on flying weapons. At the first meeting on December 9,
1944, the overall program at Langley was discussed, and Crowley concluded “it appears that some flight
operation work is necessary in connection with the development of flying weapons.”

At the second meeting of the team on January 2, 1945, K. F. Rubert summarized rocket motor
availability and specifically gave the characteristics of two Monsanto solid rockets which were to be used
later in the Tiamat flight program. These were the WF-1, to be used as the sustainer rocket, and the
ACL-1, to be used as a booster. The main activity at this second meeting, however, concerned the
establishing of a new flight test range. By this time, Langley was ready to recommend that such a base be
established. Crowley stated that he had learned that BuAer was considering making Cherry Point,
North Carolina, its main station for studying guided missiles. If this were so, it might also be a
convenient location for the NACA station. The idea would be for the Bureau to supply much of the
overhead equipment and personnel, while allowing the NACA to conduct research and development in
all phases of high-speed flight research. Crowley recommended that the Bureau’s offer to provide
rockets and other items of support be accepted.

A possible program for the new test range was discussed at this same meeting. It was agreed that
both rocket and ramjet subsonic and supersonic missiles should be considered. The requirements for
the base were discussed, and the need for a large supersonic wind tunnel at Langley was brought out.
At this stage, much could be learned by simply determining if the missiles could be flown and controlled
at supersonic speeds; but at the same time every effort should be made to obtain scientific data from
tracking, telemetering, and photography. Crowley stated that the work should definitely point to
supersonic testing, although the initial project would be subsonic, to develop techniques. The Army
MX-570 and the Navy Gorgon subsonic missiles were to be the first to be tested. It was also brought out
that this flight work should be carried on simultaneously with the Langley bomb-drop program and the
NACA research-airplane program.

Soulé pointed out that the proposed missile operation would require a large organization, and that
the need for considerable work on guidance and control systems should be recognized.

In order to put Langley’s plans into a formal document, Crowley assigned Thompson, Stack, and
Soulé the job of preparing the proposal for NACA Headquarters. In addition, Crowley was to find out
more about Cherry Point. He assigned Rubert to investigate the rocket motors in use by the Navy, and
Robert A. Gardiner to survey the field of target seekers, including the radar seeker used by Dryden in
the Bat missile (ref. 54).

16. Based on discussion with Captain Walter S. Diehl, USN (Ret.) May 24, 1966.

17. Dr. H. J. E. Reid was in Europe with the Alsos Mission, a group sent by the War Deparsment to the World War II European
Theater of Operations in late 1944, to identify and collect valuable scientific research information abandoned by the enemy
in retreat.

18. The members of the Special Flying Weapons Team were J. W. Crowley, Chairman, F. L. Thompson, R. R. Gilruth, R. T.
Jones, F. . Bailey, E. C. Buckley, M. C. Ellis, J. Stack, H. A. Soulé, J. A. Shortal, and K. F. Rubert.
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COMMITTEES ON GUIDED MISSILES

In Washington, D.C., the increased activity in the field of guided missiles was recognized by establish-
ment of two high-level committees to coordinate such activities. The first was the Guided Missiles
Committee of the Joint Committee on New Weapons and Equipment of the Joint Chiefs of Staff. It was
organized to formulate broad programs and to recommend means for the coordination of research and
development in the field of guided missiles. Dr. Hunsaker, NACA Chairman, was made a member of
this committee, with Dr. Lewis serving as his deputy (ref. 55). The committee later became the Guided
Missiles Committee of the Research and Development Board (RDB), and the NACA was represented
on its various working-level panels for several years.

The second committee to be organized was the NACA Special Committee on Self-Propelled
Guided Missiles, which was authorized by the NACA Executive Committee on January 25, 1945. The
members of this committee were Dr. Hugh L. Dryden, Bureau of Standards, Chairman; Brigadier
General James F. Phillips and Major Ezra Kotcher, Army Air Forces; Captain Robert S. Hatcher and
Captain H. B. Temple, Navy Bureau of Aeronautics; Dr. Joseph C. Boyce, Office of Scientific Research
and Development; John W. Crowley, Jr., NACA Langley; and Abe Silverstein, NACA Cleveland.*®

In proposing the formation of this NACA committee, Dr. Hunsaker presented a memorandum he
had prepared on “Guided Missiles, NACA Program and Facilities.” He said the policy of the NACA was
to undertake scientific and engineering studies of such guided missiles as came within the cognizance of
the Army Air Forces and the Navy Bureau of Aeronautics. He stated further that the relationship of
the NACA with respect to them was the same as it had been with respect to airplanes. The Executive
Committee did not think Hunsaker went far enough in recognizing only the missile interests of Army
Air Forces and Bureau of Aeronautics. They proposed that the needs of the Army Ordnance Corps
and Navy Bureau of Ordnance also be recognized and that full support be given them in connection
with any “airborne devices” on which they were working. The scope of this new committee’s activities
was considered to be broad, and it was expected to include sponsorship of research in such new fields as
“radio, radar, television, photoelectric, infrared, and special application of physics to homing and
guiding devices.”

NACA DECISION TO ESTABLISH A
MISSILE TEST STATION

In response to the Navy letter of December 19, 1944, regarding acceleration of the high-speed aero-
dynamic research program, Langley Laboratory made recommendations that were contained in a letter
addressed to the NACA and prepared by Floyd L. Thompson and John W. Crowley, Jr.* It was an
extensive letter and one that suggested certain definite plans of action.

It was recommended that high-speed research could best be accelerated “by flight tests of bodies or
missiles launched from the ground and from airplanes in flight and propelled by various means,
including rockets, jet engines, and ramjets. Such tests will require . . . the acquisition of an auxiliary
station with a range of about 50 miles free from habitations or shipping. . . . it appears desirable to
attach it to some existing base such as, for example, the Navy’s Cherry Point base.” Crowley also recom-
mended expansion of Langley’s high-speed wind-tunnel facilities. In particular, a new supersonic
tunnel, an increase in power for the 16-foot tunnel, and modifications to the new high-speed 7-foot by
10-foot tunnel were recommended.

With regard to personnel needs to handle the increased workload, Crowley stated that no increase
in the complement of Langley would be required because Langley already had authorization for 700
additional personnel. Crowley recommended accepting all the offers made by the Navy. In particular,
he suggested that BuAer be asked to allocate 6 free-fall models of the F8F-1 airplane and 12 special
Gorgon missiles.

NACA headquarters was ready to move with the plan for high-speed research expansion and had
received suggestions from the Ames and Cleveland Laboratories as well as from Langley. During his

19. Despite awareness that the Navy Bureau of Ordnance and the Army Ordnance were involved in missile development,
neither was represented on this committee until the committee itself, at its meeting on January 17, 1946, recommended
that they be included.

20. Langley letter to the NACA, dated January 16, 1945, and signed by John W. Crowley, Jr.
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visit on January 11, 1945, Dr. W. B. Klemperer of Douglas Aircraft Company was asked for his
recommendations on new facilities for guided missile work. Dr. Klemperer suggested a Mach 2
supersonic tunnel with at least a 2-foot throat; he thought the first extensive exploration of the
transonic region would be by pilotless guided missiles.

At their regular meeting on January 25, 1945, the NACA Executive Committee considered recom-
mendations from all the laboratories. Dr. Hunsaker summarized the letters from the Army and Navy
asking the NACA to serve as a central scientific agency to provide basic research data to aid the military
in development of supersonic guided missiles and aircraft. Dr. Lewis had prepared a list of facilities
needed to perform this research. One facility, a 6-foot supersonic wind tunnel for Ames Laboratory to
cost $4,500,000, was considered by the Navy to be so urgently needed that they transferred funds to
cover its cost. The remaining facilities were proposed for a supplemental appropriation. These came to
a total of $12,981,722, of which $4,536,200 was for an auxiliary flight research station on or near the
Marine base at Cherry Point, North Carolina, to be operated by the Langley Laboratory. Also included
in the plan was a supersonic tunnel for Langley at a cost of $700,000, and a larger supersonic tunnel for
Cleveland at $5,000,000. Additional funds for salaries and expenses in the amount of $2,199,422 were
also included. The Executive Committee authorized the Chairman to submit the estimates to the
Bureau of the Budget (ref. 56).2!

Earlier in the month, Dr. Hunsaker and Dr. Lewis had appeared before the House Appropriations
Subcommittee in connection with hearings held January 9, 1945, on the regular appropriations. After
discussing the work that the NACA had been doing in connection with guided missiles, Dr. Hunsaker
made this prediction: “We will have to come in with a supplemental estimate for 1945 to take care of
some of the new things that have come up.” He was able to explain these in more detail when the
hearings were held in March on the supplemental bill.

21. Before submitting these estimates to the Bureau of the Budget, NACA Headquarters reduced the salaries and expenses
item to $667,500, making a new total of $11,449,800.
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CHAPTER 2

PRELIMINARY PLANS AND PROGRAM

Once the NACA Executive Committee had approved the establishment of an auxiliary flight research
station for guided missile research under the direction of Langley Laboratory, it was time to
prepare detail plans and cost estimates and secure their approval by the Bureau of the Budget, the
President, and the Congress.

FORMAL PROPOSAL FOR A MISSILE
TEST STATION

On February 1, 1945, Langley submitted a formal proposal to NACA Headquarters for construction
of an auxiliary flight research station. Preparation of this document had been assigned to Thompson,
Soulé, and Stack at the January 2, 1945, meeting of the Langley Special Flying Weapons Team. The
Request for Approval (RFA) gave the justification, description, and estimated costs associated with the
new flight test program. The RFA was so complete that it also served as an operauonal plan and a
budget document.

The justification given in the RFA for an auxiliary flight research station was solely that of
providing a range for guided missile flight testing. The RFA referred to the Army and Navy requests
which “suggested an expansion of the laboratory facilities so that the Committee can make flight trials
of flying missiles.” The request further stated: “It is evident . . . that work on Special Flying Weapons
will constitute a major project for the Committee.”

The listing of problems to be studied in the development of flying weapons constituted a “research
program” for the new station:

1. Subsonic missile configurations
a. Aerodynamic efficiency
b. Stability, including automatic devices
c. Maneuverability against evasive targets
d. Control by remote pilots
2. Supersonic missile configurations
3. Transonic aerodynamics of supersonic missiles

4. Use of minimum equipment in development of launching techniques for ground-launched missiles

The RFA suggested that the test range be located in North Carolina, to operate out of the Marine
base at Cherry Point, which is about 150 air miles from Langley. The missile flights would be parallel to
the barrier islands off the coast between Cape Lookout and Cape Hatteras. A line of observation
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FIGURE 2. Proposed Auxiliary Flight Test Station at Cherry
Point, North Carolina.

stations was to be placed on the barrier islands. The overall plan at Cherry Point is shown in figure 2.
It was stated in the RFA, however, that the same plan would apply “to any location, that, for reasons
not apparent at present, may be chosen later.” Wallops Island was selected after Congress approved the
project.

The overall facilities required for this new flight test range were related to the plan of operation.
The proposed plan, which was followed throughout the period of operation of the station under
Langley management, was to have minimum facilities at the missile station for final assembly, launch-
ing, and data recording. Principal research and development was to be centered at Langley, where all
missiles would be designed, constructed, proof-tested, and instrumented. The plan envisioned air
transportation between Langley and Cherry Point, and land and water transportation between Cherry
Point and the launchsite.

The funding request to carry out the plan was as follows:

A. Langley Field Station $1,208,200
B. Cherry Point Station 650,000
C. Launching Site 458,000
D. Observation Stations 10,000
E. Airplanes 850,000
F. Ground Transportation 10,500
G. Water Transportation 50,000
H. Models 668,000
I. Instrumentation 631,500

Total $4,536,200
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The facilities and equipment planned for procurement under each of the above categories are
given in the following list.

A. Langley Field: Enlargement of existing model shop, building of new missile construction shop, and
purchase of new equipment.

B. Cherry Point Station: Construction and equipping of final assembly station at Cherry Point, North
Carolina.

C. Launching Site: Construction of receiving station, liquid-fuel storage, solid-fuel storage, final loading
building, bombproof observation post, launching track, and launching platform; provision of utilities
such as powerplant, water tank, and well; and construction of roads and fence.

D. Observation Stations: Construction of radar storage shelter and concrete ramp at each location.

E. Airplanes: A DC-3 airplane to carry freight and a B-29 airplane for launching “hi-angle devices”
and “man-carrying supersonic airplane.”

=

Ground Transportation: One 10-ton truck, a pickup truck and two station wagons.

Q

. Water Transportation: One Navy LCT boat and a motorboat for patrol and retrieval operations.

H. Models: Six F8F-1 drop models and twelve Gorgon missiles to be supplied by the Navy; construction
of 36 MX-570 models and ten supersonic models with booster rockets and attachments.

I. Instrumentation: Modified SCR-584 radar, ballistic camera, 60 telemeters, telemeter receivers,
radios and telephones, CW radar for direct velocity measurement, and other miscellaneous
instruments.

The above plan, essentially unchanged, was submitted to the Bureau of the Budget along with
corresponding material prepared for the supersonic tunnels required at Langley and at Cleveland.
The Bureau removed funds for the airplanes, boats, and radars because these would be obtained on
loan from the Army and Navy. -

The appropriations request as finally prepared by the Bureau of the Budget was as follows:

Construction and Equipment at Langley Field, Virginia, including not

to exceed $2,195,000 for auxiliary flight research stations on sites elsewhere $ 4,100,000
Construction and Equipment, Cleveland, Ohio 5,540,000
Additional Salaries and Expenses 667,500

Total $10,307,500

This request was sent to Congress by President Roosevelt on March 7, 1945.

CONGRESSIONAL ACTION

When the request for supplemental appropriations to expand NACA facilities for high-speed research
reached the Congress, hearings were held on March 16, 1945, before the Senate Appropriations Sub-
committee, because the House Appropriations Committee was not in session.

At the hearings, Dr. Hunsaker explained to the Senate Committee, chaired by Senator McKellar,
that the NACA needed facilities to conduct research into the supersonic range for missiles and
airplanes. This research had the backing of both the Army and the Navy. Dr. Lewis stated, “The Com-
mittee is the recognized research agency of the Army and Navy.” He also explained that the new
facilities requested were the minimum necessary to meet the urgent requirements of the Army and
Navy in the new field of guided missiles (ref.1).

The request for funds was approved by Congress and signed into law on April 25, 1945. The
appropriations became officially the First Deficiency Appropriations Bill, 1945. The only change made
by Congress was the addition of a 100-acre limitation on the purchase of additional land. The bill
provided $4,100,000 for Langley, $5,540,000 for Cleveland, and $667,500 for salaries and expenses—
a total of $10,307,500 (ref. 2).
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BREAKDOWN OF FUNDS

NACA Headquarters informed Langley of the approval of the appropriations for the new facilities
and assigned Project Number 371 for the auxiliary Flight Research Station and Project Number 363 for
the Langley supersonic tunnel. The funds were allocated to Langley by NACA Headquarters as follows:

Project 363 Supersonic Tunnel $ 700,000
Project 371 Auxiliary Flight Research Station 3,400,000
Total $4,100,000

On May 11, 1945, a breakdown of these funds was proposed by Langley. It was approved by NACA
Headquarters on May 24, as follows: :

.

Project No. . Item Researc:h . Expenditure
371 Auxiliary Flight Research Station
A. Langley Field Station
1. Model Shop Extension . $151,000
2. Missile Construction Shop 485,000
3. Equipment 451,300 $1,087,300
B. Receiving Station (airport) 105,000
C. Launching Site
1. Launching ramp 15,000
2. Launching platform . 10,000
3. Final Assembly building 232,500
4. Office and Radio Building 28,000
5. Living Quarters 44,000
6. Oil Tanks 20,000
7. Powder and Chemical Storage 25,000
8. Loading Room 7,500
9. Bombproof Shelter 9,000
10. Site Purchase or Lease : 20,000
11. Utilities 338,800
a. Causeway, roads
b. Water well, tank, main
c. Heat and powerplant
12. Preflight Blower 142,400 892,200
D. Observation Stations 9,000
E. Airplanes 0
F.  Ground Transportation ' 6,750
G.  Water Transportation 0
H.  Missiles
1. 6 F8F-1 models 0
2. 12 Gorgon missiles 0
3. 36 MX-570 missiles 129,600
4. 10 supersonic missiles 450,000
5. Booster rockets 21,600 601,200
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I. Instrumentation
1. Tracking 275,670
2. Missile 45,900
3. Ground 36,900 358,470
363 6000-HP Supersonic Tunnel 630,000
414 Contingency Fund 410,000

In allocating the funds to Langley, NACA Headquarters set aside 10 percent of the total amount as
a contingency fund and assigned to it Project Number 414.

By this time the decision, as noted later, had been made by the NACA to locate the auxiliary station
at Wallops Island, and provision was made in the breakdown of funds for a causeway and bridge
between Wallops Island and the mainland, as shown by item 371.C.11a, above. In addition, funds for a
preflight blower setup for ramjet testing were also provided, as shown by item 371.C.12.

Langley did not wait for final approval and allotment of funds before starting design activities. The
project was considered so urgent that early in February design work began for the facilities associated
with the new missile test station as well as for the MX-570 missile. Harold 1. Maxwell was asked to
organize a Special Projects Group in the Langley West Engineering Section to design the MX-570
missile and its launching equipment. Maxwell had never heard of the MX-570 because of its security
classification, but he was told that he could take any men he wanted with him to form the group. The first
men he selected were Caldwell C. Johnson, James W. Mayo, and John W. Wilkey, all of whom were to
remain involved with missile or space vehicle design for many years under NASA as well as under the
NACA.! Under the overall direction of Hartley A. Soul¢, representing the Research Department, and
Ray W. Hooker from the Technical Service Department, practically all design work on missiles and
facilities was completed by the time Congress had appropriated the funds.

SELECTION OF SITE

The requirements for location of the Auxiliary Flight Research Station were that it be reasonably close
to Langley, that it offer a 50-mile launch range unobstructed by people or shipping, and that it be close
to an existing military base for logistic support. The initial proposal of February 1, 1945, was prepared
with Cherry Point, North Carolina, in mind because it was understood that the Navy Bureau of Aero-
nautics contemplated locating a missile range there.

By the end of February, the Bureau of the Budget had given informal approval to the plan for
expanded missile testing facilities, and the time had come to recommend a specific location. Detailed
studies of possible sites were begun.

Location of the new range at either Cape Lookout, North Carolina, near the Marine Base at Cherry
Point, or in the Chincoteague, Virginia, area, near the Naval Auxiliary Air Station (NAAS) appeared
equally promising in that both were near existing Navy facilities, both offered a 60-mile flight range
along barren coastal islands on which tracking stations could be located, and both were convenient to
Langley Field by air. (See figure 3.)

On March 2, 1945, Soulé, Hooker, and Melvin N. Gough, Chief of the Flight Research Division at
Langley, flew over Cherry Point and then up the Atlantic cost to the Chincoteague Naval Auxiliary Air
Station in a general survey of possible launchsites. The team concluded that the Chincoteague area
looked better than Cherry Point from the standpoint of possible interference.

On March 27, Crowley, Soulé, and Hooker of Langley visited Cherry Point with Charles H. Helms
of NACA Headquarters, Commander Conlon and Lieutenant Carl From BuAer, and Lt. Commander
Herbst from the Naval Aircraft Experimental Station (NAES), Philadelphia, Pennsylvania. Reception
of this group by the Marines at Cherry Point was very cool. In fact, the Operations Officer said that he
would file an official protest if the NACA planned to locate there. In addition, the barrier islands were
rather inaccessible, and the combination of factors practically eliminated Cherry Point as a possible site.

1. Based on the author’s discussions with Harold 1. Maxwell at Langley on April 29, 1966.
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Most of this same group (Crowley, Soulé, Hooker, Helms, Conlon, and Carl) visited Chincoteague
on April 4, 1945, to investigate the possibilities for locating a range there. They learned that the Navy
BuOrd was establishing a test unit at Chincoteague to handle all naval airplane ordnance problems.
The region investigated is shown in figure 4. Four areas were considered for a launchsite: (1) Assateague
Island, (2) Chincoteague Island, (3) Wallops Island, and (4) the mainland behind Wallops Island.

Assateague Island was believed to be a good location for a launchsite although it was not visited on
this trip. A causeway would be required from Chincoteague to Assateague (at location “C” on figure 4).

The southern tip of Chincoteague Island was considered suitable for a launchsite (location “D”),
but had one disadvantage—the flight path of missiles would be near a “resort hotel” close to the Wallops
Beach Coast Guard Station. Missiles launched from Assateague, on the other hand, could fly parallel to
the coast without passing near the “Wallops Beach Hotel.” One objection to both Assateague and
Chincoteague was that all missiles would pass over Chincoteague Inlet and cause some interference
with local shipping. The “Hotel” referred to in the memorandum was actually the clubhouse of the
Wallops Island Association.

Wallops Island was ruled out at this time because of its inaccessibility. A 2-mile causeway would
need to be constructed.

A location on the mainland on the Clyde Lange farm was considered a “very likely spot” for a
launching site. (location “G” on fig. 4). Power was available and the point was accessible by road. The site
overlooked marshland and Wallops Island toward the Atlantic Ocean.

The survey group concluded that “the Chincoteague Area offers very good possibilities for the
location of the Auxiliary Flight Test Station.” Additional survey activity was recommended.

An official engineering survey party was sent to Chincoteague on April 11, 1945, to make a more
detailed study. This party consisted of Hooker, W. C. Roberts, G. S. Brown, and C. R. Dahl of Langley.
After a 4-day study, they concluded that a location on Wallops Island would be the best for a launch-
site. Selection of either Assateague or Chincoteague Island would mean firings over Chincoteague Inlet
and interference with the local fishing fleet operations. Locating the site on the Clyde Lange farm
would require condemnation of too much land out to the Atlantic Ocean.

Wallops Island looked the best. It could be reached by boat using existing Coast Guard docks, or by
construction of new docks or a causeway. It was recommended, therefore, that the station be located on
Wallops Island (ref. 3).

Hooker also prepared a summary of the characteristics of all the sites investigated in both the
Cherry Point and Chincoteague areas. In this comparison, Wallops showed up the best on nearly all
counts. The recommendation that the launching site be located on Wallops Island was approved by
NACA Headquarters.

The overall launching site plan as envisioned on April 19, 1945, is shown in figure 5. The NACA
launching site is shown on the southern end of Wallops Island, with observation stations spaced every
few miles all along the mainland coast at the edge of the marsh. Flights of up to 60 miles could be made
along this network of stations. An unlimited range existed out to sea. The proposed Navy Ordnance
range covered the northern end of Wallops Island, but at this time the only occupants of Wallops were
the Coast Guard and the Wallops Island Association, a Pennsylvania hunting club that owned the island
and maintained a lodge there for the use of its members.

CONTACTS WITH NAVY AT
CHINCOTEAGUE

One of the reasons for selecting Wallops Island as the launching site for the Auxiliary Flight Research
Station was its proximity to the Chincoteague Naval Auxiliary Air Station. Experience at the Langley
Laboratory, which shared Langley Field with the Army Air Forces, had shown that, from a logistic
standpoint, being on a military base offered a considerable number of advantages.

Early contacts with the Navy at Chincoteague indicated that operations at the NAAS were to be
expanded from those of a simple training base to include activities of a naval aviation ordnance test
facility. Plans for the facility were not complete, but they involved construction of additional facilities at
the southern edge of the Naval Station, from which guns would be fired and perhaps missiles would be
launched out to sea across the northern end of Wallops Island.
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In these early contacts, the NACA representatives were informed that the Navy planned to
condemn and purchase Wallops Island in its entirety and would not object to the NACA'’s establishing
operations on the southern end of the island. The Navy had no buildings at Chincoteague which the
NACA could occupy, but they had no objection to the NACA’s constructing whatever was needed.
Utilities were available on the base, airplane flight operations could be arranged for, and the use of
certain Navy equipment and material could be arranged.

ROCKET MOTOR PROCUREMENT

The procurement of rocket motors for the initial operations at Wallops generally followed the recom-
mendations of Dr. K. F. Rubert, which were based on his survey in December 1944. He concluded that
the Aerojet acid-aniline liquid-rocket motor was hazardous and difficult to operate; the Aerojet solid
rockets presented storage problems and, in addition, were not available in the desired sizes. The British
Cordite rocket motor was recommended, although availability was uncertain. The most favored rocket
motor was the Monsanto solid-propellant series because of “ease and safety of handling, and simplicity
of design for special needs” (refs. 4 and 5). All rocket motors were military material and were supplied
to the NACA from military supplies, at no cost.

The initial missile program for Wallops included 12 Gorgons, 36 Tiamats, 10 supersonic missiles,
and a ramjet test vehicle. The Gorgon missiles were to be supplied by the Navy with their liquid-
fuel rocket propulsion system. The Gorgon was an air-to-air missile, and all tests by the Navy had been
with air launchings. The NACA planned to launch the Gorgon from the ground, however, so a boost
system would be required. Early planning envisioned use of a dolly and the planned 400-foot launching
ramp. Consequently, no rockets were procured for the missile at this time.
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The Tiamat missiles under construction in the Langley shops had been changed from the original
14-scale modcls to full size. Consequently the Monsanto WF-1 solid-rocket motor planned for the actual
missile was scheduled for use in the Wallops firings. This rocket was produced by the Monsanto
Chemical Corporation plant in Dayton, Ohio, and the Army Air Forces were asked to provide it. To suit
the Tiamat, the basic motor required one modification—addition of a blast tube to the nozzle so that the
motor could be located in the missile at its center of gravity. For a booster rocket, Langley had desig-
nated a cluster of six British Cordite solid-rocket motors. The Army was asked to supply a quantity of
these. After the first launching of the Tiamat, the booster was changed to a single rocket motor system
incorporating the Monsanto ACL-1 solid motor, which the Army also provided.

The Navy provided a quantity of standard 3.25-inch solid-fuel aircraft rockets to be used for the
training of launching and tracking crews.

Procurement of special rocket motors for the supersonic missiles was not made at this early stage
because the missile itself had not been designed. As it turned out, the motors selected were the 5-inch
British Cordite motors already available for the Tiamat. It was only necessary to ask the Army to supply
additional rocket motors of this type.

According to an official inventory on December 10, 1945, the following rocket motors were avail-
able at Wallops at the end of 1945: 24 Navy 3.25-inch motors, 204 British Cordites, 16 Monsanto
WF-1 motors, and 20 Monsanto ACL-1 motors. The basic characteristics of these and all other motors
used during the first 15 years of operation at Wallops are given in Appendix A.
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CHAPTER 3

OPERATIONS WITH TEMPORARY
FACILITIES: 1945—1946

With the appropriation of funds by Congress on April 25, 1945, for the construction of an auxiliary

flight test station, and the approval by NACA Headquarters of Langley’s recommendation to
locate such a station on Wallops Island in the Chincoteague area, the time had come to move forward
with acquisition of land and construction of facilities. The project was given highest priority at Langley
by John W. Crowley, Acting Engineer-in-Charge. In early May, Crowley decided to establish a separate
unit in the Research Department to handle the project, reporting directly to him as Chief of that depart-
ment. On May 7, 1945, Crowley relieved Robert R. Gilruth of his duties as Assistant Chief of the Flight
Research Division and transferred him to the Office of the Chief of the Research Department “to take
charge of the Missiles Research Station and to coordinate the Langley Laboratory’s missiles research.”

Because of the urgency of the project, every effort was made to begin flight operations as soon as
possible. Although the overall plan envisioned the construction of permanent facilities at Wallops
Island and at Langley, the program could not wait for them to be completed before operations began.
The work at Langley had already begun in existing facilities and could continue until the new facilities
could be completed. On Wallops, however, there was nothing that could be used. The only thing to do
was to rush the construction of temporary facilities to serve until permanent quarters could be built.
The temporary facilities were completed in time to launch the first rocket on June 27, 1945, just 2
months after President Roosevelt had signed the bill authorizing the test station. Operations with these
temporary facilities continued through 1946, the period covered by this chapter.

ACQUISITION OF REAL ESTATE AND
SEA RANGE

The Government could construct temporary facilities on leased land, but permanent facilities could be
built only on land owned by the Government. The land used by the NACA in the early days at Wallops
was of both types. Sites for permanent facilities were purchased, while additional areas were leased.
Although some land was obtained by direct negotiation, the fastest procedure for acquiring land was by
condemnation. Possession could be taken by the Government the day a condemnation order was issued
by a Federal Court.

Congress had placed a limitation of 100 acres on the amount of land to be purchased. This seemed
quite sufficient at the time of the hearings on the appropriation bill because it had been planned
originally to erect most of the larger buildings on a military base. The new land was to be used
principally for a launch pad and for observation stations. With the decision to locate the station on
Wallops Island, however, it was evident to Ray W. Hooker, Construction Coordinator, that the 100
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acres would have to be distributed with care. Permanent facilities were to be built at the Chincoteague
NAAS, at a boat dock area on the mainland across the marsh from Wallops, and on Wallops itself. On
Wallops, a boat dock area was required, as well as a main facilities area, a road connecting the two, and a
strip of land over which it was planned to build a causeway and bridge, and to run power and telephone
lines. Because no permanent facilities were involved at the mainland observation stations and the target
area for the freely falling body program, the required land was to be obtained by lease.

Real estate was needed, therefore, for the following list of facilities:

Receiving building at Chincoteague NAAS
Tracking stations on the mainland
Mainland boat dock

Target area on Assawaman Island

IR

Launching area on Wallops Island

The general area of Wallops Island as it existed in July 1945 is shown in figure 6. At the top of the
map may be seen the runways of the Chincoteague NAAS and the proposed location of the NACA
receiving building, identified as NACA Bldg. The air station was reached by State Road (SR) 175, which
ran into U.S. Highway 13 a short distance north of Oak Hall. Beyond the air station, SR 175 continued
to the town of Chincoteague on Chincoteague Island, with a causeway over the water and marsh areas.
On the Pennsylvania Railroad near Oak Hall is shown the Le Cato station, which was a passenger stop in
1945. Freight and express were shipped through the station at Hallwood, 2 miles to the south. State
Road 175 midway between the air station and US. 13 crosses a sandy clay local road called Seaside Road,
which was the normal route from NAAS to Wallops Island for NACA people. Approximately 4 miles
south of this intersection is shown the village of Assawaman and a road leading into a “proposed
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causeway.” Although this causeway was proposed many times, it was not approved and constructed until
the NACA became NASA in 1958. It is of interest here that this is the location actually used in 1959.

Continuing along Seaside Road another mile beyond Assawaman is a road leading to Taylor’s
Landing, an existing dock used by Wallops-bound NACA boats until the NACA permanent dock was
built. This latter dock, located approximately 1 mile downstream from Taylor’s Landing, is identified as
“New Dock” and is connected with Seaside Road and U.S. 13 at Mappsville via State Road 689. The
location of three tracking stations on the mainland (Stations 1, 2, and 3) may be seen at the edge of the
marsh. Each is connected to Seaside Road by a local road.

The 1-mile circle shown seaward from Station 1 at the north end of Assawaman Island, and identi-
fied as “Target Area,” was used as a target for dropping bombs and other bodies from airplanes at high
altitudes.

From Taylor’s Landing, the boat route is identified as it meanders along the waterways to the
NACA dock on Hog Creek. A temporary sandy clay road is shown on Wallops Island from the dock to
the NACA base.

On May 21, 1945, the Navy was asked to give permission for construction of a receiving building on
the Chincoteague Naval Base. Permission, revocable at will, was granted by the Navy Department on
July 12, 1945." A building 50 feet by 100 feet was envisioned, to be erected on 2.64 acres of land. The
permit stated further that the NACA should make arrangements to pay for any utilities furnished by
the Navy. As it turned out, the only use made of this permit was to erect a temporary shed to serve as an
office for the Langley Resident Engineer. It was found unnecessary to locate a receiving building at the
base; shipments were made directly to Wallops.

Land for a permanent boat dock on the mainland was obtained by direct purchase. Although
Taylor’s Landing filled a need for temporary use, it was too small for the expected activities. Rather
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FIGURE 7. Sketch of Mainland Dock site.

1. Letter from Navy Bureau of Yards and Docks, Real Estate Division, to the NACA July 12, 1945, with regard to land
allotment at Chincoteague NAAS for auxiliary flight station receiving building.
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than to enlarge this dock, Langley elected to construct a completely new dock closer to Wallops, at a
point where SR 689 touched Assawaman Creek. An option to buy 0.8 acre of land for this purpose was
signed with Mrs. J. T. Lewis on August 4, 1945, and on October 13, 1945, the land was deeded to the
Government for $100. This plot of land is shown in figure 7.

The road leading to the dock area was in poor condition. On June 26, 1945, the NACA asked Navy
BuAer for assistance in submitting a request to the Government to improve the road. The request
resulted in a letter from Secretary of the Navy James Forrestal on September 18, 1945, certifying the
need for such improvement. Eventually the road was graded and given an asphalt topping.

Because Langley found that there was insufficient space at the Mainland Dock site, NACA Head-
quarters was asked, in May 1946, to purchase additional land adjoining the site. This additional parcel
is also shown in figure 7. The land at that time belonged to Pierce B. Taylor, who had acquired it from
Mrs. J. T. Lewis. Taylor wanted $200 for the additional area, approximately the same size as that
purchased from Mrs. Lewis for $100. Taylor’s offer was refused, condemnation proceedings were
instituted, and the land was taken on July 11, 1946. After much discussion and negotiating, the price of
$200 was accepted and the case was settled.

Land for observation stations was acquired by lease. As shown on figure 5, early plans envisioned
the need for perhaps a dozen such stations, so that guided missiles such as the Tiamat might be tracked
as they were flown down the coast from Wallops. The requirements for the stations were that they be
located at intervals of 2 to 5 miles parallel to the line of flight of the missiles, and that they have
line-of-sight vision to the launching site. Each station was to have approximately one-half acre of land
and was to be accessible by road. Locations for the first four stations were agreed upon, and leases were
obtained for the first three. Actually, only one mainland station was used—Station 2 as shown in figure
6. Hooker, Buckley, Krieger, and Brown inspected the sites for four stations; and a few days later
Brown negotiated a lease for Station 1 with C. W. Sandifer, for Station 2 with John Northam, and for
Station 3 with a Miss Baker.? The site for Station 2 is shown in detail in figure 8.

The target circle one mile in diameter for bomb dropping was laid out on land leased from H. E.
Kelly for $100 per year. Brown arranged for this lease on June 15, 1945. The target circle was identi-
fied by simple piling, on which squares of plywood were attached. This target was used in the early
period at Wallops when the freely falling bodies were dropped from airplanes at high altitude under
the direction of a bombardier using a bombsight. Later, it was found that the airplane could be directed
with sufficient accuracy from the ground with the assistance of a radar plot board. The target area
then was abandoned.

The acquisition of land on Wallops Island itself was complicated by the fact that the Navy’s Bureau
of Ordnance stated repeatedly that it was going to purchase the entire island and would allow the
NACA to use the lower half. On May 3, 1945, Hooker, accompanied by J. J. Kelly, Jr., of NACA Head-
quarters, visited the Real Estate Division of the Navy Bureau of Yards and Docks to ascertain when the
Navy planned to acquire Wallops Island. The Navy had taken no action and would not predict when it
would. Consequently, Hooker and Kelly decided that the NACA should take independent action to
obtain land, at least for temporary facilities. Negotiations were conducted with Frank Hunter, Presi-
dent of the Wallops Island Association, Norristown, Pennsylvania, which owned the island. Plans were
made to lease the lower 1,000 acres so that temporary construction could be started.

A lease was signed on May 11, 1945, for $2,000 per year for the 1,000 acres. The lease read: “The
Lessor hereby leases to the Government the following described premises, viz: that part of Wallops
Island, Accomack County, Virginia, lying south and west of a line running due north and south from
Bogues Bay on the north to the eastern shore of Wallops Island on the south, at 75°28'15" west longi-
tude, which tract is estimated to contain one thousand (1000) acres, more or less, Reserving to the
Lessor, however, (1) the right to use or lease for the use of others the grazing rights on said tract to such
an extent as will not interfere with the use of said tract by the Government: and (2) the right of Lessor,
its stockholders, and guests to use and enjoy the beach along the eastern shore of said tract, but only
when, and to the extent that, such use and enjoyment will not interfere with the use of said tract by the
Government.”

Wallops Island was described in deed records as being bound by “Chincoteague Inlet on the north,

2. From personal diary of G. S. Brown, in historical files at Wallops Station.




Operations With Temporary Facilities: 1945—1946 33

P.O.

Seaside Road
Modestown &7

CREEK MARSH

Good 18’ Road

Abandoned
House

Chicken House

Small Brush 5’ to 10’

~e
SN~

"""\'w—wb ™
-

FIGURE 8. Sketch showing location of Tracking Station
No. 2 on mainland.

Assawaman Inlet on the south, Atlantic Ocean on the east, and Assawaman Narrows, Cat Creek,
Bogues Bay, and Island Narrows on the west.” Wallops Island was originally granted to John Wallop by
a Crown Patent from King Charles II of England in 1672. It was described at that time as “Kegotank
Island, alias Accocomson Island” (ref. 1). Ownership changed over the years and the island remained
uninhabited until 1883, when the Government acquired land for a Coast Guard Station from Thomas
W. Taylor and Orrie A. Brown, who had acquired the island by a land warrant from the Commonwealth
of Virginia in 1876. In 1889, the Wallops Island Association acquired the island and constructed a club-
house on the upper beach near the Coast Guard Station. These were the only buildings on the island
when the NACA moved there. It is interesting to note that the first transportation for association
members was a sailboat between Chincoteague and the island and an oxcart on the island itself.?

The lease of 1,000 acres on Wallops Island was sufficient for the early temporary construction but
would not suffice for permanent construction. On July 10, 1945, Hooker and Kelly again visited the
Navy Real Estate Division and were informed that the Navy expected to acquire the whole of the island
by July 25, 1945. The Navy suggested that the NACA request a land allotment for the southern end of
Wallops. This was done on August 6, 1945. The allotment was never made, however, because the plan
for the Navy to purchase the entire island fell through. The Navy’s plan to locate an ordnance range at
Inyokern, California, and a missile range at Point Mugu, California, lowered its interest in Wallops.

Hooker anticipated that the Navy might not acquire the island and had a map prepared showing
which portions of the leased area on the island would contain permanent structures and would, there-
fore, have to be purchased. By design, the total area fell within the 100 acres authorized by Congress.
This map is shown as figure 9. The map also shows the Wallops Island Grid Survey System established

3. Letter from Joseph K. Fornance, attorney, Norristown, Pennsylvania, to the Commandant, Wallops Island, Virginia,
Feb. 20, 1962, regarding old papers of the Wallops Island Association. An enclosure with the letter was dated June 22, 1937,
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FIGURE 9. Map of Wallops Island showing grid survey system and proposed leasing of property, as of August 1945.

by Langley. In this arbitrary grid system, one unit equaled 100 feet. In preparing the map, Hooker had
asked that the launching area be limited to 85 acres so that land for a causeway and powerline could be
purchased later.

The various pieces of land composing the 100 acres allowed were as follows:

Mainland Dock (two parcels) 1.76 acres
Wallops Island

Island Dock 1.50

Road 4.95

Launching Area 78.42 84.87
Powerline

Wallops Association 4.87

S. A. Taylor 5.25

Frank Chesser 2.20 12.32

Total 98.95 acres

On August 9, 1945, the NACA realized it could wait no longer for the Navy to acquire Wallops
Island, because bids for permanent construction on the island were scheduled to be opened on
August 14. The NACA therefore proceeded with condemnation of 84.87 acres on Wallops, and the
Government took possession on September 18, 1945. Full title was taken on July 29, 1947, after
payment of $1.00 to the Wallops Island Association. In actual operations at Wallops Island, no dis-
tinction was made between leased and owned property. Engineering designers, however, had to be
careful not to locate any permanent facilities outside the owned area.

Figure 9 identifies the leased area as being bound by NACA Grid North 205. This line is 84.87
acres north of the original lease line at 75°28'15" west longitude. Selection of the line was an attempt to
increase the NACA total holdings in recognition of the purchase of the 84.87 acres within the original
leased area. This grid boundary of North 205 was never officially accepted, however, and 75°28'15" re-
mained the “Mason and Dixon” line until the NACA acquired the island in 1949.

Once the real estate for land operations had been acquired, attention turned to the question of the
sea range. In 1945, the NACA was naive enough to think that having a launch base on the Atlantic
Ocean automatically gave it an “unlimited range.” While this eventually became true in February 1961,

under NASA, with the launching of a satellite from Wallops by the Scout vehicle, there were many
interferences and “roadblocks” in the path.
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‘The Atlantic Ocean is an open range for ships of the sea, and the air above it is open for the airlines
of the world. This is true in theory, but in practice the airlines operate over designated airways and
enter the United States along designated corridors under the control of the Civil Aeronautics Adminis-
tration. Between these corridors, the U.S. Navy has designated training areas for its air and water
vehicles and expects the commercial vessels to recognize such areas at certain specified times. The
NACA recognized the Navy’s interest and made arrangements with them for use of any such areas.

In the early days of Wallops operation, the range of the rockets was so short that interference was
no problem. The ocean shipping lanes were far enough out to sea to be beyond range. If local fishing
vessels appeared off the island, firings were delayed until the area was clear.

With regard to airplanes, it was general policy to designate “danger areas” around rocket and
ordnance testing ranges. In November 1945, Langley asked NACA Ileadquarters to have a large area
southeastward from Wallops a distance of 15 miles declared a “danger area.” The reason given was
that “miscellaneous aircraft have made a nuisance of themselves by circling the area because of curiosity
and because of ignorance of the nature of the operations being carried on in the vicinity.” The NACA,
in turn, on November 28, 1945, recommended to the Chief of Naval Operations that such a danger
area be established. On February 6, 1946, the Interdepartmental Air Traffic Control Board approved a
danger area 3 miles in radius, to be centered off the lower end of Wallops.® The Chief of Naval
Operations observed that this danger area in addition to the “offshore danger area previously estab-
lished for NAS Patuxent and NAAS Chincoteague should give adequate protection to the activities
being carried on by the NACA.” Although this was a much smaller danger area than was requested, it
did provide the NACA with a definite sea range over which the Navy recognized NACA control.

MANAGEMENT ORGANIZATION AND
PLAN FOR PROJECT OPERATION

On May 7, 1945, Robert R. Gilruth became the first employee and head of the Auxiliary Flight
Research Station (AFRS). As mentioned at the beginning of this chapter, John W. Crowley, Chief of
Research at Langley, transferred Gilruth from the Flight Research Division to take charge of the
“Missiles Research Station,” a unit reporting directly to Crowley.®

At first, Crowley thought that the guided missile tests could be conducted by an existing research
division just as the freely falling body program was being carried out by the Flight Research Division. In
May, however, he decided to establish a completely new unit to conduct and coordinate all missile
research at Langley. Langley had received the appropriation for the new missile station and was
committed to constructing rather extensive facilities and embarking upon a new missile research
program. Soulé, Hooker, and Jones had paved the way with preliminary planning; it was now up to
Gilruth to organize a group to take over responsibility for construction and operation of the new
station.

In selecting Gilruth for this assignment, Crowley picked a man whose career he had followed
closely from the time Gilruth reported for work in the Flight Research Division on January 4, 1937,
under Crowley, who was at that time Chief of the division. Gilruth had just received a master’s degree in
aeronautical engineering from the University of Minnesota. During the war years, he earned an
international reputation as an expert in the flying and handling qualities of airplanes, and his NACA
Technical Report 755 entitled Requirements for Satisfactory Flying Qualities of Airplanes was a handbook in
this field. Practically all military airplanes went through special handling quality flight tests at Langley
during this period. Gilruth recognized the need for high-speed data and the inadequacy of existing
wind tunnels and airplanes for gathering data in the transonic speed range. He was associated with the
freely falling body program to obtain such data, and proposed the “wing-flow” technique in 1944.
Although Gilruth had not been involved directly with the guided missile program at Langley, Crowley

4. Letter from H. J. E. Reid, Langley, to the NACA, November 13, 1945, regarding establishment of a danger area in the
vicinity of Wallops Island.

5. Letter from Chief of Naval Operations to the NACA, February 20, 1946, concerning establishment of a danger area in the
vicinity of Wallops Island.

6. This is the only reference to the station by this name. In earlier and later papers it was called the Auxiliary Flight Research
Station, (AFRS).
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felt that he had the practical ability to operate the new missile station and to get the most out of this new
technique in aeronautical research.

On May 10, 1945; Ray W. Hooker became the second man to be assigned to the Auxiliary Flight
Research Station, leaving his position as Assistant Chief of the Engineering Services Division at Langley.
The official memorandum assigning him to AFRS was dated May 29, 1945. Hooker had come to
Langley in 1930 after obtaining a degree in aeronautical engineering from Purdue University. He was
engaged in wind-tunnel research for a number of years before he became involved with the engineer-
ing design of research facilities. He remained Gilruth’s number two man until early in 1948.

When Gilruth took over the AFRS, he was committed to a flight program consisting of the subsonic
Tiamat and Gorgon missiles, a supersonic missile, an unspecified ramjet flight program, a series of
F8F-1 drop models, and a general research program not yet implemented (ref. 2). In his new position
he had to build an organization to handle the program and to plan for future growth.

When the decision was made to establish a special unit at Langley to be responsible for all missile
research, it was immediately recognized that the original plan for construction would have to be
modified to include a “home base” for the people assigned to AFRS at Langley. Approval was obtained
for a permanent laboratory to be built as an addition to the Missile Construction Shop (item 371-A-2).
The request for approval for this “missile research laboratory” contained a flow diagram which showed
quite clearly the plan for handling the various phases in a missile test program, and the types of
assistance required.

The missile laboratory, essentially the Langley portion of AFRS, was responsible for (1) coordina-
tion of missile research, (2) preparation of missiles for flight tests, and (3) engineering and analysis.
This latter item also included post-flight analysis and reporting. Responsibility for the detail design of alt
missiles and facilities was given to the Engineering Services Division. The Instrument Research Division
(IRD) was given responsibility for all instrument selection, development, construction, and installation.
Wind tunnel divisions retained responsibility for any tests of missiles in their facilities. All the Langley
shops were used in construction of the missiles. The AFRS retained responsibility for staffing and
operating the launch base at Wallops and, of course, was responsible for the research experiment itself
from original proposal to final report. The AFRS also retained direct responsibility for all matters per-
taining to rocket motors and pyrotechnic devices and the development of new techniques.

Gilruth was required to build up a staff of research engineers at AFRS, Langley, and an operations
crew at AFRS, Wallops Island. Fortunately, at Langley he was able to obtain, by transfer from other
research divisions, a group of experienced research engineers which he augmented by hiring new
engineers. By the end of 1946, there were 40 research engineers at AFRS, over half of whom had had
prior research experience at Langley.

At Wallops Island, men were hired as needed. The first employee assigned there was Germain S.
Brown, who was sent to the Chincoteague area on May 24, 1945, from Langley Engineering Services
Division, to serve as Resident Engineer in charge of construction and operations. In this assignment,
Brown remained on the rolls of the Langley Engineering Services Division and was responsible to
Gilruth in a service capacity. This caused no difficulty inasmuch as Brown still received directives from
Hooker, with whom he had been working for some time. At first, Brown had an office on the Chinco-
teague Naval Base; but on July 18, 1945, he moved to an improvised office at Taylor’s Landing.

On July 3, 1945, W. H. Reiser visited the Wallops area and helped to establish living quarters and
food service for the men. As Head of the Langley Exchange, Reiser established Branch No. 1 at
Wallops and appointed Brown head of this NACA Exchange Branch, with authority to sign checks at the
Bank of Chincoteague and buy food locally for use on Wallops. The exchange was authorized to run
the living quarters and restaurant from funds obtained from the users. Brown was authorized to hire
such operations people as boat and crane operators, truck drivers, guards, cooks, and maintenance
men. These men were put on the rolls of AFRS. The number of such people increased at a regular rate
until, by the end of 1946, there were 65 men on the rolls at Wallops.

During the first year of growth at Wallops Island, some of the responsibilities were delegated to
personnel under Brown. An early assignment by Gilruth was the appointment, on July 31, 1945, of
L. K. Kellam as Property Clerk with responsibility for all NACA property in the Chincoteague area.
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In February 1946, Eugene M. Reading was transferred from the NACA Headquarters to Wallops.
On February 14, 1946, he was authorized to administer the oath of office to new employees; and on
March 6, 1946, he relieved L. K. Kellam as Property Clerk. On April 12, 1946, he was appointed Safety
Coordinator for Wallops, and, on April 18, was made supervisor of the NACA Exchange Branch No. 1.
These several special assignments were in addition to his Jjob as Administrative Officer.

Through 1946, large numbers of men from Langley accompanied each missile to Wallops for the
flight launching. In the early days, Wallops people provided only supporting services; but as time went
on, more and more of the operations connected with flight tests were turned over to permanent
Wallops crews. This point will be discussed in more detail later.

Until the middle of 1946, AFRS remained a unit of the Research Department. On June 10, 1946,
AFRS was converted into a division of the Research Department and was entitled Pilotless Aircraft
Research Division. Gilruth was designated Division Chief, and Hooker, Assistant Division Chief. The
name “Pilotless Aircraft” stemmed from use of this name by the Navy BuAer and the Army Air Forces
for all types of guided missiles.” Almost immediately the division was called “PARD,” an acronym
that became familiar to aeronautical people throughout the nation.

On August 11, 1946, a formal organization within PARD was authorized, as follows:

Division Chief Robert R. Gilruth

Assistant Division Chief Ray W. Hooker

Division Engineer William J. O’Sullivan, Jr.

Head, Stability and Control Section Marvin Pitkin

Head, General Aerodynamics Section Paul E. Purser

Head, Propulsion Aerodynamics Section Paul R. Hill

Head, Operations Section Charles A. Hulcher

Superintendent, Pilotless Aircraft Research Clarence O. Green
Station

Wallops Island was placed under the Operations Section and was named the Pilotless Aircraft
Research Station (PARS). Clarence O. Green was named Station Superintendent, reporting to Hulcher.
Although PARD was quickly accepted as the designation of the overall organization, PARS was never
accepted by the employees—the station was simply called “Wallops.”

With the appointment of Green as Superintendent of Wallops, Brown was able to devote full time
to the construction of facilities. In fact, Brown turned over operation details to Green as soon as he
arrived at Wallops, without waiting for the formal assignment as Superintendent.

Green was transferred from the Langley Technical Service Department to Wallops on February
25, 1946, and was placed on the rolls of AFRS. He had had many years of experience at Langley in
wood model building, and the Langley Technical Service Department wanted someone with such
Langley experience to coordinate the operations at Wallops which, at this time, were mostly of a
technical service nature. On October 2, 1946, Harry C. Shoaf was transferred from Langley to Wallops
as Assistant to Green and Head of Engineering Operations. Reading continued as Administrative
Head.

The plan for project operation consisted of construction, instrumentation, and preparation at
Langley, followed by transportation to Wallops by either air or truck. The plan contemplated a
receiving building at Chincoteague, which was never constructed. Instead, air shipments were
transferred to a truck at the Naval Station and were transported to the Assembly Building at Wallops
according to the same procedure used for direct truck transport. This, of course, involved water
transport from the mainland to the Island.

At Wallops, the operation plan called for checkout of the instrumentation, installation of any
internal rocket motors, and mating with the booster rocket for launching. It also called for tests in the
“Preflight Burner” as needed. Later this was to be called the “Preflight Jet.”

The method of operation for PARD was intended to use the talents of each individual for
maximum productivity. Assigning the design responsibility and instrument responsibility to separate

7. Letter from Major D. R. Eastman, Acting ATSC Liaison Officer, to Engineer-in-Charge, Langley Laboratory, November 30,
1945, regarding pilotless aircraft nomenclature.
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divisions at Langley gave the engineers at PARD nearly full time to devote to their aeronautical
research specialty. The research engineers at PARD were assigned to sections according to their area of
specialization. Some men specialized in flutter, some in aerodynamic control systems, and others in
propulsion aerodynamics or performance. Much of their time was spent in proposing and preparing
- for new projects, as well as in analyzing and reporting the results of flight tests.

Separation of the engineering aspects of the overall job led to development of specialists in missile
design. The Special Projects Group in the Engineering Services Division, which started with design of
the Tiamat missile under Harold 1. Maxwell, later became the Pilotless Aircraft Group. In November
1951, it became the Dynamic Model Engineering Section (DMES), headed by Caldwell C. Johnson.
This section kept design responsibility throughout the years, and even 20 years later, some of the original
members were still so engaged. Specialization in the design aspects paid big dividends in reliability,
efficiency, and effectiveness. Many original ideas connected with missile and launch vehicle design
came from this group.

The second area of specialization was that of instrumentation. PARD assigned complete responsi-
bility for all instruments to the Langley Instrument Research Division (IRD) headed by E. C. Buckley. A
key group in the division was the Radio Control and Telemetering Section, headed first by M. J. Stoller
and later by C. A. Taylor. Responsibility included not only procurement, construction, installation, and
operation of all instrumentation (e.g., all radars, telemeters, radios, radiosondes, and spinsondes) but
also development of special sensors and other components as required. The IRD was responsible for
the reliability and accuracy of all instruments. They conducted environmental testing and calibration,
and specified all components to be used. This overall responsibility produced a continuity of experience
by a specialized group which made possible, for the first time, a remote system of flight data acquisition
having an accuracy consistent with research data requirements.

The Langley shops, in which the missiles were constructed, were likewise given freedom to develop
new processes of fabrication in cooperation with the engineering group. They pioneered in such tech-
niques as accurate spinning and forming of thin-skin magnesium bodies, welding of magnesium,
high-strength gluing of metal sheets to wood, and, later on, casting of various plastic shapes, and
extensive fiberglass construction.

TRANSFER OF EQUIPMENT FROM
MILITARY SERVICES

Establishment of a missile research station had the full support of the Army and Navy and the
initial program included specific missiles under development by both services. In accordance with
long-standing procedures, both the Army and Navy were expected to provide much of the equipment
required in the program. In fact, the Navy request letter of December 19, 1944, stated “The Bureau is
prepared to underwrite the design and procurement of any special models of airplanes or rocket units
that may be required in this program.” Accordingly, the NACA made every attempt to fill its needs
for equipment from the military supply.

When the AFRS was established, much of the equipment was available only from the military. This
included such items as radars, airplanes, trucks, and boats. Before the station was completed, the war
was over and many items of equipment became available from military surplus—a situation on which
the NACA capitalized.

An SCR-584 radar had already been obtained for use in the freely falling body program and an
M-2 optical sight and M-9 computer and plot board were added. This equipment was moved to Wallops
in late June 1945, for use in the rocket program as well. In anticipation of the need for several tracking
stations, requests were made to the Navy and the Army Signal Corps for additional SCR-584 units.

Two LCM-3 boats, one of which is shown in figure 10, were obtained on loan from the Navy in
June 1945 for transporting equipment between Wallops Island and the mainland. They remained in
regular service until replaced by a ferry some years later. Two 37-foot plane rearming barges were also
obtained in a similar manner and were converted for personnel transport by the addition of a cabin. One
of these is shown in figure 11. Two Navy 26-foot plane personnel boats were also obtained on loan for
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FIGURE 10. Navy LCM—3 boat transporting a truck along ~ FIGURE 1. Wallops 37-foot personnel boat converted from
the dredged channel from Wallops Island to the mainland. a Navy plane rearming barge. Craft is shown in the Wallops
channel.

FIGURE 12. Navy 26-foot plane personnel boat shown oper- ~ FIGURE 13. Grumman Goose JRF—5 amphibian used for
ating in the Wallops-Island-to-mainland waterway. Craft was  air transportation between Langley and Wallops.
fitted with cabins for passengers and crew.

FIGURE 14. Douglas C—47 transport used for carrying per- FIGURE 15. Lockheed 12 airplane available for use between
sonnel between Langley and Wallops. Langley and Wallops.
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faster transportation of a few people or a small cargo. As obtained, these were open boats, but one of
them was fitted with two separate cabins, one for passengers and one for the crew, as shown in
figure 12.

For land transportation, four-wheel-drive vehicles were required because of the lack of paved
roads and the need to travel through beach sand. Five jeeps were obtained from the Army and one
from the Navy. The Navy also provided a }%-ton truck, a %-ton carryall truck, and a 1}4-ton cargo truck.
The Army provided four 2¥-ton trucks, a 6-ton tractor crane, a water trailer, a 11%-ton fire truck, and
several miscellaneous vehicles such as a concrete mixer, an air compressor, and a welding machine. The
Army also provided large quantities of perforated steel landing mats.

The Army Air Forces obtained for Langley a number of sets of binoculars and telescopes, radio
sets, transmitters and receivers, meteorological observation sets, cameras, and stopwatches. The Navy
BuAer provided two special Mitchell motion picture cameras and two K-24 aerial cameras.

The Navy also provided two Quonset huts and six munitions storage igloos.

For air transportation of personnel, a Grumman Goose JRF-5 amphibian (fig. 13) was provided by
the Navy, and a C-47 airplane (fig. 14) by the Army Air Forces. Later, the Navy furnished a similar R4D
transport. These airplanes were on loan to the NACA, which meant, fortunately, that replacement
parts or even complete airplanes were provided whenever major repair was required. A Lockheed 12
airplane already on hand at Langley was also used. (See figure 15.) These airplanes were operated by
the Flight Research Division at Langley.

TEMPORARY CONSTRUCTION AND FIRST
ROCKET FIRING

The original plan for facilities in the Wallops Island area, as submitted to the Bureau of the Budget, was
based on permanent construction. Pending completion of these facilities, minimum temporary con-
struction was undertaken to enable missile launch operations to begin as soon as possible. Under NACA
policy, facilities were constructed by outside contractors. In May 1945, Virginia Engineering
Company (Basic Construction Company) of Newport News, Virginia, was awarded a contract for this
initial temporary work for an eventual cost of $51,999. The bids on the construction of permanent
facilities were opened on August 14, 1945, the day World War II ended. With the ending of the war,
the urgency connected with all military activities dropped almost to zero, and NACA priorities also
were affected. As a result, permanent facilities were not completed until the winter of 1946—1947, and
Langley had to operate for 18 months with temporary quarters.

The first headquarters for the NACA operations were located on the Chincoteague Naval
Auxiliary Air Station. A small wooden shed was put together to serve as an office for the Resident
Engineer, G. S. Brown. The Coast Guard and the Wallops Island Association personnel traveled to
Wallops from a dock in the town of Chincoteague. Early NACA travel was also by this route. Inasmuch
as the NACA base was to be located on the southern end of the island, however, it was found that much
time could be saved by starting out from Taylor’s Landing rather than from Chincoteague. Taylor’s
Landing, therefore, became the first regular departure point on the mainland.

An aerial view of Taylor’s Landing while it was in use in January 1946 is shown in figure 16.
Brown’s headquarters were moved here on July 18, 1945, after a second wooden shed had been con-
structed for use as an office. The NACA had to do some dredging leading from this landing down
Assawaman Creek. By June 1946, the new NACA mainland dock, which was located a mile or so
downstream, was.usable and operations were transferred there. As a compensation to John W. Taylor
for permitting use of his landing, the NACA dredged the small-boat mooring area and the turning
basin after operations were moved.

Figure 17 shows the new NACA Mainland Dock under construction. It is evident that the dock area
was simply dredged out of the bank of the creek. Figure 18 pictures-a typical scene of Langley
employees debarking from an open personnel boat after an operation at Wallops. Power for the Main-
land Dock was purchased through a‘direct connection with the Accomack Northampton Electric
Cooperative.
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FIGURE 16. Aerial view of Taylor’s Landing, January 1946.

FIGURE 17: Mainland Dock under construction, January 1946.
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FIGURE 18. Operations crew debarking at Mainland Dock, August 1946.

In prepartion for use of the tracking stations on the mainland, roads were graded to Station 1 and
Station 2. Station 2 was selected as the first mainland station because its location permitted tracking
missiles for a longer part of the flight path. A concrete slab was poured and a temporary shed was
erected. Road grading and paving, both here and on the island, were performed under subcontract by
Bero Engineering and Construction Company of New York, which had other paving contracts on the
Eastern Shore at that time.

At Wallops proper, the LCM boats at first were driven right onto the beach from the creek, for the
unloading of construction equipment and four-wheel-drive trucks. Later, extensive use was made of
pierced-steel landing mats. A temporary dock and pier were thrown together, as shown in figure 19. In
this figure, an LCM is shown in place, ready to receive its cargo. This little pier was used for many
months while the permanent dock, shown under construction in this same photograph, was being
prepared.

Northward from the Island Dock was nothing but sand, sand dunes, marsh grass, and under-
growth. The NACA had selected the southern end of Wallops Island because there were no trees to
limit the visibility necessary for tracking missiles from the mainland. A general aerial view of Wallops
Island, taken after temporary construction was completed, is shown in figure 20, looking north from
Assawaman Island. This view clearly shows Hog Creek behind the island, the long beach strip fronting
on the Atlantic Ocean to the east, the trees on the nothern part of the island, and the extensive
marshland separating Wallops from the mainland to the west. Chincoteague Island and the town of
Chincoteague are due north of Wallops, being separated by Chincoteague Inlet. The large sandy area
at the southern end of Wallops was not usable because it was frequently covered by the ocean during
high tides. The Grumman Goose amphibian (figure 13) landed in Hog Creek and taxied onto the sandy
area a few hundred feet downstream from the Island Dock. Pierced steel mats were fashioned into a
makeshift ramp.

Temporary construction on Wallops was divided into three separate areas: the dock area, the
launch area, and the work area. The living quarters were in the work area. A temporary road was
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FIGURE 19. Site of Wallops Island Dock, January 1946.

Assateague Island

o T

FIGURE 20. View of Wallops Island and surrounding area, January 1946.
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graded from the dock to the other areas. Even so, four-wheel-drive trucks and jeeps were required for
transportation for many months to come. The launch area was separated from the work area by a
“no-man’s-land” for safety purposes. Unfortunately, the launch area was established between the dock
and the work area, which later caused considerable interference for routine traffic to and from the
dock.

The launch area was the primary area on the island—in other words, the station’s “reason for
being.” The initial construction here consisted of a 50-foot by 50-foot slab of concrete for use as a
launching platform, an 8-foot by 10-foot observation station covered with sandbags, a rocket-motor
storage igloo, and a final loading building. The concrete launching slab became a permanent part of the
final permanent facility and, in fact, remained in use as a part of what is now called “Launching
Area 2,” under NASA.

The work area consisted of five wooden shacks (figure 21): (1) operations office; (2) assembly shed;
(3) general warehouse shed; (4) radio, dispensary, and darkroom shed; and (5) power generator house
with a 15-kw generator. For living quarters, tents were erected over wooden floors in late June and were
used until Quonset huts could be erected. The Quonset huts were ready by the end of July and were
located at Wallops Grid 120-121 N.. 99 E. (figure 9). Powerlines were run from the generator building
to the other buildings in the area. Water was hauled from the mainland and stored in four water barrels
mounted on wooden saddles. Four oil drums were erected on saddles for oil storage, and four more
were provided for gasoline storage. Latrines, or “Chick Sales,” were erected as required, according to
an entry in Brown’s diary.

FIGURE 21. Temporary shacks at Wallops work area, June 1945.

Communication with the outside world was made possible by a connection with the Coast Guard
telephone lines on the island, and by a radio link directly with Langley. The NACA paid the Coast
Guard for connecting the Wallops Island buildings to the existing Coast Guard system, which extended
to the town of Chincoteague. At Chincoteague, the lines were connected with the Chesapeake and
Potomac Telephone Company system. This arrangement continued until 1948, when the powerline
was run from the island to the mainland and telephone lines were strung on the same poles. The radios
used were obtained from the military, with receiving and transmitting sets at PARD and IRD at
Langley.

An aerial view of the launch and work areas on the island is shown in figure 22. The launching slab
and blockhouse may be seen on the beach left of center, nestled among sand dunes. A single power pole
is visible. The work area is identified by the numerous small shacks to the right of center. This
photograph was taken on June 27, 1945, the day the first rocket was launched from Wallops Island.

A better view of the launch area is given in figure 23. In the left foreground is a 3.25-inch rocket
mounted on its rail launcher with firing leads running to the sandbagged observation shelter or
blockhouse.
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FIGURE 22. Aerial view of Wallops launch and work areas, June 1945.

FIGURE 23. Wallops launch slab and blockhouse, June 1945.
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For this operation, the rockets and the ordnance personnel were supplied by the Patuxent Naval
Air Station. The Navy BuAer had established a special project to cover this cooperation with the
NACA.

The initial operations on Wallops on June 27, 1945, were to check the tracking station location and
operation, to check the use of CW (Doppler) radar for measuring velocities of missiles, and to gain
experience with actual rockets. Five 3.25-inch rockets were fired at an elevation angle of 39.4 degrees,
and one each at 33.7 degrees, 29.3 degrees, and 21.5 degrees. All were fired in a direction parallel to
the beach, to simulate the initial flight path planned for the first Tiamat missile launching. Four of the
eight rockets were tracked satisfactorily by the SCR-584 radar located at the mainland tracking
station 2, and a strong signal was obtained on the CW radar. As Hooker stated in his official report on
the operations, “In general, the operation was successful” (ref. 3). Brown, in his diary, expressed it this
way: “Hooker and gang arrived by B24 at 10:30. Went to Island and launched about eight rockets with
satisfactory results. Lt. Rucker and 3 Navy enlisted men assisted us.” The launching of the initial rocket
is shown in figure 24.

INSTRUMENTATION

For initial operations at Wallops, the SCR-584 radar that had been used at Langley in the freely falling
body flight program was moved to tracking station 2 on the mainland near Wallops Island. This loca-
tion was selected to allow visual tracking of rockets from the time of launch until the radar could
acquire the target and track it automatically. It was the first of a planned series of stations paralleling
the coast .to allow tracking of missiles such as the Tiamat as they flew down the range. The location
would also allow tracking of bodies dropped from airplanes onto the target at the northern end of
Assawaman Island. A typical view of an SCR-584 radar with the M-2 optical tracker, taken some time
later, is shown in figure 25.

The CW radar acquired in early 1945 for direct velocity measurement was also moved to Wallops
for the initial operations. This unit, shown in figure 26, was located among the sand dunes near the

FIGURE 24. Launch of first rocket at Wallops, June 27, 1945.
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FIGURE 25. View of SCR—584 radar and M—2 optical tracker.
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FIGURE 26. View of AN/TPS—5 radar at Wallops, June 1945. Engineer P. F. Fuhrmeister is shown beside the control van.
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launchsite. This radar was the AN/TPS-5 model which was nicknamed “Tipsy” by its crew. In fact, all
Doppler radars at Wallops were called “Tipsy” from this time on. The radar operated on a frequency of
2640 mc (10 cm).

The Doppler radar operates on the principle that a continuous radio signal directed at an object
moving away from the radar will be reflected at a different frequency that is proportional to the velocity
of the moving object. The radar is equipped with two antennas, one for transmitting and one for receiv-
ing the return signal (ref. 4).

The FM/AM telemeter developed at Langley for the freely falling body program was adapted for
use in the free-flight missile program. The first instrumented missiles used practically the same tele-
meter as the free-fall bodies. The higher accelerations and rough vibrations during rocket burning,
however, made it necessary to modify the telemeter. In fact, a continuous program of telemeter
development was necessary to meet the requirements of a continuously expanding missile program.
Special environmental testing techniques also had to be developed.

One special technique used for telemeter testing was the so-called “cable test.” A two-channel tele-
meter under development for use with high accelerations was attached to the front end of a 2.25-inch
rocket motor which, in turn, was hung from a cable stretched between poles on the beach at Wallops.
The downstream part of the cable branched into a Y which tied into two separate poles. The branched
cable served as a brake or decelerator to stop the rocket and allow a study of any malfunction of the
telemeter. The system was used quite successfully in the winter of 1947—1948 but was abandoned for
safety reasons after the cable broke in one test.

SAFETY CONSIDERATIONS

The initial operations at Wallops were carried out in accordance with standard Navy rocket firing
procedures. In fact, Navy men handled the actual firing. NACA personnel had had no experience with
rocket motors, but realized that they would have to acquire such experience and eventually take over all
responsibility. One of W. J. O’Sullivan’s jobs was to develop such a capability at AFRS.

One of the first engineers assigned to work on rocket firing and other operational problems was
William K. Hagginbothom, who was to continue as an active participant in solid-rocket propulsion
research for 20 years. The day after the initial operations at Wallops, he prepared some recommenda-
tions to improve operations, and suggested a set of safety rules (ref. 5). These were the first such rules
prepared for Wallops and were to be followed for years to come:

1. Clear target area of boats and people.

2. Minimum distance from the launching site for all unprotected personnel not actively engaged in firing
shall be at a'minimum of 150 feet.

3. The firing pit shall be cleared of unauthorized personnel at all times during firing operations.

4. At all times during operations one man shall be stationed at the firing pit to make certain that the
firing circuit is shorted out, and that no possibility of contact with the voltage source exists.

5. Before each rocket is connected to the firing circuit, a check by means of a circuit tester shall be
made to make certain that the firing circuit is dead.

6. It shall be the responsibility of the person in charge of the firing to enforce the safety regulations
in effect.

The effectiveness of the safety program at Wallops is attested to by the fact that through 1971,
after the firing of more than 10,000 rocket motors, not a single life had been lost although the
operations were not accident-free. '

For the sake of safety and reliability, specialists were developed in the area of solid-rocket
propulsion. The research engineers turned over rocket motor responsibility to these specialists, who
included rocket propulsion engineers as well as technicians. Specialization in this field still continues at
Wallops. When PARD was organized into sections on August 15, 1946, the rocket activity was assigned
to the Propulsion Aerodynamics Section headed by Paul R. Hill.
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With regard to hospital availability in the Wallops area, Brown determined on June 19, 1945, that
the Chincoteague NAAS hospital was available for emergency treatment of personnel of the NACA.
Over the years, the hospital was used for this purpose. On the island itself, a first-aid station was estab-
lished at the beginning of operations. The Safety Engineer at Langley informed the Chairman of the
Langley Executive Safety Committee that as of August 29, 1945, a first-aid station was manned on the
island by a holder of a Red Cross certificate, and that permanent construction would “provide for a
complete dispensary manned by either graduate nurses or a physician or both. Portable water showers
for the immediate neutralization of chemical burns have been constructed and will be ready for use at
such times as operations may require.” The Safety Engineer, Harry N. Henry, appointed Eugene M.
Reading Safety Coordinator under a new Langley-wide plan effective April 12. 1946.

TEST OPERATIONS

During the months of operation with temporary facilities, the missiles launched were the Tiamat for the
Army Air Forces, the Lark for the Navy BuAer, and a supersonic research missile designed by AFRS
and named “RM-1.” In addition, the need for basic aerodynamic information on wing drag and control
effectiveness in the transonic range promped Gilruth to expand the missile program to include
generalized component investigations and development of special techniques to make them possible.

Both the basic research program at Wallops and the specific research programs relating to military
development over the first 15 years of operation (1945—1959) are covered in the list shown in
Appendix B. A more complete description of each program is included as a part of the discussion in
specific chapters. A list of flight operations at Wallops during the same 15-year period is given in
Appendix C. A list of all test operations in the Preflight Jet appears in Appendix D. Technical reports
generated by Wallops test operations are listed by program and year in Appendix E. Individual re-
ports are referenced as they are discussed. For the most part, the accomplishments of Wallops as dis-
cussed in this account are based on these reports.

TIAMAT MISSILE PROGRAM

The initiation of the Tiamat guided missile (MX-570) and a proposal for its developmental testing by
Langley have been discussed in Chapter 1. The Tiamat, the Army Air Forces’ first air-to-air guided
missile, was the first missile to be tested at Wallops. This ambitious project “to develop the MX-570 for
combat use” was originally planned around the launching of 36 missiles, and arrangements for their
production were made in the Langley shops. Before the project was very far along, however, the war
ended, a general cutback was made in military development, and this subsonic missile was reduced to
low priority. As shown in Appendix C, 4 were flown in 1945, 3 in 1946, 2 in 1947 and 1 in 1948, for a
total of 10 missiles. The original purpose of the project was changed from development for combat use
to research on automatic control systems.

The Tiamat, as designed by Langley for test at Wallops, contained all the elements of an actual
missile except a warhead and a guidance system. A booster was developed for ground launching. In
effect, then, this gave the Tiamat the capability for use as a ground-to-air missile in addition to its
original intended use for air-to-air launching. Responsibility for the Tiamat project was initially
assigned to R. T. Jones of the Stability Research Division, but after AFRS was established the
responsibility was transferred to Charles L. Seacord, Jr., of AFRS. Robert A. Gardiner of the
Instrument Research Division was responsible for the automatic control system, which he assembled
from German V-1 autopilot components. He also served as firing officer for the early tests.

The aerodynamics of the original subsonic Tiamat design were verified by wind-tunnel tests before
launching and, except for the possibility of some high-speed effects, no problems in this area were
anticipated. The only problem with aerodynamics was encountered during tests in the Langley Free
Flight Tunnel when the original three-wing panel design was found to suffer a loss in directional
stability as the angle of attack was increased (ref. 45, Chapter 1). A four-panel arrangement overcame
this problem, and all flight Tiamat missiles were changed to this design after the first missile. Later in
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the program, the sweepback of the wings was changed from 0 degree to 41 degrees to provide data
applicable to missiles designed for higher speeds.

Because the chief problems encountered with other guided missiles under development during the
war had to do with the automatic control system, the test program for the Tiamat centered around that
system. The only definite flight plan was to find out whether the control system could stabilize the
missile while it was performing a turning maneuver. The many other things learned in the program
were byproducts.

FIGURE 27(a). Front view of first Tiamat missile and booster on launcher, July 1945.
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FIGURE 27(b). Rear view of Tiamat and booster shown in figure 27(a).
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The first Tiamat launched—on July 4, 1945—was a “dummy” missile without a control system. In
figures 27(a) and 27(b), it is shown mounted on its launcher. The missile was launched to verify the
booster and launch system. The booster was supposed to accelerate the missile to 500 miles per hour
and then separate from it; the sustainer rocket would maintain this speed as the missile flew at constant
altitude along its prescribed course parallel to the coast.® The dummy was launched successfully, but the
booster failed to separate. For the next flight—the first with a complete missile—on July 8, 1945, some
fixed drag brakes were added to the central tube of the booster to increase the separation force as the
sustainer motor fired. In this second launching, the booster separated but, as it did, it disturbed the
missile and “tumbled” the gyroscopes within, terminating the flight (ref. 6). This trouble was believed to
have been caused by the fact that although the booster-missile combination was stable, the empty
booster alone was unstable and started to diverge as soon as it began to move rearward from the missile.

A four-channel telemeter was contained within the missile to monitor flight behavior. The follow-
ing items were measured continuously: (1) normal acceleration, (2) transverse acceleration, and (3) roll
attitude. Impact pressure and rudder servo position were measured alternately on the fourth channel
by switching at a rate to give 10 readings of each item each second. Starting with the third missile,
elevator position was also measured by switching alternately with another item. The SCR-584 radar and
motion-picture cameras tracked each missile in flight, and the TPS-5 radar was used experimentally,
when operational, to measure velocity during the boost phase.

Although these flights were failures, several new concepts were proved and the need for changes
was shown.

A cluster of six rocket motors was used for the first time. The cluster was so mounted that the
thrust of each motor passed through the center of gravity of the missile-booster combination. A tie-
down link also was used for the first time. The link had been designed to hold the missile in case all of
the booster motors did not fire. The zero-length launcher was the first of its type ever used. It was
entirely satisfactory. The launching also demonstrated the successful operation of a separation
system—a four-strap system which tied the booster to the missile during launch, but which was broken
free by blasting caps at the prescribed time (ref. 7).

The telemeter did not function properly in the first launch. Although it had been working satis-
factorily on external power prior to launch, it stopped working at the instant of launch. In the process
regularly used at that time, a plug pulled out and transferred power to batteries in the missile. The
failure necessitated a change in launching technique that is still followed in all similar launchings; i.e., to
shift from external to internal power a few minutes prior to launch. A “hold” can then be called if
operation is unsatisfactory.

The third Tiamat launching, on August 24, 1945, is shown in figure 28. A new booster
incorporating a single Monsanto ACL-1 rocket motor replaced the cluster of six Cordite motors. This
booster was also used by the Army Air Forces on their JB-2 “buzz-bomb” guided missile, an American
copy of the German V-1 missile. This time, the booster was designed to be aerodynamically stable after
separation, to avoid the disturbance encountered earlier. In this flight, everything worked as planned,
except the automatic control system. There were continuous oscillations in pitch, yaw, and roll. The
oscillations in roll overrode the altitude signals, and level flight was not maintained. The maximum
altitude reached was 600 feet, and the distance traveled was two miles (ref. 8). The continuous oscilla-
tions in roll are explained in reference 9 by the time lag in the automatic control system, which was
copied from an AZON missile and was electrically operated with full deflection of the ailerons (flicker
or “bang-bang” system).®

Difficulties continued to beset the Tiamat. Several flights were completely unsuccessful because of
failure of one or more of the automatic control components. One failure was caused when the straps
connecting the missile and booster failed to break as planned.

The next successful flight, and the only one to demonstrate the programmed turn as originally
planned, was made on August 7, 1946. For this flight, the external straps were replaced by a central tail

8. The internal rocket in a system was called a “sustainer” rocket from this time on, even though, in most cases, it was used
only as another acceleration rocket.

9. Insuch a system, the ailerons were either fully up or fully down, and flopped from one position to the other with a “bang.”
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FIGURE 28. Launch of Tiamat B missile, August 24, 1945.

cone connection containing a preloaded spring that was cocked by an explosive bolt during burning of
the booster rocket. In this flight, the control system was satisfactory in yaw; but in pitch the rate gyro
appeared to fail in the middle of the flight, and oscillations developed. Continuous hunting oscillations
in roll were also present (ref. 10). The launching of this missile is shown in figure 29. A “split-house,”
which was opened for launching, had been added to the launch area by this time to provide a cover for
the missile during preparations for launching.

FIGURE 29. Tiamat C launching from Wallops split-house.
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The last flight of a Tiamat missile was conducted in June 1948. The Tiamat was not flown as a
completely stabilized missile but simply as a test vehicle for a special type of roll stabilization system. The
many failures with the complicated control system previously used led Gilruth to propose that a flight
test be made of a roll-control system that had the ailerons connected directly to a displacement
gyroscope with a torque motor to limit gyroscope precession. This arrangement provided a propor-
tional system without lag. A servomotor was connected to the controls on the vertical wings to move
them periodically, to give a roll disturbance for the stabilization system to work against. Although the
pulsing system did not work and the telemeter failed after 8 seconds of flight, the test did demon-
strate that this type of stabilization system would work. Motion pictures showed no noticeable rolling
(ref. 11).

By this time, a six-channel telemeter was available and was used for continuous measurement of
the following quantities: (1) lower vertical control position, (2) right horizontal control position, (3)
bank angle, (4) dynamic pressure, (5) transverse acceleration, and (6) rate of roll.

The early failures in the Tiamat program were quite disappointing to the engineers at Langley as
well as to the crew at Wallops, but they were indicative of the general status of missile development at
that time. Although the priority of Tiamat became very low when the war ended, it was not apparent
how a successful missile of this type could have been developed earlier, with the unavailability of
reliable automatic control components. Concurrent flight tests conducted by Hughes Aircraft Company
were likewise beset with difficulties, and the development contract for this subsonic missile was termi-
nated. Interest at Hughes in air-to-air missiles continued, however, and later their supersonic Falcon
air-to-air missile was to become a most effective weapon in the Air Force arsenal. Interest at Wallops
likewise shifted to the supersonic range.

NACA SUPERSONIC MISSILE: RM—1

When the Auxiliary Flight Research Station was established, the approved research program included a
“supersonic missile.” Initial plans were centered around the ramjet-powered supersonic missile proposed
by M. C. Ellis and C. E. Brown,' and the design of such a flight missile was begun in February 1945.
Lacking detailed information required for design of the supersonic ramjet engine, and pending
development of such an engine, Gilruth proceeded with a supersonic missile flight-test program
incorporating solid-rocket motor propulsion. This was the first new program to be initiated by AFRS,
and was the first of a series of Research Missiles (RM-1). Figure 30 shows a typical RM-1 missile
mounted with its booster on a special zero-length launcher.

Research Authorization 1224 was issued in March 1944 for the freely falling body program, but
it was also used for some of the rocket-model programs involving experimental body structures. The
requests of the Army and Navy in December 1944 for an accelerated program of high-speed research*!
led to the issuance of RA 1333, “Studies of Bodies Suitable for Supersonic Flight.” The purpose of the
research was “To determine the characteristics of wings, bodies, and controls suitable for flight at super-
sonic speeds . . . to provide the fundamental data required for the design of missile or airplane-like
bodies.” The RM-1 was charged to this RA. In fact, RA’s 1224 and 1333 provided the authorization
for most of the general research of AFRS and PARD for several years.

The RM-1 was smaller in diameter than the Tiamat (6 inches, compared with 20) and lighter (124
pounds, compared with 600) although it was longer (136 inches, compared with 120). With a 5-inch
Cordite sustainer rocket alone, it attained a speed of Mach 1; with a similar motor used as a booster in
addition, a speed of Mach 1.4 was obtained. In the case of the RM-1, the function of the sustainer rocket
motor was quite different from that of the sustainer in the Tiamat missile. With the RM-1, each of the
two rocket stages provided approximately one-half of the speed during the 3.5 seconds of burning time
of each motor. Flight times of just a few seconds were quite acceptable for this research missile in
contrast to the flight of 45 seconds originally specified for the Tiamat development.

10. See footnote 7, Chapter 1.
11. See footnotes 14 and 15, Chapter 1.
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FIGURE 30. Typical RM—1 missile on launcher.

The RM-1 had four sweptback wing panels and four sweptback tail panels interdigitated with respect
to the wings. The wings and tails were NACA 65-010 wing sections normal to the leading edge, which
made them 7 percent thick in a streamwise direction. Because of difficulties other missiles had
encountered in roll stabilization, the first program for the RM-1 was concerned only with roll. Leaving
out stabilization in pitch and yaw greatly simplified problems and increased the chances of successful
flights. Roll stabilization was provided by an autopilot using rate and displacement gyroscopes
commanding an electromagnetic servomotor connected to a single trailing-edge aileron.

The RM-1 was planned as a generalized test vehicle, not only for different autopilots but also for
aerodynamic investigations of different wing shapes and control types. It was the first supersonic
missile the NACA developed, and great things were expected of it as a research tool. A four-channel
telemeter was part of the standard equipment.

Several flights with dummy missiles were made to verify the design and general technique—the
first being conducted on October 17, 1945. The launcher was a simplified version of the Tiamat
launcher, and the booster was designed from lessons learned with the Tiamat. The booster attachment
fitting incorporated a spring rejection mechanism as in the Tiamat, and the booster thrust was
transmitted directly to the nozzle of the sustainer rocket motor.

After several successful flights with dummy missiles, the first instrumented version was launched in
May 1946. Everything worked fine until the missile approached Mach 1. The roll stabilization system
performed as expected, with a low-amplitude continuous oscillation up to this point. Near Mach 1, the
missile went into a continuous roll that lasted until the speed had returned below Mach 1 and stability
was restored. At this time, it was not clear whether the trouble at supersonic speeds was caused by lack
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of control or by excessive hinge moments which prevented the servomotor from moving the ailerons
(ref. 12). The next flights were designed to answer the question.

The next RM-1 was launched on August 9, 1946. It was equipped with a wing rolling-moment
balance and a control-position indicator to measure the rolling moment produced by aileron deflection.
Unfortunately, the power supply to the autopilot failed, and the ailerons were left free-floating with no
mechanical restraining force except friction in the bearings. In flight, the ailerons experienced high-
frequency oscillations in the transonic and low supersonic speed ranges (Mach 1.03 to 1.40) (ref. 13).
This “aileron buzz” was similar to that encountered earlier in flight with the P-80 airplane.

Another flight attempt was made to explain the loss of stabilization in roll of the early RM-1 flight.
This time, the aileron hinge moments were measured along with the control deflection and wing rolling
moments. This flight, made in January 1947, ended the RM-1 series of 10 flights. In the flight, the roll
stabilization was again lost at supersonic speeds. The hinge moments became quite high at such speeds
and prevented the servomechanism from maintaining full aileron deflection. But this was not the main
reason for failure to stabilize. The rolling moment balance showed that at Mach numbers greater than
0.90 the control effectiveness was reversed; that is, an aileron deflection to produce a right roll actually
produced a left roll. At this time, it was believed that the main cause of the reversal was lack of torsional
rigidity in the wing, although loss of aerodynamic effectiveness was not ruled out as a possibility
(ref. 14). It now appeared that at transonic and supersonic speeds aerodynamics and structural rigidity
were more important than the type of stabilization system used. Emphasis therefore was shifted to
component testing with simple models, as will be discussed later.

NAVY LARK MISSILE SUPPORT

The Navy Lark guided missile was BuAer’s designation for its surface-to-air subsonic interceptor
missile. The Lark development was initiated in January 1945, with top priority for use against the
Japanese. Fairchild was the main contractor, and eventually the Lark was placed in production, but not
in time for use in World War II. As reported in Guided Missiles Volume and Directory, 1963, it had the
distinction of “scoring history’s first aircraft interception and destruction by a guided missile.”

Like the RM-1, the Lark had four wing panels and four tail panels. In flight, the missile was
maneuvered by deflecting flaps on the wings, while the fuselage was kept aligned with the direction of
flight by the controls on the tail surfaces. Assistance in control system analysis was requested by BuAer
on May 11, 1945, and the Langley Stability Analysis Section submitted three reports on this work
(refs. 48, 49, and 50, Chapter 1). Assistance in flight tests was requested by the Navy BuAer on
August 3, 1945. The purpose of this series of flight tests was stated on RA 1375 issued by the NACA: “To
obtain information by actual flight tests of the stability and control characteristics of models designed to
comply with the specifications of the ‘Lark’ pilotless aircraft.”

The details of the Lark program were discussed with BuAer personnel on November 5, 1945, with
Gilruth representing the NACA. His memorandum of November 9 stated, “Inasmuch as flight tests of
the actual Lark missiles are set up for Inyokern Naval Station, it was suggested by the Bureau Of
Aeronautics personnel that NACA flight tests concentrate on obtaining aerodynamic information for
correlation or explanation of full-scale Lark behavior.”

A flight program was arranged, under which Langley was to measure such items as static stability,
maximum maneuvering lift coefficients, and effects of tail orientation on stability and control for
generalized models of the Lark. The models to be flown were to be 0.5-scale versions patterned after
the RM-1 missile and constructed at Langley. Four configurations were flown between May and
October 1946. The results are reported in references 15 through 19, listed at the close of this chapter.

The Lark missiles flown at Wallops weighed 125 pounds and were propelled by a single internal
Cordite rocket motor. The RM-1 launcher was used, and the maximum Mach number attained was
0.90. Figure 31 shows the Lark mounted on its launcher.

A special “pulsed-control” technique was developed for this project, to obtain stability and control
information. In the technique, the control surfaces were moved rapidly from one fixed position to
another and then returned to the original position. The controls were kept at each position long
enough to allow the natural oscillations to cover several periods. For the Lark, the time between
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FIGURE 31. Typical 0.5-scale Navy Lark missile.

movements was 1.2 seconds. A four-channel telemeter transmitted readings of control position, normal
acceleration, longitudinal acceleration, and impact pressure. SCR-584 and TPS-5 radars were used.
Static pressure was taken as sea-level pressure inasmuch as the maximum altitude was only 500 feet.
Although five reports were prepared, as shown in Appendix E, all results were summarized in the final
report (ref. 19). A typical set of basic flight measurements is shown in figure 32. From these data, static
and dynamic stability could be determined, and such data were obtained for BuAer for various
configurations of the Lark missile. The procedures for analyzing the flight records are described in
reference 4 in the list following this chapter. The Lark project was unique in this period in that every
flight was a success.

BEGINNING OF A DRAG RESEARCH
PROGRAM: RM-2

The difficulties associated with constructing and testing complete missiles such as the Tiamat, and even
the RM-1, led Gilruth to search for ways of obtaining aerodynamic data at supersonic speeds by even
simpler techniques. The success of the TPS-5 radar in directly measuring velocity led him to examine
this radar further, and he found that it had the accuracy for determining acceleration as well as velocity.
This alone, then, was sufficient to determine the variation of aerodynamic drag with speed or Mach
number. When the missiles were launched almost vertically (at a 75-degree launch angle), the flight
became so close to a straight line that detailed corrections for flight path variations were not required.
The TPS-5 radar had a short range, however, and it was necessary to power the missile with a short-
burning rocket motor. The 3.25-inch motor, already being used for training purposes, was found to be
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ideal for these early tests. Its small diameter and burning time of less than one second allowed super-
sonic flight to be achieved and the experiment to be concluded within radar range. A 58-pound model
could be propelled to a Mach number of 1.4 with a single rocket.

The program for determining aerodynamic drag characteristics with simple models was called
RM-2. The first RM-2 was launched on October 18, 1945. An early RM-2 model in its special launcher is
shown in figure 33. The launcher was a simple guide rail with no moving parts, and was set at a fixed
launching angle of 75 degrees.
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FIGURE 32. Flight test results showing variation in Mach number, rudder-elevator deflection, and normal and longitudinal
accelerations with time, for 0.5-scale model Lark of standard configuration.

John Stack was an enthusiastic supporter of the program because it would allow a rapid evaluation
of such variables as wing section, aspect ratio, sweepback, and wing taper from high subsonic speeds
through the transonic speed range and into the low supersonic speed range. In the early tests, the
fuselage and tail surfaces were kept the same, and the wings were varied. As shown in Appendix C, 146
models were flown in 1946 alone. The RM-2 designation later was changed to E2, which is used in the
appendix listing.

Figure 34 shows a typical variation of velocity with time for one of the RM-2 models in flight. As the
figure indicates, the entire test is over in less than 4 seconds. The slope of the curve is the acceleration or
deceleration, while the area under the curve is a measure of the distance traveled along the flight path.
From curves such as this, the variation of total drag coefficient'? with Mach number may be determined
for a number of different configurations, as shown in figure 35. In this figure, the drag coefficient is
based on a constant exposed area of 200 square inches. The wing section was an NACA 65-009 at right
angles to the leading edge of the wing in all cases (ref. 16). A significant effect of sweepback is clearly
shown. The data are from the research reported by Alexander and Katz (ref. 20).

Inasmuch as tests were conducted with the RM-2 at low altitudes, the results corresponded to those
obtained at high altitude with a much larger model, and therefore could be applied almost directly to
missiles and airplanes in high-altitude flight.

The RM-2 models were constructed mostly of wood and could be made rather quickly. This, of
course, was one of the models’ great advantages. Normally, at least two models of each shape were

12. Drag Coefficient, Cp = D/qS, where D is drag, q is dynamic pressure, and S is wing area. q = }% pV?, where p is air densitv
and V is velocity.



FIGURE 33. Project engineer Sidney Alexander adjusts typical RM—2 model on its special launcher at Wallops Island, October
1945.

flown, and the results were averaged to obtain greater accuracy. Because this was the first time that wing
drag was easily obtainable in the transonic range, a quite extensive program was prepared. Five
additional reports on these tests were prepared in 1946 (refs. 21 through 25).

Considerable difficulty was encountered with structural failures in the early phase of the program.
There was no knowledge of the loads to be encountered in flight through the transonic range; design
criteria had to be devised from the failures. The main cause of failure was wing flutter near the speed of
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FIGURE 34. Typical RM—2 velocity-time curve.

sound. This flutter was usually an unstable high-frequency coupled bending and torsional oscillation of
the wing that frequently resulted in its destruction. In flight, the failures would occur during the first
second, and it was therefore difficult to determine the actual sequence of events.

Pending development of more refined calculation procedures, an empirical criterion related to
torsional stiffness of the wing was developed from the rocket model data and was used quite
successfully. (See refs. 26 and 27.)

The RM-2 models were constructed in the Langley wood shops. To keep construction time to a
minimum, the use of metal was minimized. The thick, low-aspect-ratio wings were satisfactory when
made entirely of wood; but as the wings became thinner or longer, metal had to be added to provide the
-stiffness required to overcome flutter.

To allow the use of simple woodworking tools in forming the wing sections, instead of the more
time-consuming metal airfoil contouring machines, a “trick” was resorted to that really paid dividends.
In order to ensure stiffness in the wood wings, sheets of metal were glued to the upper and lower
surfaces. Before gluing the metal to the center core of the wing, the woodworkers glued thin sheets of
wood veneer to both sides of the metal. This left an exposed wood surface which could then be
contoured with woodworking tools. The gluing of wood to metal made use of the Chrysler Corporation
Cycleweld gluing process, especially adapted to AFRS needs by Langley shop personnel. It was a real
construction “breakthrough” in this period.

FREELY FALLING BODY PROGRAM

As has been mentioned earlier, the freely falling body program originated at Langley in 1944. Research
Authorization 1224 was approved by the NACA on March 25, 1945, to cover the program. Heavy
bomblike bodies were dropped from airplanes at high altitudes, and aerodynamic data were tele-
metered from the bodies as they accelerated through the speed of sound prior to impact. The bodies
were tracked by SCR-584 radar.
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FIGURE 35. Graph of Wallops flight test data for RM—2
rocket models, showing effect on drag coefficient produced by
varying sweepback of wings with aspect ratio of 2.7.

At first, the bodies were dropped on the regular Army bombing range on Plum Tree Island near
Langley Field, Virginia. When the Auxiliary Flight Research Station was established on Wallops Island
and the SCR-584 radar was moved there, the freely falling body program was moved to Wallops and
the circular target area on the northern tip of Assawaman Island, just south of Wallops, was used as the
impact point.

Although the program was under the direction of the Flight Research Division at Langley, Wallops
was responsible for the tracking and data acquisition of the drops made there. For the sake of complete-
ness, the entire program is discussed in this account.

In the beginning, the drop airplane used was a Boeing B-17, complete with crew on loan from the
Army Air Forces. With the B-17, drops could be made from 35,000 feet, but this altitude presented a
hazard to the crew; the B-17 was not pressurized and the crew had to use oxygen. In addition, the war
was on and it was difficult to borrow the airplanes except for short periods. The B-17’s were used in the
technology development phase intermittently from May 31, 1944, to December 2, 1944, and again in
another brief test period near the end of January 1945. The first instrumented body was dropped from
a B-17 on December 1, 1944. Earlier, a Brewster F3A-1 airplane was used for environmental tests of the
instrumented body, which was mounted on an external bomb rack for high-altitude, high-speed, and
dive tests.

Because of the difficulties with “altitude sickness” experienced by the crew of the B-17, a B-29 was
requested in March 1945 and was received on May 9, 1945. On October 19, 1945, this airplane was
replaced by a second B-29 equipped with fuel-injection engines for better operation at high altitudes
(see fig. 36). The plane was used until March 1948. After the war, it was no problem to obtain B-29’s; in
fact, they were loaned to Langley and were operated entirely by NACA crews shortly after the first one
was received. Drops from a 40,000-foot altitude were made with the B-29.

For the first tests in the program, John Stack designed a high-speed body with a fineness ratio'® of
6.0 (ref. 28). In designing the shape, Stack gave consideration to high critical Mach number, low nose
angle for low drag above Mach 1, and low drag in the subcritical range. Figure 37 shows one of these
bodies mounted on the bomb rack of a B-17.

Of six bodies dropped in late January 1945, two were instrumented. The telemeter transmitted
data on total longitudinal acceleration, longitudinal force in the boom connecting the stabilizing tail

13. Fineness ratio is the ratio of length to maximum diameter.
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FIGURE 36. Boeing B—29 airplane used in freely falling body program, 1945.

e

FIGURE 37. Typical freely falling body mounted on bomb rack of Boeing B—17 airplane, June 1944.

surfaces with the body, and a differential pressure reading between orifices on opposite sides of the
body at its maximum diameter. The latter readings gave an indication of any yaw oscillation (ref. 29).

A second part of this program was the test of a body having a similar shape but a fineness ratio of
12.0. The longitudinal coordinates of the body of fineness ratio 6.0 were doubled to form the body of
fineness ratio 12.0. Five of these bodies were dropped, and typical data from one of them are shown in
figure 38. The total drag characteristics of the bodies of fineness ratios 6.0 and 12.0 are shown in
figure 39. These were the first data to show the powerful effect of fineness ratio on body drag in the
transonic range (ref. 30).

The second series of bodies dropped in this program was designed to verify the favorable effects of
sweepback on wing drag, as predicted by R. T. Jones (ref. 31). In the first test, a wing with 0-degree
sweepback was mounted on a body of fineness ratio 12; in the second, a wing of 45-degree sweepback
was similarly mounted. In each case, the wing was attached to an internal balance to measure wing drag.
The body had a cylindrical midsection to minimize interference effects between the wings and the body
(ref. 32).
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The wing drag results are shown in figure 40, which compares 0-degree and 45-degree sweptback
wings of 65-009 sections. Also shown is a calculated curve labeled “Jones’ Theory.” Although a large
part of the drag reduction shown was the result of reduced thickness in the streamwise direction for the
swept wing, reduction of the wing drag by a factor of almost 4 was certainly a verification of Jones’
theory. (In this period, wing sections were normally given at right angles to the leading edge of the
wing.)
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FIGURE 40. Wing drag results from tests using freely falling
body technique: Comparison of drag of 0-degree sweepback
with that of 45-degree sweepback.

The finding resulted in adoption of sweepback for almost all of the new high-speed airplane
designs.

The usually conservative NACA report on the results concluded, “The appreciable magnitude of
the drag reduction effected by the sweptback planform indicates that continued research is desirable to
improve further the aerodynamic characteristics of such configurations.” Dr. Lewis was impressed by
the success of the technique and commented, “I want to congratulate the Flight Research Division and
the Instrument Division on the excellent reporting of the flight test data. It is quite remarkable that so
much information is obtained within a period of 52 seconds.”**

The sweepback theory of Jones as outlined in his memorandum of March 5, 1945, was prepared as
a technical paper and was transmitted to the military services in June 1945 (ref. 33). By this time,
experimental verification of the theory had been obtained by both the wing-flow and freely falling body
techniques, but the report was not held up to incorporate the experimental results. The first com-
bined presentation of the theory and experimental confirmation was made at an Army-Navy-NACA-
Industry Seminar on High-Speed Aerodynamics at Wright Field, Ohio, on September 6, 1945. A paper

14. NACA letter written by G. W. Lewis, Director of Aeronautical Research, to Langley on July 28, 1945, with regard to MR
1.5G23a.
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by Jones gave the practical significance of the new theory and contained the comparison of theory with
the freely falling body results shown herein in figure 40 (ref. 34). The curve labeled “Jones’ Theory” in
figure 40 was derived from the pressure drag measured for the unswept wing by reducing the pressure
drag increments by a factor of cos®A (where A is the sweepback angle) and plotting the resulting values
at Mach numbers increased by 1/cosA. This derives from the consideration that the pressure drag is
related only to the component of flow at right angles to the leading edge for a constant chord infinite
wing. The somewhat higher values measured in flight for the swept wing were the result of fuselage
interference and wing-tip effects. This finding of Jones was the immediate result of an extension of his
earlier theoretical treatment of triangular wings, which he was asked to examine in connection with the
Griswold triangular-wing version of the Tiamat guided missile (ref. 35).

By the time of the seminar at Wright Field, the war was over and the vast amount of research
conducted by the Germans had been uncovered. At the seminar, Russell G. Robinson, NACA
Headquarters, who had replaced H. J. E. Reid of Langley with the Alsos mission to Europe, presented a
paper outlining the German contribution to high-speed aerodynamics (ref. 36). Robinson pointed out
that the Germans had followed up Busemann’s “hint” of 1935 and by 1940 had confirmed the
advantages of sweep at high speed. “Wing sweep, either back or forward, is the most thoroughly
developed new idea to come out of Germany and the one that leads to a great deal of ‘Why didn’t I
think of it earlier?’ Sweep was a characteristic employed in almost all high-speed aircraft being planned
in Germany in the closing days of the war.”

The Army Air Forces criticized the NACA in October 1945 for not releasing Jones’ sweepback
theory earlier. General A. R. Crawford, Chief of the Production Division, wrote Dr. Hunsaker that
when ATSC personnel visited Langley in March 1945 to discuss the design of the XS-1 airplane
(MX-653), no mention of the new theory was made, and the airplane “was laid out with a straight wing,
while it now appears that the design can be greatly improved by use of a sweptback wing. Such a change
at this time must, however, delay the project and increase the cost to the Government. Likewise, the
XP-86, the XB-47, and other projects have been retarded by the delay in making this same information
available.” Later, the research airplane program was expanded by the addition of sweptback-wing
designs by both the Army Air Forces and the Navy.

Floyd L. Thompson, Assistant Chief of Research at Langley, prepared an answer to General Craw-
ford on the position of the NACA. Jones’ theory was considered so radical that its general release in
March 1945 without experimental verification was not felt to be justified. To have recommended
changing airplane configurations from straight to swept wings without verification could have been a
“blunder of the greatest magnitude. . .. Not only was experimental evidence lacking but our best
theoretical minds'® were divided as to the validity of the theory” (ref. 37).

In 1946, Jones was presented the Sylvanus Albert Reed award for “his contribution to the
understanding of flow phenomena around wings and bodies at speeds below and above the speed of
sound.”

The first freely falling body test which verified Jones’ sweep theory was the beginning of a con-
tinuing program on wing and body combinations. Wings of different aspect ratio and sweepback were
investigated for NACA 65-009, 65-006, and circular-arc sections (refs. 38 and 39). Later, a test was
made with a 45-degree sweptback wing mounted in a forward location on a streamlined body of
fineness ratio 12.0, which was selected as being more representative of a supersonic airplane than the
earlier cylindrical body. Although interference effects were greater than those with the cylindrical
body, the considerable benefits of sweepback were still evident (ref. 40).

A few flights were made to determine the effects of sweepforward on the drag of wings. The Army
Air Forces were interested in such information in connection with the Consolidated-Vultee XA-44
airplane under development. Sweptforward wings were to be tested on the Langley drop body, and a
complete model of the airplane was to be dropped later, according to a request of the Army made on
January 7, 1946. The complete model with 30-degree sweepforward was tested in August 1946. By this

15. In the letter transmitting Jones’ report to NACA Headquarters, it was stated that “Dr. Theodore Theodorsen does not
agree with the arguments presented and the conclusions reached and -accordingly declined to participate in editing the
paper.” Theodorsen was Langley’s foremost theoretical physicist at that time.
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time, the XA-44 had become the XB-53 airplane. No formal report was prepared, but the test results
were given to the interested parties. In the general program, the sweptforward wing mounted on the
Langley body of fineness ratio 12.0 showed some drag reductions over a straight wing, but they were
not as great as those of the sweptback wing (ref. 41). The interest in sweepforward, which stemmed from
the more favorable low-speed stall characteristics, was short-lived because sweptforward wings present
a greater structural divergence problem.

LIVING CONDITIONS

When Langley personnel established the launch base on the southern end of Wallops Island, it was a
barren wilderness of sand and scrub growth populated by wild ponies, flies, and mosquitoes. Every-
thing had to be moved in. Living accommodations had to be provided for two groups of personnel: the
permanent complement on the island and the transient personnel from Langley.

Except for a few guards, who lived on the island and doubled as cooks and “hotel staff,” the
permanent crew had to be transported to and from the island daily. For them, “portal-to-portal” pay was
the rule; that is, their day began at the Mainland Dock and ended at the same dock in the afternoon.
During the day, the needs of these people were the same as those of the transients. After working
hours, however, the permanent crew were on their own. They had to furnish their own homes or
rooms.

On the Eastern Shore, living conditions were poor for nonresidents. There were few homes for
sale there and practically none were available for rent. When the NACA moved in, the people from
Chincoteague NAAS had been there for some time and had already taken over practically all available
accommodations. Because of this, most of the NACA employees were recruited from among the people
who lived up and down the Shore from Wallops a distance as great as 20 miles. It was difficult to entice
professional people, either engineers or electronics technicians, to move there. The area was mostly a
farming and fishing community. Chincoteague was the largest town, and it had a population of only
2,500 people, approximately. Attempts were made without success to get approval for construction of a
Government housing project. In the summer of 1946, some houses became available from the Govern-
ment wartime housing project of Copeland Park in Hampton. The Federal Housing Authority agreed
to make these available to communities on the Eastern Shore, provided the communities furnished the
land and utilities. As an NACA representative, G. S. Brown discussed this possibility with the towns of
Parksley and Onancock, and both expressed an interest. The houses were not the answer, however, and
the nonresident employees eventually established themselves in one of the communities by purchasing
or building homes of their own. Some of the professionals selected the somewhat larger town of
Pocomoke, Maryland, despite its distance of 20 miles from Wallops.

For transient personnel required during launch operations at Wallops, the first plan was to find
accommodations on the mainland and transport them to Wallops Island and the tracking station as
needed. But a survey made by Ray Hooker showed that very few rooms were available. There were
three small hotels in the town of Chincoteague and some tourist cabins at Whispering Pines on U.S.
Highway 13. These were sized to accommodate the normal transient fishermen, crop buyers, and
salesmen, with no room for an influx of NACA personnel. In addition, the local people were reluctant
to take in boarders or roomers. To make it even more difficult, no public transporation was available;
this meant that the NACA would have to provide a large number of automobiles or station wagons.
Hooker summed it up thus: “a survey of the eating and housing accommodations available, distances
involved, and types of transportation available make it appear advisable to provide a minimum of
sleeping and eating accommodations for NACA personnel involved in launching operations in the
Chincoteague area. Failure to provide these facilities will result in considerable loss of time and
inefficient operation” (ref. 42).

A plan proposed by Langley to NACA Headquarters on June 29, 1945, was adopted. The NACA
Exchange, which operated the cafeteria at Langley, would establish a branch at Wallops Island and
would employ a cook and provide food and lodging services on a cost basis. The lodging quarters were
set up at first in tents, and then in Quonset huts. One of these huts is shown in figure 41. Figure 42 is a
photograph of the interior of the hut, showing the sleeping cots. The cooking and eating facilities are
shown in figures 43 and 44. The group shown in figure 45 in front of the Quonset hut consists of
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personnel from Langley on hand for a flight operation. From left to right, standing in the back row, are
Stack, Abbott, Reid, Gilruth, and Hooker, representing management. The name “Club 75” was given
the hotel because a bed or any meal cost 75 cents each. To begin the service, G. S. Brown was placed in
charge of the Exchange Branch. In submitting the plan to Washington, H. J. E. Reid stated: “For
operations requlrmg personnel to remain on Wallops Island for several days in succession, the practice
of sending in box lunches is considered to be unsatisfactory.”

By the end of August 1945, a third Quonset hut was needed for sleeping. Personnel using the
facilities complained of (1) crowded sleeping conditions, (2) inadequate washing facilities, (3) poorly
prepared food, (4) high cost of food, and (5) high cost of lodging. Little improvement was made until
the permanent facilities were completed late in 1946.

A good water supply was a necessity. The early system of water barrels and hauled-in water was
replaced as soon as possible by shallow wells with a pitcher pump. Representatives of the Layne-Atlantic
Corporation were of the opinion that the shallow wells would soon become contaminated by salt water,
and that a deep well driven to 1,400 feet would be required to get fresh water in quantity. Such a well
was estimated to cost between $50,000 and $75,000. Because of this high estimated cost, Langley con-
sidered installing a salt water distillation system. The shallow wells, however, held up until July 1946,
when, as a part of the permanent construction, a trial deep well struck a good supply of fresh water at
147 feet. This well is still providing good water for the island.

Power was supplied by a 15-kw diesel-powered generator located in one of the temporary sheds. As
the operations at Wallops expanded, an additional 15-kw generator and two 30-kw generators were
added. Attempts to get a powerline installed to connect with the Eastern Shore Public Service Company
were frustrated by the compay’s inability to supply the required amount of power without extensive
expansion of its equipment at a cost estimated at $100,000. Wallops generated its own power until the
Public Service Company enlarged its facilities at its own expense; arrangements were finally made and
Wallops began using power from this source on December 15, 1948.

For-the men from Langley who were sent to Wallops on travel, living conditions in 1945 were
practically the same as “camping out.” From their $6 per diem travel allowance, they had to pay for use
of the cots that served as beds, and for their food, which sometimes was not very good. In connection
with the per diem rate, Elton W. Miller, Chief of Langley’s Administrative Department, felt that
“because of the hardships and difficulties of getting accommodations, the per diem should be made as
generous as could be lawfully, so $6.00 per diem is recommended.” (ref. 43).

Aside from the desolation, primitive living conditions, and isolation from civilization, the men
could have enjoyed their trips to Wallops Island if it had not been for the insects. As pointed out by Ray
Hooker in his request of July 20, 1945, for aerial spraying with DDT, “it has been noted in the course of
our operations there that insects, particularly mosquitoes, sand flies, and horse flies, are prevalent in
enormous quantities. These insects are so numerous as to cause great loss of working time. The nuisance
is so great that it is difficult to obtain personnel and we have already had resignations as a result of this
condition.”

It was believed that the herd of 200 wild ponies on the island would not be harmed by the DDT
spray. An Associated Press story, dated August 20, 1945, expressed concern that DDT was harmful to
birds, fish, oysters, and beneficial insects. “If used in excess,” the account said, “it will be like scalping to
cure dandruff.”

The summer of 1945 was over before approval for spraying was obtained. The following spring,
the effort was resumed with success. A jeep was equipped with a nozzle for local spraying, and the Navy
started aerial spraying with DDT. The wild ponies were moved to Assateague Island, but the flies
remained behind. The insects were reduced in number, but they remained a problem despite the

spraying.

RELATIONS WITH THE NAVY AT
CHINCOTEAGUE

During the year and a half of operations with temporary facilities at Wallops Island, relations with the
Navy at Chincoteague NAAS continued to be cordial and helpful. The Naval Aviation Ordnance Test
Station (NAOTS) was established on the air station and BuOrd and BuAer used the station jointly. The
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commanding officer was Captain W. V. R. Vieweg, from BuOrd. The Navy took no action regarding
acquisition of Wallops Island until late in this period, so there was no interference.

An attempt to have a BuAer project number assigned to Chincoteague to cover its support of
NACA activities at Wallops was- unsuccessful, although BuAer had issued a project number to the
Patuxent NAS earlier for similar assistance. On May 13, 1946, Rear Admiral H. B. Sallada, BuAer,
wrote Dr. Hunsaker, “NACA can call on the Bureau for anything available to us in the way of helpful
service.” And on August 16, 1946, Rear Admiral L. C. Stevens, Chief of BuAer, authorized the
commanding officer at NAAS Chincoteague to continue giving the NACA services at Wallops as before.
He left the subject of a project number up to thé commanding officer. Captain Vieweg did not think a
number was necessary, but did ask the NACA for its specific needs.

Langley took this opportunity to put on record the various services required of NAAS: (1) forty
3.25-inch rockets per month, (2) twelve 5-inch HVAR rockets immediately, (3) emergency repair parts
for equipment, (4) special transportation, and (5) use of NAAS special facilities. It was pointed out that
assistance in the storage of rocket motors or the services of ordnarice men in firing rockets would not be
required in the future (ref. 44).

Although the establishment of NAOTS at Chincoteague caused no interference with the NACA,
NAOTS had trouble with local citizens over the plan to launch any kind of missile or to fire guns from
the mainland base out over Wallops Island and the ocean. Captain Vieweg telephoned G. S. Brown and
asked him to help calm the citizens of Chincoteague. The citizens had sent a group to Washington to see
Senator Harry F. Byrd on May 31, 1946, to try to stop this part of the NAOTS project. As noted in
Brown’s diary, he attended a town hall meeting on June .3, 1946. It seemed from articles in the local
paper that the citizens were aroused by a letter to the editor from C. C. Bye, President of Wallops Island
Association, who objected to the Navy’s taking Wallops Island away from them. Employees of the NACA
cooperated with the Navy by trying to assure the people of Chincoteague that they would not be in
danger from NAOTS, but, in fact, would benefit from the expansion.

In a letter to Congressman S. Otis Bland, in which Vice Admiral G. F. Hussey discussed the whole
situation, it is interesting to note that Admiral Hussey stated, “all employees can use Wallops for
recreation when not in use for tests.” Members of NACA management did not have the same opinion;
they objected to any unofficial use of Wallops Island.'®

Although the actions of the Wallops Island Association did not prevent the Navy from condemning
and taking over the northern part of Wallops Island by lease in 1946, the opposition did force NAOTS
to move their firing point from a spot adjacent to NAAS to Wallops Island proper, to eliminate any
threat to the town of Chincoteague.

Pending the condemnation of the Wallops Island area for NAOTS, Captain Vieweg asked per-
mission of H. J. E. Reid, Langley, for use of a 100-yard strip of land on the area leased by the NACA, to
test a “rocket loading machine for use in aircraft.” Reid gave his permission and sent Ray Hooker to see
Vieweg to discuss arrangements in detail. At this visit, Hooker learned that NAOTS still planned
extensive construction on Wallops Island, such as a 3-mile-long railroad for carrying a glide-bomb
target, and a 16-inch gun for launching guided missiles (ref. 45). This was the beginning of a period of
potential interference between the NACA and NAOTS.

16. Allletters regarding this incident were published in the July 26, 1946, edition of Tke Eastern Shore News, Onancock, Virginia.
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CHAPTER 4

FIRST YEAR WITH PERMANENT
FACILITIES: 1947

The completion of the first permanent facilities on Wallops Island was impatiently awaited by all

personnel. As soon as each unit was completed, it was immediately occupied. The construction
took so long, however, that before it was completed the need for additional facilities was evident.

The funds for the first construction, appropriated while World War II was in full swing, had been
obtained without difficulty. When the war ended in August 1945, Congress eliminated all requests for
new construction from the 1946 appropriation, and no funds were requested by the NACA for Wallops
construction in the 1947 budget. As a result, many of the temporary facilities continued to be used even
after the permanent structures were completed.

DESCRIPTION OF PERMANENT FACILITIES

On August 14, 1945, the day the Japanese surrendered, bids were opened at Langley for the
construction of permanent facilities on Wallops Island. A group composed of S. L. Butler, Procure-
ment Officer, J. C. Messick, Contracting Officer for new construction, and E. H. Chamberlin of NACA
Headquarters were on hand at the bid opening, which went ahead as scheduled even though the
Government had declared a holiday to celebrate the surrender.! Doyle and Russell of Norfolk, Virginia,
were the low bidders and were awarded a contract shortly thereafter. This contract covered most of the
items under Project 371-B, -C, and -D, discussed earlier.

A summary listing of the original breakdown of funds from the 1945 First Deficiency Appropria-
tion, as compared with the actual expenditures, is given in table 11. It will be noted that the original plan
for buildings was followed rather closely, with cost overruns being financed from funds planned for the
purchase of missiles as well as from the contingency fund. By the end of 1947, it was concluded that
construction costs on Wallops Island were approximately 45 percent higher than those at Langley
because of the island’s isolation and transportation difficulties.

Of the $4,100,000 appropriated for Langley, $884,627 was expended on the 4-foot Supersonic
Tunnel (Project 363); $1,361,996 was expended at Langley Field for the PARD laboratory and
supporting shops; $1,850,006 was expended at Wallops; and $3,371 was unexpended and returned to
the Treasury. The funds mentioned covered equipment for the facilities, as well as construction.

The expenditures at Langley for PARD (Project 371 A) covered extension of the Model Shop and
construction of a Missile Construction Shop, modified to include the Pilotless Aircraft Research Lab-
oratory as an extension to the new shop building. This was the only appreciable change in the original
plans at Langley.

L The author’s interview with S. L. Butler, Langley Procurement Officer, April 28, 1966.
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TABLE II. DISPOSITION OF 1945 FIRST DEFICIENCY APPROPRIATION

Nu.mber on - Project Item May. 1945 Fz'na‘l

Figure 46 Number Estimate Expenditure
371 Aucxiliary Flight Research Station 3,060,000 3,212,002
A. Langley Field Station 1,087,300 1,361,996
1, Model Shop Extension (151,000) (152,581)
Missile Construction Shop (485,000) (781,033)
Equipment (451,300) (428,382)
B. Receiving Station (105,000} (22,318)
C. Launching Site 892,200 1,622,484
1. Launching Ramp (15,000) (39,008)

5 2. Launching Platform (10,000) (§))]
15 3. Final Assembly Building (232,500) (195,267)
19 4. Office and Radio Building (28,000) (61,018)
18 5, Living Quarters (44,000) (97,050)
16 6. Oil Tanks (20,000) (29,104)
2 7. Powder and Chemical Storage (25,000) (11,742)

8 8. Loading Room (7,500) (1)
4 9. Bombproof Shelter (9,000) (3,550)
1, 7,11 10. Site Purchase or Lease (20,000) (401)
14, 20 11. Utilities (338,800) (653,397)
13 12. Preflight Blower (142,400) (400,505)
9 — Observation Tower 0 (30,000)
12 — Quonset Hut (Fire Station) 0 (5,500)
6,10, 17 — Temporary Facilities 0 (51,999)
— Equipment 0 (43,948)

D. Observation Stations (9,000) (1)
E. Airplanes 0 0

F. Ground Transportation (6,750} 2)
G. Water Transportation 0 0
H. Missiles (601,200) 0
L Instrumentation (358,470) (205,204)
363 Supersonic Tunnel (Langley) 630,000 884,627
414 Contingency Fund 410,000 3,371
Total 4,100,000 4,100,000

Notes: (1) Part of temporary facilities.

(2) Motor vehicles purchased from separate appropriation,

The breakdown of the costs of the different facilities at Wallops, as given in table II, was based on
requests sent to NACA Headquarters by Langley, for reallocation of funds, and upon estimates made
by Langley engineering personnel. Inasmuch as the Doyle and Russell contract covered practically all
the permanent facilities in a lump sum, it was difficult to obtain an accurate breakdown. Most of the
facilities were completed and in use by the end of 1946.

Experience at Wallops had shown that under severe storm conditions the ocean came ashore in
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unprotected areas. Pending construction of a seawall, concern was felt over the possibility of storm
damage to the new buildings under construction on the island. For this reason an insurance policy was
taken out with Lloyds of London by the contractor to cover up to $300,000 in damages for the duration
of the construction period; the cost was $15,000.?

Construction at the Mainland Dock is listed in table II under Project 371 B, Receiving Station. In
addition to the dock which has been described previously, a 40-foot by 40-foot Quonset hut was erected
to serve as a garage and receiving station. A wooden building 31 feet by 17 feet was also constructed to
serve as a dock office and waiting room. In addition, a greasing rack, fuel tanks, and a fence were
constructed.

The Island Dock, which also has been described earlier, consisted of an LCM ramp and berths for
personnel boats. A small wooden shack to serve as an office for boat crews was also constructed.

A concrete road was constructed from the Island Dock to the main area on Wallops. This road, as
well as all other concrete facilities on the island, was constructed of a mixture of beach sand, cement,
and water—a sharp departure from normal practice but one that was successful. The road consisted of
a single lane from the dock to the launch area, and two lanes on to the Utility Building (hotel). Just
south of the Utility Building, a curved turnout section was poured at the location of the proposed
causeway. It remained a constant reminder until the causeway was finally constructed by NASA.

The main area at Wallops is shown in figure 46. This is a view looking northeastward up the beach
on June 2, 1947. The road from the Island Dock enters the picture in the lower left corner. The
occupied area is that owned by the Government. The numbers identifying the facilities on this figure
are also listed beside the corresponding project item in table I1. The facilities are discussed in the order
given in the table. The names given on the figure were those approved by NACA Headquarters.

The Launching Ramp is first on the list (table II) under the Launching Site and it stands out
prominently in figure 46. This wooden structure with steel rails was 400 feet long and had a slope of
4 degrees. It was based on the original German V-1 launching ramp and was intended to be used in the
launching of such subsonic missiles as Tiamat and Gorgon. Because of the success of zero-length
launchers for such missiles, the ramp was never used, and was later dismantled.

The Launching Platform was the original concrete slab constructed as part of the temporary
facilities contract. It is shown in figure 46 with the Split-House (in a closed position) mounted on it. A
circular concrete driveway was constructed from the road to the launching slab, encircling the Observa-
tion Shelter and returning to the road. In later years, additional concrete was added around this slab to
make a larger launching area.

The Final Assembly Building or shop was the largest building constructed at this time. With
dimensions of 104 feet by 158 feet, it served as a combination woodshop, sheetmetal shop, machine
shop, stockroom, and vehicle maintenance shop. In addition, an area was set aside for missile assembly
including, at times, live rocket-motor installation. An air-conditioned storage room for the TPS-5 radar
was also provided in this building.

The Office and Radio Building or Administrative Building was constructed of cinder blocks and was
32 feet by 122 feet. It was the island headquarters and contained offices for department heads, staff
personnel and purchase records, and miscellaneous files. The photo laboratory and communications
center were also located in this building.

The Living Quarters, or Utility Building, as it was officially named, was a cinder block building 50
feet by 118 feet, on a concrete slab. It contained a kitchen, cafeteria, lounge, dispensary, two rooms for
guard’s quarters, and seven rooms for transients. Most of the rooms for transients contained four bunk
beds, two to a stack, altogether providing sleeping space for 26 men. This building was a’ great
improvement over the Quonset huts and served as a hotel until some time after NASA was established.
Three meals a day were served; lunch had the largest patronage because all island and contractor
personnel were served, as well as transients. The sleeping accommodations were adequate for all but
the larger operations. Travel to Wallops was limited to the spaces available, although in special cases
transients found space at the motels on the mainland and commuted along with the permanent Wallops
employees.

2. Interview with J. C. Messick, Langley Assistant Chief of Engineering and Technical Services, November 23, 1965.



jue[d Sunerouan P uonelg 1y aunssaig-ySiyH £

welg Sunesy 0z wun) 189, WBgsag ¢l (Arezodw) sSuipping uoneluswnnsu] g

Surpying uonensurwpy 61 uonelg a1 31 (ssnoy-ids yam) qejs Surgpuney g
Supping A 81 19MO], 19EM  [1 1NPYS UONEAISO
sSuippng Arerodway 4] suipping Arexodway, durey Surgpouney ¢
28e101g [onyg pmbry g (19M0 ], [01UOD) ISMOJ, UONBAIISAD 6 a8e10g o0 PIOS  Z
doyg Ajquuassy eurq g Sutppng Surpeo reuy] g leM ®385 [

:suoneoo] 10 sSurpiing Summoyioy ayy Aynuspr siaquinN “£F61 ‘g dun[ ‘puels] sdo[ep ‘uonelg yoreassy YAy SSONONd 9 FUNOIA




First Year With Permanent Facilities: 1947 77

The Oil Tanks, officially called Liquid Fuel Storage, contained storage and servicing facilities for
fuel oil and gasoline.

Powder and Chemical Storage was renamed Solid Fuel Storage when plans for using liquid-rocket
motors were abandoned. The Solid Fuel Storage consisted of steel igloos. At first, some small igloos
obtained from the Navy were erected as a part of the temporary construction and were covered with
sand. The igloos shown in figure 46 were larger and were erected as a part of the permanent
construction.

The Loading Room, renamed Final Loading Building, was erected near the Launching Site and
was used for installation of igniters in the rocket motors, and for other work on loaded missiles. This
building was too small to handle all its duties, so part of the Final Assembly Shop was used for similar
purposes.

The Bombproof Shelter, called Observation Shelter in figure 46, was a small concrete building
10 feet by 20 feet, with narrow observation ports. It was the operations center for all launchings. While
some improvement over the temporary sandbagged shelter, it was quickly found to be too small and
was one of the first permanent buildings to be replaced. The original shelter was converted into an
electrical junction room when a much larger control center was added to it.

The item of Utilities in table II covers the largest expenditure at Wallops: the seawall, roads, docks,
power, and heat.

The seawall was erected along the ocean front, following the Wallops Grid north and south line
which made it run nearly along a northeast-southwest line. It was made of interlocked sheet-steel piling
18 feet long, driven approximately 12 feet into the ground. So little of the piling was exposed that
Hooker became worried and asked Messick to consider raising the piling a foot or so. In his response of
January 1946, Messick replied that the original plan was a sound one that placed the top of the piling 9
feet above mean sea level. A concrete cap could be added later if desired.

In April 1946, NACA Headquarters asked the Army Engineers to study the adequacy of the seawall
and to make recommendations. The job was turned over to the Engineers’ Shore Protection Board,
which made its recommendations on May 17, 1946.% The study showed that the shoreline had receded
500 feet since 1851, and protection was needed to prevent further erosion. The Board recommended
that the NACA continue with its plan. The seawall, as planned, would protect the shoreline from
erosion but would not keep water off the area under extreme storm conditions. Groins would be
required eventually to protect the seawall; and it was recommended that their construction take place
when the high water line came within 50 feet of the seawall. Eventually, through wind action, the
seawall was completely covered by a high wall of sand and grass, so little damage was ever sustained by
the wall itself, even in bad storms. Groins were required, as predicted, by 1958.

A High-Pressure Air Station was constructed near the Final Loading Building to provide storage
. area for the high-pressure air bottles used to load the air tanks in the missiles having air servosystems.
The Water Tower, shown in figure 46, was supplied with water from the 147-foot-deep well discussed
earlier. Water was piped to most of the buildings in this area. The Generating Plant shown in figure 46
was also called a Standby Powerplant. It was a large 40-foot by 80-foot Quonset hut containing diesel-
powered generators for normal use and, in addition, two 800-kw generators to provide power for the
Preflight Jet until connection was made with the Eastern Shore Public Service Company in 1948. These
large generators were obtained from military surplus and were designed for submarine use. They were
high-speed diesels and more maintenance was expected than would be normal for stationary engines. It
was expected that, with two systems, at least one would be available at all times.

The Heating Plant was a 27-foot by 70-foot cinder block building, which contained a boiler room,
an air compressor room for service air, and a battery-charging room. Heat to the buildings in the shop
and living areas was supplied by this boiler through overhead steam lines hung from poles. The
buildings at other locations had individual heating systems. ‘

The general appearance of the island, as indicated in figure 46, was a great improvement over the
appearance in 1945. The area between the seawall and the road and around the buildings had been

3. Letter from Colonel W. J. Ely, Corps of Engineers, to J. C. Messick, May 17, 1946, enclosing shore protection plan for
Auxiliary Flight Test Station, Wallops Island.
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cleared of underbrush and sand dunes and then graded. In addition, the entire area was covered with
sod taken from the marsh area to the west. This was necessary to hold the land and to reduce the
amount of sand blowing through the air. The sodding and grading work was done under a separate
contract with general operating funds. Despite this effort, however, the combination of sand and salt
spray from the ocean presented an almost endless problem in the maintenance of exposed metal parts.
The solution finally reached was to cover all exposed steelwork with an asphalt compound similar to the
“Fendex” used to undercoat automobiles.

Construction of the Preflight Blower—also called Preflight Test Unit and, later, Preflight Jet—was
begun at the same time as the other permanent facilities, but its many unique features delayed
completion until 1948. It will be described later and is mentioned here because initial funding came
from the 1945 appropriation. The main housing and concrete work was made a part of the Doyle and
Russell contract. The air-storage sphere and heater, as well as the jet itself, were obtained by contract
with the Pittsburgh-Des Moines Company.

The Observation Tower was not a part of the original plan but was made a part of the permanent
facilities contract. It was 15 feet square and 36 feet high from the floor level. Its main use was for
surveillance of the launch and sea areas for safety purposes. An interior view of the tower is shown in
figure 47. In addition to the binoculars used for sea search, a radar was installed to cover the 25-mile sea
range in use at that time. The tower also contained the island telephone system and was equipped with
an outside air temperature station. The status of impending launchings and the countdown were
broadcast over the launch area from the tower.

The Quonset hut listed in table II was one obtained from the Navy and assembled by Doyle and
Russell. In 1947, it was used as a fire station. One of the Quouset huts used for living quarters was
moved behind the Final Assembly Shop and used as a temporary paint shop; the second hut was moved
to the launch area to house instrumentation.

FIGURE 47. Wallops Observation (Control) Tower, July 30, 1948. First Aid and Safety Officer W. C. Carey looks for ship in
rocket impact area.



First Year With Permanent Facilities: 1947 79

The Observations Stations listed in table II were all temporary. The Instrumentation listed in
table II, Project 371-1, was the special instrumentation purchased for Wallops in addition to that
received at no charge from the military services.

In September 1945, Langley made plans to construct a landing strip 3,500 feet long on Wallops
between the launching area and the dock. Funds were to be diverted from parts of Project 371. The
savings in time that had been realized with the small amphibian, compared with the longer route by
land plane and boat via Chincoteague Air Station, made the construction of a landing strip on the island
very attractive. The use of the larger land planes would make it possible to carry out a flight operation
at Wallops in a single day, with people from Langley. The plan, however, was not approved. In later
years, the project was proposed several times without success. The eventual construction of a causeway
in 1959 eliminated the need for a landing strip on the island itself.

TRANSPORTATION BETWEEN NACA
LANGLEY AND CAPE CHARLES

Transportation between Langley and Wallops was a continual source of frustration. Travel by C-47
airplane from Langley to Chincoteague NAAS and thence to Wallops by truck and boat required
2 hours and could be made only in good weather. Many times plans had to be canceled because of bad
weather. The amphibian was faster; but was very limited in payload and was affected by weather. Trips
by the Pennsylvania Railroad boat from Fort Monroe to Cape Charles and thence by truck and boat to
Wallops required 4 hours and the Cape Charles boat ran only twice a day. The Norfolk Little Creek
ferry to Cape Charles ran every 2 hours, but its total travel time was from 6 to 8 hours.

It was proposed to obtain a boat to carry personnel and freight from Langley Field to Cape
Charles. With such a boat, the overall time to Wallops would be 3 hours, trips could be made in all but
the roughest weather, and the schedule would be governed solely by Langley needs. Another factor to
be considered was that explosives could not be carried on the ferry but had to be flown to Chincoteague
or taken by truck around the northern end of Chesapeake Bay, a distance of 462 miles each way.
In March 1947, attempts were made to obtain a boat either from the Navy or from the Army. As a
result, a 104-foot aircraft rescue boat was obtained on loan from the Navy Bureau of Ships on July 11,
1947. On that date, the boat was turned over to a crew from Langley, overhaul having been completed
by the Norfolk Navy Yard. The boat is shown in figure 48.

FIGURE 48. Navy 104-foot aircraft rescue boat used by Langley for transportation between Langley Field and Cape Charles,
Virginia, from July 1947 to August 1955.
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Docking privileges were obtained from the Army Air Forces at Langley Field for use of the Langley
dock, and from the Army Harbor Defense Command at Ft. Story, Virginia, for use of their dock at
Cape Charles. The dock at Cape Charles was built on Jand owned by the Pennsylvania Railroad, and
- eventually ownership of the dock was transferred to the railroad. Dock space, however, was still made

available to the NACA for the Langley/Cape Charles boat.

A permanent crew was assigned from the Langley Maintenance Division, and dispatching was
handled by the Operations Section of PARD. The boat was used continually until the need was
practically eliminated in 1955 by increased use of airplanes and longer range planning of rocket flight
missions. The boat was returned to the Navy on August 15, 1955.

With the boat, it was possible to leave Langley at the beginning of regular working hours, go to
Wallops for a flight operation, and return to Langley in late afternoon of the same day. Although the
-boat could be used in weather too bad for the C-47 airplane, there were times when the boat had to turn
~ back because of rough water in Chesapeake Bay. At other times, it was a rough experience that many .
PARD people wanted to avoid. On clear days, however, it was a delightful experience to cross the bay at

20 knots. The foamy wake astern was a beautiful sight.

PROCUREMENT OF HIGH-PERFORMANCE
ROCKET MOTORS

The type of program and the maximum speeds attained in the rocket-propelled model flight tests at
Wallops were strongly influenced by the rocket motors available. A continual search was under way for
motors with greater efficiency and higher performance. Although every attempt was made to adapt
standard military rockets to the needs of PARD, there were times when the NACA contracted for the
development of special motors.

The success of the RM-2 drag model programs using the high-thrust, short-burning, 3.25-inch
motor led to examination of a larger motor of the same type, for use as a booster. The 5-inch HVAR
(High-Velocity Aircraft Rocket), developed by the California Institute of Technology under NDRC
sponsorship, provided an average thrust of 5,570 pounds for 0.88 second and weighed 79 pounds. This
rocket had the same efficiency as the 3.25-inch motor, and, being larger, made a good booster to use
with it. It was available from the military in quantities and was used at Wallops for many years. The
HVAR was also used by Cal Tech personnel in preliminary firings connected with development of the
Army Ordnance’s “Private” missile. The HVAR was nicknamed “Holy Moses” and was the one most
used in combat by U.S. armed forces in World War II.

The Applied Physics Laboratory established by the Navy’s BuOrd at Johns Hopkins University,
also was interested in this rocket motor in connection with preliminary flight experiments, and was
instrumental in having Cal Tech improve the performance by reducing the thickness of the motor case
to save weight. This change reduced total weight to 63 pounds, increasing the propellant-mass fraction -
from 0.30 to 0.40. The motor was called the “White Whizzer” by the Navy, butat the NACA was known as
HVAR, lightweight. Twenty of these rockets were received in April 1946 for preliminary trials. In a
later order, the NACA offered to pay BuOrd for a supply of the motors, but 150 rockets were trans-
ferred at no charge, on the basis that the Navy expected to benefit from the research results of any tests
conducted with them.* The lightweight HVAR replaced the standard HVAR as a booster rocket.

The survey made by K. F. Rubert in 1944 revealed the availability of Aerojet jato units of 1,000-
pound thrust. In June 1946, such rockets seemed to have application in flutter research and other
programs. Consequently, 25 of the model jato 12AS51000 motors were requested from Navy BuAer.
These were 9.6 inches in diameter, and 35 inches in length, and weighed 202 pounds. The propellant-
mass fraction was a favorable value of 0.50, but the stubby shape and low thrust offset this feature for
use as a supersonic booster. A number of jato 14AS1000 motors also were requested for use as boosters
in an air-launched ramjet program under the direction of the NACA Lewis Laboratory, Cleveland,
Ohio.

Very early in the program, a need was seen for booster rocket motors to accelerate the Langley-
proposed ground-launched ramjet missile and supersonic airplane models to supersonic speeds.

4. Letter from the Chief, BuOrd, to the NACA on December 5, 1946, regarding lightweight 5-inch HVAR rockets.
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Contacts were made with both the Army Air Forces and the Navy regarding the requirements, which
greatly exceeded the capabilities of available motors. As a continuation of the effort to obtain a usable
motor, a specification for a motor having 7,000 pounds of thrust for 8 seconds, a maximum diameter of
10 inches, and a maximum gross weight of 900 pounds was sent to the Army Air Forces in March 1946.
Such a motor was not available, but Aerojet was given a contract by Army Ordnance to develop a motor
to meet these specifications. The motor was designated jato 7KS-6000, T27.

A prototype of the T27 motor was received at Langley in April 1948 and was flight tested as a
separate unit on November 18, 1948. (See figure 49.) The motor performed well in the flight test
(ref. 1), but was not put into production because its stubby shape had been outmoded by the Deacon
rocket motor, which was developed in a parallel program.

FIGURE 49. Technician Phil Mears adjusts Aerojet T27 jato rocket motor for flight test at Wallops, November 18, 1948.

An attempt was made to convert the Tiamat booster into an “All-Purpose Booster” for airplane
models. As mentioned earlier, this booster used the Monsanto ACL-1 rocket motor. A new fin arrange-
ment was used, as shown in figure 50, in conjunction with an airplane model of a general research type.
The system was launched in the summer of 1947 but was unsuccessful because of structural failure of
the booster fins.

In August 1945, Langley first learned about the possibility of obtaining a solid-rocket motor of
small diameter and high performance, when Dr. J. B. Rosser of the NDRC solid-rocket section visited
Langley. He mentioned a Vicar rocket which could attain a Mach number between 2 and 2.5. As a
followup on this, O’Sullivan called Dr. Rosser in December 1945 and talked with him and Dr. F. T.
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FIGURE 50. Development test of all-purpose booster, March 25, 1947.
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McClure about high-performance rockets. The Vicar rocket was a development of the Allegany Bal-
listics Laboratory (ABL), whose Director of Research was Dr. R. E. Gibson. This rocket had been
carried only as far as preliminary trials with heavy-walled cases. Unfortunately, on V-] day all develop-
ment work on NDRC rockets was automatically stopped.

NACA Headquarters had learned of Dr. Gibson’s activities in February 1945, when he visited the
headquarters to discuss aerodynamic problems of rockets at transonic and supersonic speeds. At that
time, Dr. Gibson stated that rockets could be developed for special applications. In recording the
discussions during this visit, R. E. Littell of NACA Headquarters stated, “The writer feels that it may be
to the Committee’s advantage to utilize the facilities of the Allegany Ballistics Laboratory in view of the
large amount of application of rockets that appears to be coming into the Committee’s research
program at Langley Field” (ref. 2).

Dr. McClure told O’Sullivan that “the Allegany Ballistics Laboratory was undoubtedly the only
laboratory in existence in the United States which was able to both design and construct small quantities
of rockets to the specifications set by the NACA.” He stated, however, that any further contact with
ABL should be made through the Navy BuOrd inasmuch as operation of the laboratory was being
transferred from NDRC to BuOrd.

Following the contact with Dr. McClure, O’Sullivan began a relentless campaign to get a rocket of
the Vicar type developed by ABL. He was convinced that the design was a real breakthrough in
solid-rocket motor development, and such a motor was sorely needed for Wallops operations.

In October 1946, O’Sullivan visited Dr. L. G. Bonner, Director of ABL, and learned firsthand
about the Vicar series of motors. The first design shown him was quite similar to what eventually
became the Deacon motor. It had a 6.25-inch diameter and a 110-inch length, weighed 150 pounds
with 98 pounds of propellant, and produced 8,000 pounds of thrust for 2.5 seconds. The motor had.a
computed capability of achieving a vacuum velocity in excess of 4,000 feet per second with a 50-pound
payload (ref. 3).

After many conferences with BuOrd officials, an arrangement was eventually worked out whereby
development of this 6.25-inch rocket was completed and the NACA was supplied with 100 units.
Inasmuch as ABL was a research laboratory, BuOrd was reluctant to assign them a production project,
yet they were the only people capable of producing the rockets at that time. Under the agreement, the
NACA provided all the metal parts, BuOrd supplied the extruded propellant grain, and ABL did the
assembly, including the protection of the aluminum case from the hot rocket gases. These motors cost
the NACA approximately $600 each and were the first the NACA had to pay for.

The rocket achieved its "high propellant-mass fraction of 0.67 through the use of an internal
burning grain design that allowed the use of a lightweight aluminum case. Under NACA guidance, a
2024-T6 aluminum alloy case was developed for the motor (ref. 4). To obtain a constant burning area
inside the motor, the cross section of the internal cavity was constructed to resemble an eight-pointed
star with blunt tips. The aluminum case was protected from the propellant by an insulating shield and
special end gaskets.

The 6.25-inch rocket of the Vicar family was named the Deacon by the NACA. BuOrd requested
the NACA to conduct flight trials of the motor at different initial motor temperatures and with
payloads of varying weight. In addition, they requested flight tests of a 9-inch motor of a different
design. The NACA issued RA 1463 on May 19, 1947, to cover the requested test program. Ten
Deacons and eight of the 9-inch motors were flown at Wallops Island between April and August, 1947.
The flight tests were an unqualified success and showed the Deacon to be an outstanding rocket motor.
The highest velocity achieved was 4,180 feet per second, with a 41-pound payload added to the motor
in the nose cone, and with tail fins (ref. 5).

The Deacon became the major rocket used in Wallops launchings, and was used singly and in
clusters of two, three, and four rockets. An additional supply of 200 Deacons was ordered in January
1948. In April 1947, during the flight-test program on the Deacon, it was learned that the motor was
under consideration for possible use as a primary rocket for the MX-800 guided missile, and in a
meteorological project involving altitudes up to 90,000 feet. Later, the extruded propellant grains were

replaced by a cast grain that had a longer shelf life but approximately 10 percent less performance
(ref. 4).
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RANGE SAFETY

In January 1947, a new system to promote range safety at Wallops was put into effect (ref. 6). Firing
and range officers were appointed and given responsibility for certain specific activities connected with
rocket firing. Harry C. Shoaf and William Craig were the first such officers appointed. Their activities
in the assignment were supervised by Julian Stainback of PARD at Langley, in his position as Special
Range Officer.

The Firing Officer was responsible for the safe handling and storage of all rocket motors at
Wallops Island. His position entailed personal responsibility for installing motors in the missiles and
making electrical connections to firing leads. He was empowered to stop or delay any launching when,
in his opinion, an unsafe condition existed.

The Range Officer was responsible for maintaining safe working conditions within the launch area,
raising the “Baker” warning flag, and clearing the area before firing. This duty included scanning the
horizon with ﬁeldglasses for ships. He was empowered to order any person to a place of safety.

In a continuation of range safety improvement, a special safety committee was appointed in August
1947 by Elton W. Miller, Chairman, Langley Executive Safety Committee. The committee consisted of
William N. Gardner of PARD and Paul F. Fuhrmeister of IRD. Many of their recommendations were
adopted, among them the following: (1) fence off a restricted area and prohibit smoking, (2) provide
protection shields for radar operators, (3) give one man the responsibility for correlation of all groups
involved in a firing, (4) enlarge the launching slab, and (5) provide a second launching area.

FLUTTER PROGRAM

The lack of a method for calculating wing flutter characteristics in the transonic range and the lack of
wind tunnel facilities in this range made free-flight testing imperative. Langley instituted a freely falling
body flutter program and a program with rocket-propelled models. The programs were designed to
study flutter phenomena directly in order to supplement flutter data obtained inadvertently in other
flight projects. The tests were closely watched by the Army Air Forces and the Navy BuAer for whom
the results would be of direct benefit.® ® Testing was conducted under the direction of the Physical
Research Division (PRD) at Langley, which had cognizance over the general subject of flutter. In the
actual tests, the PRD research engineers were assisted by personnel from the Flight Research Division
(FRD) or PARD, depending upon the particular program.

The initial flutter program with freely falling bodies followed the same technique that had been
developed for drag measurements. In most of the flutter tests, the wings were designed to flutter in the
speed range obtainable; the general practice was to compare the flutter speed in flight with that
calculated by two-dimensional incompressible theory. The aim of the program was to establish
empirical correction factors in order to extend the theory to finite wings of various sweep angles, and to
transonic speeds.

In the case of a particular full-scale alrplane or missile wing, the expected full-scale behavior could
be obtained by testing a scaled model whose structural characteristics conformed to recognized scaling
laws. In such cases, the margin of safety from flutter could be ascertained.

The first flutter test with a freely falling body was made in the summer of 1946. Four rectangular
wing panels of different aspect ratios without sweep were mounted on a cylindrical body with ogival
nose and rear sections. The body had four stabilizing fins. The use of wings with different aspect ratios
allowed the determination of aspect ratio effects with a single test. Two of the wings failed at speeds up
to 20 percent greater than the calculated speed. The other two wings failed at 90 percent of the
calculated speed, but there was some question about the actual cause of failure (ref. 7).

A second series of flutter tests of wings on freely falling bodies involved six separate wings
mounted on three different bodies. A four-channel telemeter was. used to transmit longitudinal

5. NACA letter, written by J. W. Crowley to Chief, Navy BuAer, on May 27, 1946, regarding a coordinated research program
for flutter.

6. Letter from AMC Engineering Liaison Officer to Commanding General, AMC, on June 20, 1946, regarding vibration and
flutter testing by means of rocket-propelled models. '
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acceleration and, for the first time, strain gauge readings of bending and torsional stresses on the wings.
Four of the wings duplicated the earlier questionable test, and the other two wings had 45-degree
sweepback. The tests all gave flutter speeds up to 20 percent higher than two-dimensional theory.
Sweepback had no effect in this test (ref. 8).

These meager results in a previously unexplored area of wing flutter were encouraging to airplane
and missile designers in that existing theory was conservative, but apprehension remained about
possible unfavorable effects in the transonic and supersonic region. Flutter failure so far had occurred
below Mach 1.

Exploration at higher speeds was planned with two phases of a rocket model program dealing with
flutter. The first phase was called FR-1 and was based on the assumption that low acceleration was
essential for accurate flutter speed measurement. The rocket motor used was the Aerojet 12AS51000,
and the highest longitudinal acceleration reached was 3.5 g. The use of this motor required construction
of a complete fuselage and vertical tail assembly, as well as the flutter wings, and limited the speed to
Mach 1.

The second phase of the rocket flutter program, FR-2, was designed around the use of a standard
5-inch HVAR motor, to which the wings and tail assembly were attached directly. This model provided
a much simpler system that could probe into the supersonic speed region, but a longitudinal
acceleration of 52 g had to be accepted.

The first FR-1 flutter model is shown in figure 51, along with its propulsion motor, which was
mounted internally before flight. The first test was made in March 1947. Because of the low thrust of
the rocket, a break link held the model until the thrust reached 800 pounds. The acceleration at takeoff
was only 2.5 g and gradually increased to 3.5 g in 5 seconds. A break wire routed through each of the test
wings was made a part of a circuit of a simple radio transmitter (spinsonde) in the nose of the model.
Failure of either wing stopped the transmission.

In the first flight with the FR-1 model, the wings were sweptback 45 degrees, had an aspect ratio of
3.7, and were made of spruce. They were calculated to flutter at 550 feet per second. One wing broke
off at a speed of 967 feet per second, 76 percent greater than calculated. This test indicated a more
favorable effect of sweepback than did the freely falling body test (ref. 9).

FIGURE 51. First low-acceleration rocket-propelled flutter model, FR—1, March 5, 1947.
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FIGURE 52. First high-velocity rocket-propelled flutter model,
FR—-2, April 23, 1947.

Figure 52 shows the first FR-2 flutter model mounted on its rail launcher. This model was launched
in May 1947. The same break-wire system and spinsonde were used to indicate wing failure speed. The
failure speed was 675 miles per hour for this straight wing of aspect ratio 6.8, compared with a calcu-
lated speed of 528 miles per hour for an infinite wing. The figures yielded a correction factor of 1.28 for
this aspect ratio and speed. The result was in general agreement with the results obtained in the freely
falling body program for straight wings, indicating that high longitudinal acceleration had little
influence on flutter speed. This conclusion opened the way for continued use of the FR-2 technique at
higher speeds (ref. 10).

AERODYNAMIC CONTROL PROGRAM

The difficulties reported earlier for the RM-1 missile regarding reversal of aileron control effectiveness
at transonic speeds pointed up the need for an extensive aerodynamic control program in flight. The
lack of transonic wind tunnels and the development of a simple technique using rocket-propelled
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models led to an extensive flight program. The program was first called “RM-5"; later, the name was
changed to “E5.” The number of such models flown at Wallops was large, reaching 135 for the year
1948.

The technique that made possible such a large number of launchings depended on use of a
spinsonde to measure rolling velocity produced by any type of control device, and correlated with
forward velocity obtained from the Doppler radar.

In the initial program, the only propulsion was provided by a 3.25-inch rocket motor mounted
internally within the 5-in-diameter test body. The body was a standardized ogive-cylinder made of balsa
except in the region where the wings were attached. In that section, spruce was used. The wings were
usually made of spruce with metal stiffening plates glued to the outer surface. Initially, three equally
spaced wing panels were used and were located near the rear of the fuselage for stability. Speeds up to
Mach 1.4 could be obtained with this single-stage system.

The first launchings to test the spinsonde units began in May 1946. Launchings of complete models
with controls began 2 months later, in July. In these early tests, the RM-2 launcher was used. The
controls being tested were normally built into the wings in a deflected state, usually 5 degrees.

By April 1947, a second 3.25-inch rocket motor was added to the RM-5 as a booster. With this
booster, the Mach number attainable was increased to 1.7. Boosted models were launched from an
adjustable rail launcher as shown in figure 53. A simple cylindrical plug on the front end of the booster
engaged a cylindrical socket in the rear of the model to transmit the booster thrust and to oppose any
bending tendency.

The spinsonde, with which the rolling velocity was measured, is a radio transmitter that emits a
polarized signal. When received on the ground, the transmission yields a fluctuating signal that reaches
a maximum twice during each revolution. To increase the accuracy of the measurement, the receiving
antenna is rotated at a known speed that increases the frequency of the fluctuating signal. The signal as
received gives a measure of the relative angular positions of the model and the antenna; it is of
sufficient accuracy that. rolling velocity can be obtained by differentiation (ref. 11). For greater

accuracy, the rolling effectiveness was evaluated only during coasting flight. The total drag of the
model also was obtained as a bonus. ’

FIGURE 53. Two-stage rocket-propelled control effectiveness model, RM~—5, mounted on adjustable rail launcher, April 28,
1947.
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The spinsonde was developed by the Applied Physics Laboratory for measurement of spin rate of
shells and other naval ordnance. Because of the extreme acceleration and shock experienced by the
shells at firing, the components were “potted” or cast in plastic as a complete unit except for the
batteries. The plastic case provided the “window” necessary for radio transmission. The NACA
obtained the first supply of spinsondes from the Navy at no charge, but later had the units constructed
on contract. They were “off-the-shelf” items which could be installed directly in the RM-5 models at
Wallops, and required no calibration.

The RM-5 program did not yield a direct indication of rolling moments produced by controls. The
rolling velocity, as measured, was the steady-state value which was reached when the rolling moment
due to control deflection was balanced by the damping-in-roll of the wings. Thus, changes in either
factor could influence the final result. In most cases, however, it was this steady-state value which was of
interest.

The first three reports in the program were released in 1947 (refs. 12, 13, and 14). Figure 54 gives
a typical set of data showing the abrupt loss of control effectiveness at transonic speeds, and the bene-
fcial effect of sweepback in restoring this effectiveness. The roll rate is given in terms of the helix angle
generated by the wing tip, '-g—v—, where p is rolling velocity, b is wing span, and V is forward velocity.
In either case, however, the etfectiveness of these flap-type controls at supersonic speeds was found to
be only one-fourth the value at high subsonic speeds.
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FIGURE 54. Graph showing effect of sweepback and Mach
0 number on rate of roll for 5-degree aileron deflection on wing
6 7 8 9 10 11 12 13 14 with aspect ratio of 3.0 (NACA 65—009 section perpendicular
Mach Number to leading edge).

REPUBLIC XF—91 AIRPLANE

The first model of a complete airplane to be tested at Wallops was that of the Republic XF-91. In a letter
dated January 16, 1947, the Army Air Forces requested that the tests be conducted; and on February 7,
1947, the NACA issued RA 1450 to cover the program. The purpose of the tests was to determine
transonic drag and stability characteristics.

The XF-91 was the Army Air Forces’ first rocket-propelled airplane. As such, it had two unusual
features: the wings had inverse taper, and a “vee” tail was used. The first phase of the program was
conducted with 1/9-scale simple wood models propelled by 3.25-inch rocket motors mounted inter-
nally. The tests began in April 1947. One of the models is shown in figure 55. The RM-2 technique
was used, supplemented by a two-channel telemeter arranged to measure normal and transverse
accelerations. ‘

The models in these flight tests achieved a Mach number of only 1.07, but good measurements of
drag and stability were obtained, as reported by S. R. Alexander (ref. 15). The tests allowed the Army to
evaluate the possible performance of the airplane, and indicated that it would be stable over the speed
range tested, although a small abrupt change in longitudinal trim was noted near Mach 1.

CONTINUATION OF THE DRAG PROGRAM

The RM-2 rocket drag program was conducted on a continuing basis, with the models being
constructed almost on a production line. There were many structural failures as the researchers
attemped to fly a wide range of wing and body shapes into the unknown transonic range. As solutions
were found to the difficulties, and repeat firings were made, a pattern of design data began to emerge,
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FIGURE 55. Republic XF—91 airplane: 1/9-scale rocket-propelled model, photographed on April 28, 1947.

which was very welcome in the supersonic missile and aircraft community. During 1947, six reports on
new findings were released, as indicated by references 16 through 21.

Measurements of wing drag were extended to an aspect ratio of 5.0 for 45-degree sweepback. The
effects of aspect ratio for this amount of sweepback was found to be small. In contrast, for a straight
wing, the drag was found to increase as the aspect ratio was increased. The overall results were in
general agreement with the results from the freely falling body program at a given Mach number.
Results were obained on the effects of wing thickness ratios as low as 3 percent. The researchers
departed from the earlier practice of expressing thickness in a plane at right angles to the leading edge
of the wing and began comparing wings of the same streamwise thickness. This practice resulted in a
smaller reduction in drag attributed to sweepback.

The RM-2 program concentrated principally on wing drag while mantaming a standard fuselage
shape consisting of a cylinder with a short ogival nose. Early in 1947, a separate flight program on the
drag of supersonic bodies was initiated. This program is referred to as F6 in Appendices C and E; but
in the beginning the program had two phases—the RM-6 project and the so-called 65-inch RM-10
project. They are discussed together here because the drag results were reported in a single document
(ref. 22).

The RM-6 was a brief program that used a parabolic body of revolution having a basic fineness
ratio of 10. With the rear portion of the body cut off to make room for the rocket motor nozzle, the
fineness ratio was reduced to 7.87. Three stablizing fins of 10-percent circular arc section were
sweptback 60 degrees. These models were flown to Mach 1.2 from an RM-2 type of launcher, and were
propelled by a 3.25-inch rocket motor.

The RM-10 missile was similar to the RM-6 except that it started with a body of fineness ratio of 15,
which was reduced to 12 when the rear portion was removed. It had four sweptback stabilizing fins of
longer span than those of the RM-6 model. The RM-10 was a standardized supersonic missile shape
with enough internal space to accommodate the Deacon rocket motor. A long series of drag and heat
transfer flight tests was made with the full-size RM-10. In addition, most of the supersonic facilities in
the United States tested scaled models of the RM-10 to calibrate their equipment against the full-scale
results. The complete RM-10 rocket program will be discussed in Chapter 8.



FIGURE 56. Single-stage 65-inch RM—10 model, shown on
launcher February 11, 1947.

Pending initiation of the full-scale RM-10 program, a few 65-inch models were flown with only
three fins, and the total drag was measured. One of the models was flown to 1,650 feet per second with
only a 3.25-inch sustainer rocket motor from an RM-2 type of launcher, as shown in figure 56. Another
model was flown to 3,050 feet per second by means of a new launch system consisting of a 3.25-inch
sustainer motor and a 5-inch lightweight HVAR used as a booster. This model was flown on April 24,
1947, and achieved the highest speed of any research model flown to this time.

The lightweight HVAR booster was attached to the model with a new type of coupling, in which
the rear of the model’s body was pushed into a three-finger socket in the nose of the booster. The
external fingers prevented bending, without any locking mechanism. At the cessation of thrust, the
booster separated from the model as the result of its drag and the action of the sustainer rocket motor’s
thrust.

These early drag measurements of a body in flight at supersonic speeds over Mach 2 were fairly
close to the values calculated, and gave aerodynamicists added confidence in supersonic theory.

The freely falling body program was continued through this period, and three reports were
released relating to drag and airplane performance (refs. 23, 24, and 25).
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An important finding at this time was that the interference drag of a sweptback wing located with

its center section behind the maximum diameter of a supersonic body was much less than that of a wing
whose center section was located ahead of the maximum diameter. The explanation for this favorable
effect of an aft location was not understood at this time but it was explained later by the Whitcomb
“Area Rule.” In NACA RM L7101, the authors stated, “The nature of these interference effects is not
known at present, but possibly the presence of the sweptback wing in the aft location delays separation
of the flow about the body.”
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CHAPTER 5

YEAR OF REORGANIZATION: 1948

CHANGES IN MANAGEMENT

During 1947 and 1948, changes in personnel and management affected the operation of the entire
NACA, including Wallops. John W. Crowley, Jr., who as Chief of Research and, for a time, Acting
Engineer-in-Charge at Langley, had participated directly in the establishment of Wallops Flight Center,

was transferred to NACA Headquarters to assist the ailing Director of Aeronautical Research, Dr.

George W. Lewis. Crowley was assigned on temporary duty at NACA Headquarters in March 1945
and, from the fall of 1945, served as Acting Director in Dr. Lewis’ frequent absences. On July 18, 1947,

Crowley was transferred permanently to Headquarters and was appointed Associate Director of
Aeronautical Research, a position he held until NASA was established.

On September 1, 1947, ill health caused Dr. Lewis to resign as Director of Aeronautical Research, a
position he had held since 1919. After his resignation, he served the NACA as a special consultant until
his death on July 12, 1948. The NACA Flight Propulsion Research Laboratory in Cleveland, Ohio, was
renamed the Lewis Flight Propulsion Laboratory in his memory.

Another death saddened the hearts of the aeronautical community during 1948. January 30, 1948,
marked the passing of Dr. Orville Wright, who, with his brother Wilbur, had flown the world’s first
airplane at Kitty Hawk, North Carolina, on December 17, 1903. Dr. Wright had served continuously as
a member of the NACA since 1920.

The NACA appointed Dr. Hugh L. Dryden to succeed Dr. Lewis as Director of Aeronautical
Research, effective September 2, 1947 (ref. 1). Dryden came to the NACA from the Bureau of
Standards where, during the war, he was responsible for guided missile development. Through his
services on NACA committees—he was chairman of both the Special Committee on Self-Propelled
Guided Missiles and the Subcommittee on High-Speed Aerodynamics—he was thoroughly familiar with
NACA activity, and continued the policies of the NACA in the manner of his predecessor.

By the end of 1947, the NACA Special Committee on Self-Propelled Guided Missiles had reached
the conclusion that it was no longer needed in the NACA committee complex. Whereas, at the
formation of this committee, its scope of activities was expected to be broad and to encompass all phases
of guided missile research, including guidance and automatic control research as well as aerodynamics,
structures, and propulsion, the committee could not get much support from the NACA laboratories in
these new fields. In particular, Langley did not feel competent in the field of guidance and preferred to
leave this field to others such as the MIT Instrumentation Laboratory, Bell Telephone Laboratories,
General Electric, and RCA. Without attacking the total missile problem, the NACA research was
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reduced to consideration of the individual disciplines, and the committee felt that the permanent
NACA committees in these disciplines could adequately oversee the research. Consequently, at its
meeting on November 20, 1947, the committee recommended that it be discharged, and the NACA
Executive Committee, at its meeting on November 24, 1947, complied with these wishes.

Meanwhile, changes in management were taking place at Langley. During Crowley’s absence from
Langley, Floyd L. Thompson had been serving as Acting Chief of the Research Department, with
Ira H. Abbott as his assistant. Thompson was appointed Chief of the Department on July 18, 1947.
Later that year, Hartley A. Soulé joined Abbott as an assistant to Thompson. On October 7, 1947, the
word “department” was removed from Langley organizational units. The head of the Langley
Laboratory, Henry J. E. Reid, was now designated Director of the laboratory instead of Engineer-in-
Charge; and on May 26, 1948, the word “Memorial” was removed from the name “Langley Memorial
Aeronautical Laboratory.” The abbreviation then became LAL instead of LMAL. Ernest Johnson
continued as Chief of Administrative and Technical Services.

In February 1948, Abbott was transferred from Langley to NACA Headquarters as an assistant to
Crowley, and John Stack succeeded Abbott as an assistant to Thompson. Gilruth reported directly to
Thompson in connection with PARD activities.

On August 13, 1948, Soulé was given an additional assignment when NACA Headquarters named
him Research Airplane Projects Leader. In this capacity, he was responsible to the NACA Associate
Director for the entire NACA research airplane program, including supervision of the NACA
High-Speed Research Station at Muroc Air Base, California. He had been in charge of the Langley
aspects of this program from its beginning, including the NACA group at Muroc. As Research Airplane
Projects Leader, Soulé was directly interested in projects at PARD relative to research airplanes, and
was responsible for i mcorporatmg PARD findings into the new research airplanes. The breaching of the
sonic barrier by a man-carrying airplane, the Bell XS-1, on October 17, 1947, was acclaimed throughout
the aeronautical world. But the finding with this thick-wing airplane that there was a loss of roll control
at transonic speeds was rather anticlimactic for PARD personnel, who by that time were deeply involved
in finding solutions to the problem.

At PARD, even more extensive changes in organization were made. When Ray W. Hooker was
asked to assist Gilruth in building up the Wallops test base in 1945, he was told by Ernest Johnson that
he could leave this research unit whenever he wished. By early 1948, Hooker felt he had accomplished
his original objective, and asked to be returned to the Engineering Services Division. The permanent
facilities at Wallops had been completed, and operational procedures had been developed. No new
construction projects at Wallops had been approved, and Hooker’s hopes for a causeway and an airstrip
seemed far from being fulfilled. On January 26, 1948, Hooker was transferred back to the Engineering
Services Division as Assistant Chief, with continuing responsibility for new construction at Wallops.

Hooker was replaced as Assistant Chief of PARD by Edmond C. Buckley, who was relieved of his
position as Chief of the Instrument Research Division on January 26, 1948. Morton J. Stoller was
appointed Acting Chief of the IRD. The great dependence of the rocket-model technique upon
instrumentation led Langley management to turn to Buckley as the logical man to take Hooker’s place
as Gilruth’s assistant at this time. Buckley had had responsibility for Wallops instrumentation from the
beginning, along with his other duties. Under the new organization, he could devote full time to this
responsibility. There was need for an expansion of instrumentation capabilities and for a better
approach to operational procedures.

Buckley had joined the Langley staff in June 1930 as a Junior Mechanical Engineer, after receiving
his bachelor’s degree from Rensselaer Polytechnic Institute in 1927 and working for 3 years for power
and light companies. His first assignment was with the Langley Powerplants Division, where he
demonstrated a high degree of competence in high-speed photography of internal combustion
processes. A few years later, he was asked to organize an effective photo laboratory for the benefit of all
Langley research personnel. Then he was given the job of organizing an instrument research
laboratory, which he headed until the time of his transfer to PARD.

The operations at Wallops had, from the beginning, depended upon Langley personnel’s traveling
to Wallops for each rocket launching. This was true of electronic as well as rocket personnel. Buckley’s
first act as to rearrange and expand the Wallops organization toward self-sufficiency.
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At the end of 1947, the only professional in the operations crew was Robert L. Hallett, who had
taken over the maintenance and operation of the Doppler radars, and had made them a reliable
scientific tool. Of the 65 men stationed at Wallops in 1947, only a half dozen were qualified to assist
directly in a launching. The Superintendent, Clarence O. Green, was involved principally with
maintenance and operation of the equipment connected with the island. The PARD engineers were left
more or less to themselves to provide their own direct support.

When Green left the island assignment on September 1, 1947, his assistant, Harry Shoaf, took over
the job as Acting Superintendent until November 26, 1947, when Junie A. Black was appointed
Superintendent and Assistant Head of the Operations Section, PARD. At this same time, David G.
Stone was appointed Head of the Stability and Control Section, PARD. Black attempted to operate the
island from Langley and from a travel status until January 14, 1948, when he moved to Wallops. Shoaf
was transferred back to Engineering Services Division at Langley on February 19, 1948. Black wasn't
happy with living conditions on the Eastern Shore, and he, too, returned to Langley on April 5, 1948.

Buckley’s approach to Wallops’ operation was to transfer to Administrative and Technical Service
personnel at Langley the responsibility for all administrative and technical service activities previously
performed by PARD personnel. All men engaged in purely administrative functions at Wallops were
transferred to a newly formed Wallops Island Administrative Unit with Joseph E. Robbins, Head,
reporting to the Langley Administrative Officer. Robbins was transferred to Wallops from Langley. In
making this assignment, according to W. K. Johnson, Administrative Officer, “Management was
returning a competent native to his homeland, with the crafty intent of achieving better public relations
on the Eastern Shore.” All personnel engaged in technical service activity at Wallops were transferred
to a newly formed Wallops Island Technical Service Unit with William E. Grant, Head, reporting to the
Chief of the Langley Mechanical Services Division. This reorganization was in line with the Langley
organization, but it had taken more than 2 years for PARD to see the wisdom of the arrangement. It
was too much for the Operations Section of PARD to be concerned with all the administrative and
technical service details as well as those connected directly with rocket launchings.

Robbins was transferred to Wallops on January 26, 1948, and Grant was transferred on April 19,
1948, but the official action establishing the two new units was not taken until June 15, 1948. Creation
of these two new units at Wallops was followed by reassignment of the personnel who before this time
had been on PARD rolls. Of the 65 people at Wallops, 10 were transferred to the Administrative Unit
and 47 to the Technical Service Unit, leaving 8 on PARD rolls.

From the time Buckley was asked to improve operations at Wallops, he knew that he had to build a
launch crew of both professional and technical personnel. In addition, he needed a man with
‘instrumentation background and demonstrated ability to organize outdoor projects. Such a man was
Robert L. Krieger, who had been involved with the radar-tracking phase of both the freely falling body
program and the Wallops Island missile program from the beginning, although during 1947 he had
had other assignments. In discussing the problems of Wallops operations, Buckley and Krieger reached
a mutual agreement that Krieger should take the job as head of the Wallops base even though it meant
moving to the Wallops area.

Krieger had worked at Langley as a messenger, a laboratory apprentice, and a photostat operator.
He worked for Buckley in the Photo Lab in 1939, during which time Buckley convinced him of the
value of obtaining an engineering degree. When Krieger returned for summer vacation following his
first year at college, he again worked for Buckley, this time in the new Instrument Research Laboratory.
Upon graduation from Georgia Institute of Technology with a B.S. degree in mechanical engineering,
Krieger was reemployed at IRL on February 16, 1943, as a professional engineer. He first worked on
instrumentation for the Impact Basin, but when radars came along he was assigned to them for various
flight programs. In addition to his work with the freely falling body and rocket programs, Krieger was
involved in measuring airplane speed in dives and with in-flight calibration of airspeed meters. He was
engaged in developing special photo-optical instrumentation when he was selected for the Wallops
assignment.!

1. Based on a conversation between the author and R. L. Krieger on September 21, 1966.
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On June 30, 1948, Krieger was officially appointed as head of Wallops. The position of Station
Superintendent was abolished and the position of Engineer-in-Charge of PARS at Wallops Island,
reporting directly to the Chief of PARD, was created. Krieger was appointed to serve in this capacity.

Creation of this new title was in line with a recommendation made by T. M. Butler, Langley
Personnel Officer, to the Langley Administrative Officer in March 1948. Butler visited the Chinco-
teague Naval Air Station to discuss personnel matters with officials there, including the possibility of
obtaining housing for Wallops families on the Naval Station. Butler commented; “If Krieger goes to
Wallops he should be introduced to the officials of the Air Station by someone from the NACA with
considerable authority . Mr. Krieger should be given a title that will impress the Navy officials as well
as the people in the surroundmg community.”

On March 19, 1948, Krieger was introduced to Captain W. V. R. Vieweg, Commandmg Officer of
Chincoteague NAAS and NAOTS, by Dr. H. J. E. Reid, Director of Langley, as Engineer-in-Charge of
the NACA Wallops Test Range. Whether this title impressed Captain Vieweg is not known, but it was
not sufficiently impressive to obtain quarters for Krieger and his family on the station, nor did it
forestall eventual conflict with NAOTS regarding operations on Wallops Island. Eventually, Krieger
did occupy quarters on the station—those of the Commanding Officer—but not until the station was
abandoned by the Navy and NASA took it over in 1959.

Under the new organization at Wallops, the PARD Operations Section, headed by Charles A.
Hulcher, was no longer concerned with personnel problems at Wallops but devoted full time to the
coordination of all activities at Langley leading to rocket operations at Wallops. This responsibility
included transportation of personnel and equipment, scheduling of flight operations, and long-range
planning for budget purposes. Although Krieger reported to Gilruth, operational planning and day-to-
day operations were still coordinated through Hulcher and his Operations Section.

Upon moving to Wallops, Krieger quickly expanded the flight operations group to include
professional personnel. By late 1948, this group maintained and operated all instrumentation at
Wallops, and assembled and loaded, as well as launched, all rocket vehicles. Research engineers from
PARD were now required at Wallops only to give general directions concerning their special needs on
particular flight projects. By the end of 1948, Krieger had the following professional men on his staff:
R. L. Hallett (Doppler radar), J. C. Palmer (electrical), J. J. Fenner (telemetry), I. Levy (SCR-584 radar),
and E. H. Helton (Preflight Jet).

With the accomplishment of his mission at PARD, Buckley asked to be transferred back to the IRD.
On November 1, 1948, he was relieved of his assignment at PARD and was reassigned as Chief of the
IRD. On the same date, Joseph A. Shortal was appointed to succeed Buckley as Assistant Chief of
PARD. Shortal had reported for duty at the NACA Langley Laboratory on June 26, 1929, after
receiving a B.S. degree in mechanical engineering from Texas A. & M. University. Until assignment at
PARD, he had been involved entirely with low-speed wind tunnel research except for a brief
assignment as Project Manager for the NACA Quiet Airplane Project in 1947. His experience had been
principally with stability and control of airplanes and missiles, and included development and operation
of the unique Free-Flight Wind Tunnel. At the time of transfer to PARD, he was Assistant Chief of the
Stability Research Division.

With the continued growth of PARD, the sections were changed to branches, and new sections
were organized during 1949. The organization was then as shown in the following outline:

R R. Gilruth, Chief
J- A. Shortal, Assistant Chief
W. J. O’Sullivan, Jr., Assistant to Chief

Operations Section C. A. Hulcher, Head

General Aerodynamics Branch P. E. Purser, Head
Aerodynamic Analysis Unit , W. A. Tucker, Head
Aircraft Configurations Section C. L. Gillis, Head

Aircraft Components Section P. E. Purser, Acting Head
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Propulsion Aerodynamics Branch P. R. Hill, Head
Preflight Jet Section R. Hill, Acting Head
Model Propulsion Section Hill, Acting Head
Performance Section Hill, Acting Head

P.
P.R.
P. R.

Stability and Control Branch D. G. Stone, Head
Automatic Control Dynamics Section R. A. Gardiner, Head
Aerodynamics Section D. G. Stone, Acting Head

R.

Wallops Island Branch L. Krieger,
(Pilotless Aircraft Research Station) Engineer-in-Charge

EXPANSION OF INSTRUMENTATION

The SCR-584 tracking radar continued to provide researchers with flight path data on test models. In
1945, this radar was located at Station 2 on the mainland as a compromise between tracking at launch,
tracking of subsonic missiles, such as the Tiamat, as they flew a constant-altitude course parallel to the
coast, and tracking of freely falling bodies dropped onto the target south of Wallops Island.

By the middle of 1946, Langley was unhappy with the use of Wallops as a test range for the freely
falling body program. The radar and telemeter receiver operators had to be sent from Langley on
travel status, and on each trip considerable time was spent getting the equipment back into operation. A
large percentage of the time, the drop was called off because of weather, airplane troubles, or
instrumentation difficulties in the test body. The resulting wasted effort prompted the decision to
return the body-drop program to the Langley area.

A second SCR-584 radar was obtained and, when modified as before, was located at Fox Hill near
Langley for a resumption of drop tests with Plum Tree Island as the target. In late 1947, a model of the
XS-1 airplane was dropped on Plum Tree, but the model performed an erratic maneuver and “buzzed”
a populated area before striking the ground. Fortunately no damage was done, but Langley
management decreed that all further drops would be made at Wallops.

The model drops at Wallops were not without incident. Although the drop airplanes were
equipped with modern bombsights, the bodies did not always fall within the special target area. On one
occasion, a body fell into the ocean just off shore from the launch area. After that time, the airplanes
were vectored into position and commanded to release the test body by controllers on the ground who
were following the flight path of the airplane on the radar plotboard. The impact point was selected a
safe distance off shore.

With the ending of constant speed flights of missiles down the coast and the shifting of the freely
falling body target area to an offshore position, it was no longer necessary to keep the SCR-584 tracking
radar at the mainland tracking station. Better tracking could be obtained for rocket firings from
locations nearer the launchsite. In 1947, the radar was moved to a position in the launching area. After
trials in several locations, it was finally moved to a location approximately 1,300 feet behind the
launching area, where it was given a permanent home. Power and telephone lines were run to the site in
1948, but not until December 1949 was a paved road built to the radar site.

The range of the SCR-584 radar, as used in a modified condition, was 38 miles for a one-square-
meter target. Some models were large enough to be equivalent to such a target. The power had been
increased from 250 to 410 watts and the diameter of the tracking dish had been increased from 6 to 8
feet.

In anticipation of an increased range of flight models, IRD queried the electronics industry in July
1947 regarding a possible pulse radar with a 60-mile range and an an accuracy of 0.2 mil. The inquiry
also asked for a Doppler radar with a range of 15 miles. The only favorable reply came from Reeves
Instrument Corporation, which stated that it was developing an improved version of the SCR-584 radar
that would have a range of 200 miles.

In May 1947, Paul F. Fuhrmeister of IRD was placed in charge of all radars at Langley. His
specialty previously had been the TPS-5 Doppler radar. By this time, Langley had four SCR-584 radars,
two TPS-5 Doppler radars, and one Sperry Model 10 Velocimeter Doppler radar.
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The Doppler radar was a genuine asset to PARD; it made possible the direct determination of
velocity, and allowed the measurement of drag for such simple models as the RM-2 and RM-5 types.
Doppler radars were used in every launching from Wallops. The first radar of this type, the AN/TPS-5,
was obtained from the Signal Corps in June 1945, just prior to the first Tiamet missile launchings at
Wallops. The radar had been developed during the war for use in sentry duty—in particular, to detect
movements across bridges. It came complete with a loudspeaker that “growled” at any movement.? This
first radar had a range of approximately 1 mile and a power of 10 watts. A second TPS-5 was purchased
from Sperry Corporation and received in 1946.

Drag determination with the TPS-5 radar did not start until the sustainer rocket ceased burning;
and frequently the test model was beyond radar range before it had slowed to subsonic speeds. As
higher speeds were obtained through use of larger booster rockets, the problem of obtaining data over
the complete range became more acute.

In cooperation with the Army’s Aberdeen Proving Ground, specifications for a more powerful
Doppler radar were prepared. A 150-watt radar which its manufacturer, Sperry Gyroscope Corpora-
tion, called the Model 10 Velocimeter, was purchased. This radar was mounted on a SCR-547 trailer,
which led Langley men to call it the TPS-547 radar for some time. The radar had a range of
approximately 5 miles and was the first of a series of this type used at Wallops for many years.

The Model 10 Velocimeter is shown in figure 57. One operator directed the dishes toward the
target in azimuth while the other controlled the elevation. (The fact that two operators with
independent gunsights and earphones could coordinate their efforts in this fashion surprised many
“experts.”) The Doppler radars were always located near the launcher and the operators usually served
in a dual capacity, acting also as rocket technicians. After thé Velocimeter was placed in operation, the
TPS-5 radars were no longer used.

An automatic firing sequencer or programmer was developed in 1947. The programmer, shown in
figure 58, made it possible to start the various recording instruments and cameras at designated times
prior to launch, and to fire the rockets at a desired time. This was a step forward in launch technique.
The programmer was automatic after a nominal value of minus 30 seconds, yet it could be stopped by
an operator at will.

Standard weather balloons and radiosondes were acquired from the U.S. Weather Bureau for use
at Wallops as soon as the flight altitudes became high enough to warrant consideration of effects of
altitude on air density. Radiosonde balloons or special balloons equipped with radar reflectors were also
used to determine wind velocity. This equipment was improved as required to meet the needs of the
flight program. In later years, density-measuring devices were necessary for altitudes as high as 100,000
feet. A typical launching of a radiosonde balloon is shown in figure 59.

Communication equipment at Wallops (fig. 60) consisted of telephone circuits between all island
stations and both high- and low-frequency radio links. In May 1946, IRAC (Interdepartmental Radio
Advisory Committee) approved NACA use of radio frequencies 3040 and 3480 kc and 34.38 mc for
line-of-sight communication. In October 1946, temporary assignment of frequencies 77 and 80 mc also
was made for trial purposes. In 1949, permission was obtained to use ship-to-shore radio frequencies
(2638 and 2738 kc) to warn fishing boats of impending rocket launchings.

Allocation of two frequency bands for telemeter use was also obtained from IRAC in May 1946.
These bands were near 217 and 219 mc. The frequencies were to replace the 118-mc equipment in use
at the time. Use of the new frequencies began as soon as equipment was obtained, and provided the
standard NACA telemeter frequencies for many years to come.

From the beginning at Wallops Island, two separate telemeter receiving stations were used to
increase the chances of obtaining good data. Initially, one receiving station was located at the mainland
tracking station and the other in a trailer near the launching site. Later, both receivers were located at
the launchsite, in the Control Center, as shown in figure 61.

An improved telemeter receiving antenna, developed in 1948, provided a 12-decibel gain over the
original antenna. It was a turnstile antenna that was mounted on a searchlight mount and could be

2. Based on conversations between the author and Paul F. Fuhrmeister, July 27, 1966.
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FIGURE 57. Sperry Model 10 Velocimeter, Wallops Island Doppler radar, shown with trackers P. R. Mears and J. Quillen,
July 28, 1950.

pointed at a remote target by the SCR-584 equipment. This capability was made possible through
adaptations of the M-9 computer, which provided parallax corrections. The antenna is shown in fig-
ure 62. With it, the effective range was increased by a factor of 3. During this period, the number of
continuous telemeter channels was increased first to 6 and then to 8.

Discussions with the Eastern Shore Public Service Company carried on from the beginning of
Wallops Flight Center finally yielded results during 1948. The Public Service Company agreed to
supply 200 kw of electrical power in 1948 and 500 starting in January 1949, provided that the NACA
would construct the powerline.
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FIGURE 58. Wallops automatic programmer being monitored by F. H. Forbes, July 29, 1950. Doppler radar recorders are
behind Forbes.

FIGURE 59. Technicians P. R. Mears and W. A. Roberson
perform typical launching of a radiosonde balloon at Wallops
Island.




FIGURE 60. Engineer R. L. Hallett, Jr., listens over portable EE88 telephone as he adjusts spinsonde receiver during rocket test
flight at Wallops Island, July 28, 1950.



FIGURE 62. Turnstile telemeter receiving antenna on searchlight mount for automatic pointing, Wallops Island, photo-
graphed on July 30, 1948.
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After obtaining leases on land across the marsh between the mainland and Wallops, and securing
permission from the U.S. Army Engineers’ office for an aerial crossing of the intercoastal waterway, the
pole line was installed under a contract with Carpenter Construction Company of Norfolk, Virginia, for
$50,801. The Chesapeake and Potomac Telephone Co. installed five telephone circuits on the same
poles.

The location of the line, as shown earlier in figure 8, was the proposed location for a causeways; it
started near the island cafeteria and ran in a northwesterly direction to the mainland. Power was turned
on December 15, 1948.

DREDGING OF A BOAT CHANNEL

By April 1947, the channel used by boats between the mainland and island docks had filled with silt toa
level where, at some low tides, damage was sustained by propellers and rudders. Transportation
schedules had to be altered to suit the water conditions with resulting loss of time and delays in firing
operations. It was clear that extensive dredging was required.

G. S. Brown recommended that the route be redesigned by cutting across some marshes to allow
the use of Old Woman’s Bay (Oyster Bay). The new route would reduce travel time by one-third. The
proposed new channel is shown in figure 63 as Route 1; the existing channel, as Route 2. The estimated
cost for the new route was $42,000, compared with $23,000 for the old one. Brown recommended
dredging a channel 60 feet wide and 9 feet deep at low water.

Island

FIGURE 63. Proposed new boat channel from Mainland
Dock to Island Dock.

On July 23, 1947, Langley asked NACA Headquarters to request the Corps of Engineers to handle
all details connected with the dredging, at an estimated cost of $65,000 to be financed by funds that
would be transferred from the NACA to the War Department. The Corps of Engineers would not
provide this service because the work was considered a private convenience, and the NACA had to
handle the contract. Approximately a year later, the Steen Contracting Company was awarded a
dredging contract for Route 1, under Project 808, for $68,400. The channel was completed on June 8,
1949.

h With extremely high tides, the marsh surrounding the channel was under water, and for safety it
was necessary to install additional channel markers. In 1946, the NACA was successful in getting the
Coast Guard to install daybeacons with reflectors to mark the original channel (Route 2). On completion
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of the dredging project, the NACA asked the Coast Guard to install three markers in the new channel.
At this time, two LCM boats, two personnel boats, and two barges, converted to personnel carriers were
using the channel, as were contractors’ boats and other private crz{t. The Coast Guard first replied that
funds were not available, but it had no objection to the NACA'’s installing private markers. The NACA
attempted, without success, to get the Coast Guard to change its ruling. On the second request, the
Coast Guard ruled that inasmuch as the Corps of Engineers had refused to handle the dredging for the
NACA, the channel must be considered primarily a private channel and part of NACA facilities. The
Coast Guard agreed, however, to install the markers for the NACA at cost. The estimated cost for the
three daybeacons was $660, with a yearly maintenance expense of $50.

When the channel through Old Woman’s Bay was dredged, several private oyster grounds were
crossed, and damages had to be paid by the Government. Before dredging could be started, it had been
necessary to obtain permission from the holders of the private lands as well as from the Commonwealth
of Virginia for State-owned lands. Such permission carried a stipulation that any damages to oyster
grounds would be settled in accordance with a postsurvey by a State-appointed Oyster Inspector.

As a result of such a survey and other claims for damage from dumping of dredged material, the
following claims were paid by the NACA:

T. F. Mears $ 50
Elihu Matthews 200
Pierce B. Taylor 1,000
Young and Ardis 800
N. P. Collins 500
Sewell Chesser 200

The payment of all claims was completed on August 3, 1949.

CONFLICT WITH NAOTS, CHINCOTEAGUE

When the NACA selected Wallops Island for its test site, it was aware of the Navy’s intention to use the
northern end of the island for a test range. The NACA envisioned a cooperative relationship similar to
the one existing with the Army Air Forces at Langley Field. NACA relations with the Navy BuAer had
always been excellent, but relations with BuOrd at Wallops were to be a different story.

When the Naval Aviation Ordnance Test Station (NAOTS) was established at the NAAS,
Chincoteague, the command of the joint activity was given to an ordnance officer, Captain W. V. R.
Vieweg. Official cooperation was given by NAOTS because of high-level directives, but at the working
level, NAOTS personnel were continually submitting plans for expansion at Wallops, which, if
approved, would practically have forced the NACA off the island.

In the beginning, Chincoteague officials posed no objection to the NACA'’s use of the lower end of
Wallops, but they did point out that they were going to purchase the entire island and would allow the
NACA to continue using the lower end provided there was no interference. The NACA personnel
moved in with full knowledge of a potential interference problem; but they were so accustomed to
working on a cooperative basis that they did not consider the problem a serious one.

Before the Navy leased the remaining portion of Wallops north of the NACA lease line, in March
1947, their operations people were planning activities on NACA property. In fact, as was noted in
Chapter 3, Langley had agreed to a request from NAOTS in December 1946 for the use of a 100-yard
strip of NACA beach for testing a rocket-loading machine. In February 1947, Captain Vieweg obtained
an agreement from H. J. E. Reid, Engineer-in-Charge at Langley, for NAOTS to use the lower tip of
Wallops for some special inert bomb drops.? The same agreement gave Vieweg authority to issue passes
for naval and contractor personnel to enter NACA areas.

3. Letter from H. J. E. Reid, Langley, to Captain W. V. R. Vieweg, February 7, 1947, regarding use of southern tip of Wallops
Island as a bombing target.
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Hooker became concerned about this bombing activity within the NACA base, and was even more
apprehensive about future plans for Wallops as outlined by Vieweg during several of Hooker’s visits to
NAOTS and at a meeting in Norfolk, Virginia, held to discuss danger areas.

At the meeting, Vieweg stated that his station would reqire ranges for the following types of tests:

(1) Tests of ground-launched and air-launched guided missiles
(2) Firing tests of antiaircraft guns
(3) Fire control tests

(4) Ground and air tests of aircraft rockets

(5) Aerial bombing

It appeared to Hooker that any ground launching of missiles from Wallops by NAOTS would certainly
interfere with NACA activity. To protect the NACA’s interest, Hooker recommended that the area at
Wallops under lease be purchased as soon as possible. This recommendation was rejected by the
Bureau of the Budget because of the Navy plan to purchase the entire island.

NAOTS operations began very slowly at Wallops, and little interference actually existed for some
time. The Navy used its area more as a daily test range than as a base for operations requiring transient
personnel overnight. Subsonic air-to-surface guided missiles were air launched, and some bombs were
dropped. A gun-firing test range was constructed on the beach, and tracking radars, as well as a
Hastings Raydist system, were installed. For many operations, the NACA was asked to assist the Navy
by tracking with the NACA radar.

Through 1947, NAOTS operated with temporary facilities; but by March 1948 it was ready for the
construction of permanent quarters. In March, NAOTS submitted a detailed plan for the expenditure
of $1,500,000, which was under consideration by Congress.

In August 1948, the NACA was asked by NAOTS to confer about the need for offshore
observation stations for use in NAOTS tests of Kingfisher missiles. Gilruth and Krieger attended the
meeting on August 12, 1948, and raised the question of range interference. Vieweg expressed surprise
that the NACA foresaw an interference problem. Gilruth pointed out that research conducted by the
NACA at Wallops was the only source of large-scale transonic aerodynamic data in this country, and
that the aircraft industry had requested the NACA to increase the productivity of Wallops Island by a
factor of at least 3. Such an increase would mean 1,000 launchings per year. Gilruth stated that if
NAOTS constructed observation stations in front of Wallops and entered into an extensive test
program, there certainly would be interference. He stated, “If such is the case, a high-level decision is
clearly called for as to whether it is in the national interest for two test ranges to be located on Wallops
Island (ref. 2).

The possible interference problem was referred by NACA Headquarters to its dependable friend
and ally, Captain W. S. Diehl of BuAer, who in turn conferred with Admiral M. J. Schoeffel, Chief of
BuOrd. Commander O. C. McCracken, who represented BuOrd at the Kingfisher meeting, convinced
Admiral Schoeffel that there would be no interference. The NACA countered with continued
expressions of concern regarding serious interference problems. On November 12, 1948, BuOrd
arranged a conference to be held at NAOTS on November 18 to discuss the interference. Commander
McCracken was to represent BuOrd. Captain Vieweg invited H. J. E. Reid to send representatives to the
November 18 meeting at NAOTS. Instead, at Reid’s invitation, the BuOrd and NAOTS representatives
met at Langley with NACA representatives on December 6, 1948.

At the December 6 meeting, Gilruth fully discussed PARD facilities at Wallops Island, its missile
and airplane flight research program, and the range interference probability. Gilruth again pointed out
the need for even greater rocket-firing activity as recommended by a Joint Army-Navy-NACA-Industry
Committee in a resolution calling for an increase in the rocket test technique by a factor of at least 3.
Commander P. D. Buie, NAOTS, stated that even if there were no interference at the present time, but
study showed that interference might develop in a few years, “then it would be much wiser to move, at
this time, rather than later, one or the other range to another locality.”
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No conclusions were reached but three committees were appointed to study the interference
problem and to report back to the larger group in January 1949. The three committees were titled
according to their respective areas of study: (1) Facilities, (2) Electronics, and (3) Safety, Space, and
Scheduling.*

The special committees met and reported back to the original group at a second meeting held at
Langley on January 17, 1949. Captain G. K. Fraser, who had replaced Captain Vieweg as Commanding
Officer, NAOTS, also attended this meeting. The meeting produced general agreement that a serious
interference problem would attend the use of Wallops Island by both the NACA and NAOTS, and the
matter was referred to higher authority. Higher authority was represented by the RDB Guided Missiles
Committee, which sent the matter on to its Ad Hoc Subcommittee on Range Planning. In its report of
March 4, 1949, this subcommittee recognized that the NACA had a more extensive program at
Wallops, as well as a more extensive investment there, and recommended that the interest of the NACA
be given precedence over that of the Navy. Further study of electronic interference was recommended
(ref. 3). At this point, BuOrd withdrew its request for funds for an expansion of activities at Wallops,
and a mutually satisfactory agreement was reached.

On March 11, 1949, an agreement was signed by Captain S. E. Burroughs, USN, and Hugh L.
Dryden, NACA, which recognized the primary interest of the NACA in Wallops Island and effectively
ended the problem of interference.

The agreement (ref. 4) stated the following:

1. NACA agrees to cooperate fully with Navy in launching Kingfisher missiles in Wallops Island area
without objection unless interference to NACA becomes intolerable.

2. NACA agrees to permit the use of land now occupied by it on the south end of Wallops Island on a
temporary basis for Navy use during the Kingfisher experimental program for such observation and
tracking as is necessary.

.3. Navy agrees that Wallops Island will not be set up as a permanent Bureau of Ordnance guided-missile
range and its use for such purposes will terminate with the end of the Kingfisher experimental
project.

4. Navy agrees that NACA activities have a primary interest in the Wallops Island area. .

CONTINUATION OF ROCKET-MODEL
DRAG PROGRAM

The RM-2 rocket-model drag program continued through 1948 with the accumulation of basic
aerodynamic drag information on such items as external wing tanks, the pilot’s canopy, and the drag-
reducing effects of small cones or wedges mounted on a strut in front of a blunt-nosed missile-type
body (refs. 5, 6, and 7). Most of the RM-2 models were now propelled by the two-stage system first used
on the 65-inch RM-10 model described in Chapter 4. This was a 5-inch HVAR booster with a 3.25-inch
sustainer rocket motor. Mach numbers of 1.6 to 1.8 were obtained with the two-stage system.

One of the outstanding programs used to obtain aerodynamic drag characteristics of parabolic
bodies of revolution was a special series of RM-2 models launched during this period. All of the bodies
were 7.5 inches in diameter and were stabilized by identical three-fin systems. The bodies had their
maximum diameters located at points representing 20, 40, 60, and 80 percent of the length,
respectively, and had fineness ratios of 6.04, 8.91, and 12.50. The significant effect of fineness ratio and
location of maximum diameter is clearly shown in figure 64, which compares a body of fineness ratio
6.04 and maximum thickness at 20 percent, with a body of fineness ratio 12.50 and maximum thickness
at 60 percent. The comparative values of drag coefficients (based on cross-sectional area of the body)
are given in the following table for a series of parabolic bodies at a Mach number of 1.4. The drag
varied between the highest and lowest values by a factor of almost 3 (ref. 8). Such data as these were
influential in dictating fuselage shapes for supersonic airplanes and missiles.

4. Langley letter to the NACA on December 8, 1948, enclosing minutes of conference held December 6, 1948, between
NACA, BuOrd, and NAOTS personnel regarding interference problems.
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FIGURE 64. Graph showing effect of fuselage shape on drag
of E2 rocket models.

CONTINUATION OF FREELY FALLING
BODY PROGRAM

The freely falling body program to determine drag characteristics was also continued in 1948. In June
1948, the use of bombers for this program was discontinued and a North American XP-82 fighter plane
was substituted. This change became possible after launch control was shifted from a bombardier to the
radar controller on the ground. The airplane was generally similar to the P-82 used in the Lewis ramjet
free flight program at Wallops (see figure 65).

FIGURE 65. North American P—82 airplane used in Lewis ramjet program at Wallops. Photograph taken on March 31, 1948.

In an attempt to explain the large decrease in drag obtained earlier in the freely falling body
program when the fineness ratio of the basic body was increased from 6.0 to 12.0, two additional bodies
were dropped. One had its front half replaced by the front half of a body of fineness ratio 12.0, and the
other had its rear half replaced by the rear half of a body of fineness ratio 12.0. The effect was to create
two new bodies of finess ratio 9.0, but with the maximum diameter located in different fore and aft
positions. In fact, the effect was to approximate two of the bodies of the rocket-model program,
fineness ratio 8.91, maximum diameter located at 40 and 60 percent of the body’s length. The
difference between the two bodies’ drag was small, indicating that the entire body had to be lengthened
to achieve the large drag reduction (ref. 9).

In an earlier freely falling body test, locating the wing of a wmg-body combination aft of the
maximum diameter resulted in a remarkable reduction in drag over that obtained with the wing located
ahead of the maximum diameter (refs. 23, 24, and 25, Chapter 4). In an effort to obtain even lower
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drag, a second body was tested with a large wing-root fillet added ahead of the leading edge of the wing.
The hope was that “sweeping the line of maximum thickness progressively forward as the wing root was
approached might be an effective means for further reducing the drag. . . .” Adding this area ahead of
the wing, of course, violates the Whitcomb Area Rule referred to earlier and should increase the drag.
This is exactly what happened (ref. 10).

There was much to be learned in these days about the mysterious transonic region. To obtain a
better understanding of basic flows over a body in this region, one test was made wherein local
pressures were measured over the body in flight (ref. 11).

Additional wing-body combinations were tested with 35-degree sweepback of wings with 9-percent
and 12-percent thickness, for correlation with the earlier 45-degree sweptback wings. While these
results were of general interest to aerodynamicists, they were of little practical value because, by this
time, much thinner wings were being considered for both airplanes and missiles (ref. 12).

Stability and drag at an angle of attack were determined for the body of fineness ratio 12 in another
test by setting the tail surface for trim at 27-degree angle of attack (ref. 13).

CONTINUATION OF E5 AERODYNAMIC
CONTROL PROGRAM

During the period 1947—-1949, the RM-5 or E5 aerodynamic control program with simple rocket-
propelled models was being conducted at a remarkable rate. As shown in Appendix C, 386 such models
were launched at Wallops in this 3-year period. This high rate was justified by the fact that Wallops was
the only facility in the nation for obtaining rolling effectiveness information in the transonic range. By
early 1948, a booster rocket containing either a 3.25-inch or a 5-inch HVAR rocket motor had been
added to the system to extend the Mach number to 1.8 or 1.9.

Twelve reports released in 1948—1949 are discussed in this chapter. Improvement in technique to
yield more accurate data involved accurate measurements of aileron deflection and wing incidence and
correction to a nominal setting, and measurements of torsional rigidity to allow correcting the results to
rigid wing conditions. It was also found necessary to measure the profile of the wings to be sure just
what section was being tested. In one case, it was detected that the model finishers filled in the cusp near
the trailing edge with the mistaken belief that the wing had been constructed in error.

Models simulating the wings of the Douglas D-558-11, the Douglas X-3, and the Bell X-2 research
airplanes were among those tested early in this period. The results of the D-558-11 with its NACA 63012
wing section normal to the 0.3-chord line and 35-degree sweptback planform were not much different
from those of earlier tests of similar configurations. A reduction in control effectiveness was measured
over the speed range, with the sharpest drop occurring near Mach 0.95 (ref. 14).

The Douglas X-3 was the first to have the thin-wing supersonic airplane design. Its low-aspect-ratio
wing with its modified double-wedge section was only 4.6 percent thick. The wing tested in the RM-5
program was of higher aspect ratio than the final airplane, but the control results were indicative of
what could be expected. Although the wing tested was made of solid aluminum alloy, there was a large
reduction in control effectiveness at supersonic speeds because of aeroelastic effects. That is, the
deflected aileron caused the wing to twist and partially nullify the rolling effect. When this result was
translated into the full-scale airplane, the lower pressures associated with the high-altitude operation of
the airplane had to be taken into account. At transonic speeds, there was a reduction in effectiveness,
but without the sharp reversals previously encountered with thick wings (ref. 15).

The results with a model simulating the Bell X-2 airplane presented quite a different picture and
revealed a phenomenon whose discovery and detailed exploration were among the major contributions
of the RM-5 program.

This phenomenon was the complete reversal of aerodynamic rolling effectiveness at Mach 0.95
(ref. 16). The explanation lay in shock-induced separation of flow over the control surface, the severity
of which was related to the slope of the rear portion of the wing surface, as measured by the trailing-
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edge angle.® This wing, which was tapered and sweptback 42.7 degrees, had a circular-arc airfoil section
10 percent thick, normal to the quarter-chord line, and a trailing-edge angle of 21 degrees.

With the aid of preliminary tests by the “transonic-bump” technique in the Langley 7-foot by
10-foot tunnel, it was found that reducing the trailing-edge angle, either by thickening the trailing edge
or by extending the aileron rearward, would eliminate the reversal. The solution recommended for the
actual airplane was to thicken the trailing edge to one-half the maximum thickness of the aileron. This
amount of blunting of the control reduced the trailing-edge angle to approximately 8 degrees (ref. 17).

The flight results for the original aileron and this thickened trailing-edge aileron are given in
figure 66. With this modification, the rolling effectiveness approximated the military requirement for
piloted high-speed airplanes, shown in figure 67 for a typical case (ref. 18).
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FIGURE 67. Military rolling requirements for a high-speed
fighter.

Extensive investigation of this trailing-edge angle effect was made for a wide range of airfoil
sections and wing planforms. The results all showed the harmful effect of a large trailing-edge angle
(refs. 19, 20, and 21). This was but one of the phenomena that led airplane and missile designers to turn
to thin airfoil sections. Other reasons will be discussed later. ‘

The delta wing is a special case of a sweptback, low-aspect-ratio, tapered wing. Its extreme taper
gives it certain structural advantages and makes possible the use of thin airfoils. It was of interest for use
on either supersonic airplanes or missiles (e.g., the F-102 airplane and the Sparrow guided missile).

5. The trailing-edge angle is the included angle formed by the upper and lower surfaces of the wing at the trailing edge.
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A program of control research for such wings was included in the RM-5 series. Conventional
trailing-edge controls and all-moving tip controls were investigated. The tip control is aerodynamically
self-balancing, and in the flight tests was found to be twice as effective at supersonic speeds as a
trailing-edge control of the same area. Comparative results are shown in figure 68. The relative
effectiveness of the two types of controls reversed at subsonic speeds (ref. 22). The tip controls found
favor with missile designers while airplane designers, in general, favored the conventional trailing-edge

type.
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Other special types of controls investigated were spoilers and combinations of leading- and trailing-
edge devices. The combination of a leading-edge and a trailing-edge flap was quite effective over the
entire speed range on a highly tapered wing without sweep, but it was never used in practice, probably
because of the structural problems involved (ref. 23). The spoilers were able to produce a high rate of
roll at transonic speeds, but their effectiveness at supersonic speeds was low (refs. 24 and 25).

CONTINUATION OF FLUTTER PROGRAM

Because of concern on the part of Navy BuAer about the possibility of “aileron buzz” on the Douglas
D-558-11 research airplane, the NACA was asked to study the possibility of such behavior by wind tunnel
and rocket flight tests on a 1/4-scale model of the outer 55 percent of the wings complete with ailerons.
For the flight tests, the wing panels were mounted on a standard FR-1 flutter research body. In one test,
up to a Mach number of 1.03 no flutter occurred, but in a second test a nondestructive flexure-aileron
flutter was encountered between Mach 0.58 and 0.73, and aileron “buzz” was found at Mach numbers
above 0.96. The buzz occurred with a frequency of 85 to 108 cycles per second. Wind-tunnel tests
duplicated the lower speed flexure-aileron flutter, and more research was recommended (ref. 26).

The Navy also requested flight tests of 1/10-scale models of the D-558-11 wings having structural
characteristics scaled to represent the full-scale airplane. Wings were built with design flutter speeds
lower than, equal to, or higher than, those of the true scaled conditions. This was the first series of tests
made at Wallops to study the possibility of fluter for a particular full-scale airplane. The models were
similar to a scaled-down version of the FR-1 series and a 5-inch Cordite motor provided the propulsion.
This series of flutter models was designated FR-3. One of the models is shown in figure 69.
Two-channel telemeters were used in the tests. In the “low speed” model and “true speed” model, wing
frequencies were measured, whereas, in the “high speed” model, normal acceleration and angle of
attack were measured. A maximum Mach number of 1.54 was reached, and no flutter was encountered

(ref. 27).
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FIGURE 69. View of FR—3 flutter test vehicle with 1/10-scale
wings of Douglas D—558—11 research airplane. Photograph
taken in January 1948.

In a continuation of the general research program on wing flutter, additional FR-1 models were
flown. One was a repeat of the first FR-1 model (45-degree sweepback, aspect ratio 3.7), but this time
strain gauges were installed in'the wings to provide a measure of the wing frequency during any flutter
encountered. Flutter showed up a short time (Mach 0.66) before wing failure (Mach 0.70). The flutter
speed was again higher than the calculated two-dimensional flutter speed, this time by a factor of 1.35
(ref. 28). It was noted in the flight flutter tests that usually only one wing would fail; apparently the
loads on the remaining wing were relieved by the failure of the first wing.

In an attempt to obtain torsion as well as bending frequencies on the next FR-1 model, one wing
was instrumented and intentionally made weaker than the other so as to induce earlier flutter. This
wing was designed without sweep, and had an aspect ratio of 4.1, with an NACA 65009 section. Flutter
occurred at Mach 0.92, which was 26 percent higher than the figure calculated by two-dimensional
theory. The final FR-1 model in this series likewise had no sweep but had an aspect ratio of 7.0 and an
NACA 65006 section. This time, failure occurred at Mach 0.71 from a low-frequency. oscillation which
involved, instead of the normal bending-torsional motion of the wing, a bending of the wing coupled
with a pitching oscillation of the entire model, a most unexpected occurrence (ref. 29). A repeat test was
made in 1949 with a more extensively instrumented model, with similar results. One explanation of this
unusual behavior was that the damping-in-pitch was effectlvely reduced or eliminated by the coupled
wing motion (ref. 30).

An unswept flutter wing of aspect ratio 7.3 was mounted well forward on a standard ogive-cylinder
for tests as a freely falling body. Although this wing was geometrically similar to one previously tested
(ref. 8, Chapter 4), the fact that the body was dropped from a higher altitude exposed the wing to lower
forces at a given speed and delayed flutter until a Mach number of 1.17 was reached, a speed 1.86 times
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the calculated flutter speed. This result combined with other experimental flutter results led W. T.
Lauten and J. G. Barmby to conclude that Mach 0.9 was the critical speed for wing flutter. That is, a
wing moving at a constant altitude at a continuously increasing speed will be safe from flutter if it passes
Mach 0.9 without mishap (ref. 31). This conclusion appeared to be verified by PARD experience
with rocket launchings at Wallops in that most failures attributed to flutter seemed to occur just below
Mach 1.0.
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CHAPTER 6

YEAR OF PURCHASE OF THE ENTIRE
ISLAND: 1949

PURCHASE OF THE ISLAND

With the signing of the agreement of March 11, 1949, between the Navy and the NACA, which
recognized the NACA’s primary interest in Wallops Island, the road was open for acquisition of the
entire island by the NACA. Earlier requests by the NACA for authority to purchase the island had
always been turned down by the Bureau of the Budget. Now a request for such authority was added to
the 1950 appropriation bill under consideration by the Congress and was approved without delay.

The Wallops Island Association had paid $8,000 for a controlling interest in the island in 1889 and
had built a clubhouse. Their total investment was $15,000, subscribed by their 30 members. In 1946, an
appraiser appointed by the Navy placed a value of $10 per acre on solid land and $3 per acre on marsh-
land. The Navy offered $30,000 to the Association for the approximately 3,000 acres.

The 1950 NACA appropriation bill was approved with the understanding that not more than
$100,000 would be spent for the purchase of the island. The NACA considered $45,000 to be a fair
price, and deposited this amount with the United States District Court for the Eastern District of
Virginia on September 26, 1949. Legal proceedings then began. A Petition for Condemnation and a
Notice of Condemnation were filed with this court on October 13, 1949. The case was entitled: “United
States of America v. 3,000 acres of land, more or less, in Accomack County, Virginia, and Wallops
Island Club, Inc., et al.” The Order on Declaration of Taking was signed by Judge Albert V. Bryan on
November 7, 1949, on which date the Government legally took possession of the island. The Attorney
General officially notified the NACA of this action on December 5, 1949.!

The Court impaneled a jury on May 8, 1950, to try the case to determine just compensation. The
jury visited Wallops on May 10, 1950, and heard evidence in court on May 15, 1950. The Government
had the land appraised by three men who placed a valuation of $40,000 to $45,000 on the entire island.
The Wallops Island Club presented evidence which placed the valuation on the property between
$187,000 and $250,000. The jury agreed upon a value of $91,500 plus $1,758.71 interest, for a total of
$93,238.71, and this amount was paid the defendants. The sum was close to the publicized available
amount of $100,000.2

The NACA gave the Navy a use permit for the area of the island which it had been using, except
that the boundary of the original lease line of 75°28'15" west longitude was changed to 37°51'54" north
latitude. This gave the NACA a larger area of the island, but the Navy area still contained all of the

1. Letter from J. Howard McGrath, Attorney General, to Dr. Jerome C. Hunsaker, NACA Chairman, December 5, 1949.
2. Letter from A. C. Whitehead, Special Assistant to the U.S. Attorney, to the Attorney General, May 19, 1950, regarding Case
No. 78438, United States versus 3,000 Acres of Land in Accomack County, Virginia, and Wallops Island Club, Inc., et al.
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facilities in use by its activities. The permit carried a “revokable at will” clause which was disturbing but
acceptable to NAOTS. The permit also stipulated that any major construction by the Navy would
require prior approval of the NACA (ref. 1).

EXTENSION OF THE SEA RANGE

The first official range designated by the NACA for its rocket launchings was a 3-mile circle centered
just off the lower tip of the island. With the higher performance rocket motors and the use of
multistage systems, the higher speeds obtainable increased the range of some missiles to as much as ten
miles. Plans for the future envisioned that some firings might impact as far as 20 miles from the launch
base. The NACA did not apply at this time for an extension of the danger area but instead decided to
support NAOTS in their requests for a large danger area. Such a danger area could be used jointly by
the NACA and NAOTS.

The plans of NAOTS included air-launches of guided bombs and guided missiles carrying
torpedoes. The station also planned air-to-air firings out over the ocean. For these reasons, NAOTS
required a greater range than did the NACA. In December 1946, NAOTS initiated a request for
establishment of a large danger area out from Wallops. The Commander of the Fifth Naval District
forwarded this request to the Commander of the Eastern Sea Frontier.®> A conference was held in
Norfolk, Virginia, on February 4, 1947, at which all affected Government units had a change to raise
objections. Ray W. Hooker represented the NACA at this conference. Hooker informed the group that
the NACA needed a longer range and that the request of NAOTS was quite satisfactory to the NACA
even though it overlapped the existing NACA danger area (ref. 2). Several days later, however, Hooker
felt that the NACA danger area should be excluded from the new NAOTS area and asked NACA
Headquarters to try to have it eliminated. Headquarters, however, after receiving assurances of
cooperation from the Navy Department decided not to raise the issue (ref. 3).*° The Army Air Forces
had also requested a danger area off the coast of the Eastern Shore of Virginia for gunnery practice, and
objected to sharing this area with NAOTS.

As a result of all of the objections raised at the conference of February 4, 1947, NAOTS revised its
request and resubmitted it on February 17, 1947.°* The New York Regional Air Space Committee
considered the requests and objections at their meeting number 65 on March 20, 1947, and established
a new danger area but did not give NAOTS control of all of it. The new danger area, shown in
figure 70, was named the Great Machipongo Inlet Danger Area after the nearby inlet between Cobb and
Hog islands.

The Great Machipongo Inlet Danger Area was divided into three areas identified in figure 70 as
“A,” “B,” and “C.” Control of Area A was assigned to NAOTS for daily use by NAOTS and the NACA.
Note that this area overlaps the previous circle of 3-mile radius which enclosed the NACA Danger Area
at Wallops, shown as an open circle with a dotted outline. Area A also overlaps the upper end of the
area requested by the Army Air Forces.

Control of Area B was assigned to the Tactical Air Command, Langley Field, Virginia, for joint use
by NAOTS, the NACA, and the Air Force. The Air Force was also given control of the remainder of the
area it had requested.

Control of Area C was placed under the Chesapeake Bay Training Group, Fleet Training
Command. Note that this area includes Fleet Training Areas 5 and 6 of the nine Fleet Training Areas
east of Wallops Island. The decision concerning Area G, in effect, left this area under the control of the
Fleet Training Group but did identify it as a danger area.

The danger areas were required to be rejustified at regular intervals. In early 1948, the
Government decreed that there were to be no danger areas located outside the 3-mile limit. As a result,
all such areas outside the 3-mile limit were changed to warning areas. In response to this decree and a

3. Com NAB 5 letter to Commander, Eastern Sea Frontier, January 6, 1947, regarding request for danger area.

4. Johnson, Ernest, Langley letter to the NACA, March 7, 1947.

5. Kelly, J. J., Jr., Legal Officer, NACA letter to Langley, March 25, 1947.

6. NAOTS letter by Captain W. V. R. Vieweg to Commander, Eastern Sea Frontier, Feb. 17, 1947, regarding establishment of
aircraft danger area.
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FIGURE 70. Great Machipongo Inlet Danger Area and Fleet Operating Areas, 1947.

request for rejustification of the danger area, NAOTS on February 19, 1948, requested that all of the
Great Machipongo Inlet Danger Area inside the 3-mile limit be changed to a Wallops Island Danger
Area and the remaining area be renamed the Great Machipongo Inlet Offshore Warning Area.” The
Air Space Committee at their meeting number 114 followed this recommendation except that the
danger area near Wallops was identified as the Chincoteague Inlet Danger Area. This area is identified
in figure 71 as Danger Area. In later years, this area was also changed to a warning area and its western
boundary was changed slightly to coincide with longitude 75°31.5".
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FIGURE 71. Air Force Area Xray and Fleet Operating Areas, 1949.

On January 18, 1949, at the Air Space Committee meeting number 138, all the earlier actions
regarding danger or warning areas outside the 3-mile limit were revoked and all the area between the
Millville Control Area and the Norfolk Air Corridor was designated the Chincoteague-Virginia Capes
Airspace Warning Area. This action gave the Fleet Training Group, Chesapeake Bay, control of all the
area outside the 3-mile limit from Cape May to Cape Henry. The portion of this area below the 38th
parallel that was of interest for Wallops firings is shown in figure 71. The Chincoteague Inlet Danger

7. NAOTS letter to Commander, Eastern Sea Frontier, February 19, 1948, regarding establishment of offshore warning areas.
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Area inside the 3-mile limit was unchanged. The Fleet Training Group rearranged the area into
various Fleet Operating Areas. This action of the Air Space Committee now placed NAOTS, the
NACA, and the Tactical Air Command under the Fleet Training Group for all clearances for
operations beyond 3 miles.

This action had little effect upon the NACA and NAOTS operations because Chincoteague
maintained good relations with the Training Group and had practically a permanent reservation for
use of Area 6. In addition, Chincoteague provided target drones for the use of the fleet for training
purposes. The Tactical Air Command, on the other hand, despite the unification act of July 26, 1947,
was still treated as an element separate from the Navy. The command was not satisfied with the
arrangement whereby it had to obtain clearance from the Navy for all training flights over the Atlantic
Ocean. After an appeal had been made to the Department of Defense, a permanent assignment of part
of this Navy training area was,made to the Air Force. At a meeting at Langley Field, September 29,
1949, an area designated as Xray was agreed upon (ref. 4). This area is also shown in figure 71. W. J.
O’Sullivan and J. A. Shortal represented the NACA at this meeting. At the request of the NACA repre-
sentatives, the Xray area was located offshore from Wallops a distance of 10 miles (ref. 5).

The understandings reached at the September 29, 1949 meeting were formalized in a letter signed
on March 15, 1950, by all affected military units.® Procedures were established for obtaining clearance
for use of airspace in this entire area: (a) area inshore of Xray was to be under the control of NAOTS;
(b) airspace below 10,000 feet, within area Xray—under control of Fifth Naval District or, later,
NAOTS; (c) airspace above 10,000 feet, within area Xray—under control of Ninth Air Force, Langley
Field; (d) airspace beyond area Xray—under control of Fleet Training Group, Norfolk Naval Base.
This arrangement continued for several years.

As time went by, the Air Force found that the northern half of area Xray was of little use to it, and
control was shifted to NAOTS. NACA operations were more numerous than those of NAOTS and in
actual practice the NACA had control of the area and was contacted by NAOTS whenever the Navy
desired to use it. In effect, then, the NACA was given control and use of Fleet Training Area 6 (figure
71), which provided a sea range of approximately 40 miles. This arrangement provided Wallops with a
firing range which was adequate for most purposes during this period. The first attempt, however, in
the summer of 1950, to obtain clearance from the Navy for launching a missile beyond area Xray into
the Fleet Training Areas was bitterly opposed by the Atlantic Fleet despite the memorandum of under-
standing. This conflict and its solution will be discussed in a later chapter.

PREFLIGHT JET

Although NACA Headquarters approved construction of the Preflight Jet at Wallops Island in May
1945 and allotted funds for its construction from the 1945 First Deficiency Appropriation, it was 1948
before the facility went into operation. At that time, progress seemed very slow, but in retrospect this
time for construction for a unique piece of equipment was not excessive. The situation simply illustrates
one of the big advantages of the free-flight rocket-model technique for obtaining research data. The
first rockets were fired from Wallops just 2 months after the appropriation bill was signed by the
President. The quick reaction time of the rocket technique was to be demonstrated over and over as
data at higher and higher speeds were needed, including data at missile reentry speeds and, eventually,
data for the space program.

Desplte the long time required for construction of the Preflight Jet, it was ready by the time the
ramjet engines were ready for test. The original justification for the Preflight Jet was to provide
preliminary testing of ramjet engines for missiles, and it was designed to meet the requirements for
such engines. Later, many other types of tests were conducted there, as will be discussed later.

The first estimate of the cost of the Preflight Jet was $142,400, as shown in the Breakdown of
Funds section of Chapter 2. The final expenditure was $400,505 from the 1945 Deficiency Appropria-
tion, but this had to be supplemented by an additional $160,000 from general operating funds before

8. Letter from Ninth Air Force, Fifth Naval District, NAOTS, and Fleet Training Group to the NACA, March 15, 1950,
regarding agreement on use of Chincoteague-Virginia Capes offshore Airspace Warning Areas.
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the facility was ready for use. Doyle and Russell performed most of the housing and concrete
construction work while Pittsburgh-Des Moines Steel Co. was the prime contractor for the steel work
and the jet itself.

The Preflight Jet was the first true-temperature, sea-level-pressure, supersonic-speed facility
known in this country. These features were necessary to provide the proper environment for preflight
testing of the ramjet engines. The difficult part of this specification was the true-temperature aspect.
Normally, the air in a supersonic wind tunnel is not heated and the air, upon expanding through the
supersonic nozzle, suffers a large drop in temperature. At very high speeds, this drop in temperature
can be sufficient to liquefy the air. In such cases, some heat is added to avoid liquefaction. Of course,
dry air is used to avoid water drops or ice crystals in any case.

The Preflight Jet is a “blow-down” type of wind tunnel. Air is stored in large spheres and then
exhausted through a supersonic nozzle to create a jet of air at supersonic velocities. The length of time
available for a test depends upon the size of the jet and the size of the storage spheres. A quick-opening
valve is used to increase the time at full-speed conditions. This type of facility was selected for Wallops
and the ramjet program because of its basic simplicity and economy.

The need for a preflight jet for preliminary testing of ramjet engines in missiles prior to launching
was not foreseen when the Request for Appropriation (RFA) for the construction of an Auxiliary Flight
Research Station was prepared in January 1945. By May 1945, however, the need for such a facility was
recognized; funds were requested by Langley for the construction of a “Preflight Blower Set-up” and
were subsequently approved by NACA Headquarters. The facility envisioned at this time consisted of a
continuous jet of air produced by two blowers driven by diesel or gasoline engines.® This type of blower
setup was to be similar to those in the Induction Aerodynamics Laboratory at Langley for internal flow
research. Gilruth was not satisfied with the capabilities of such a blower, and instituted a series of studies
which culminated in a change to an intermittent blow-down type of jet.'* Such a change was necessary to
provide a jet of the required size, speed, and density, without unreasonable cost.

The first design for a blow-down jet made by Langley engineers consisted of nine cylindrical pres-
sure tanks 11 feet by 73 feet, in which air would be heated to 650°F and stored at a pressure of 205
pounds per square inch. These tanks were to be interconnected and fitted with a quick- openmg valve
and a supersonic nozzle through which the air would be exhausted to form the supersonic test jet. The
tanks were to be internally insulated to minimize heat losses. Langley was not completely satisfied that
this was the best arrangement; when bids were asked from industry, alternate proposals were invited.
The invitations to bid called for the “Design and Construction of Pre-Flight Test Unit for Auxiliary
Flight Research.”

Several proposals were received, but the low and successful bidder was the Pittsburgh-Des Moines
Steel Company (PDM), whose chief engineer, J. O. Jackson, took a personal interest in all phases of this
unique facility. PDM proposed that the air be stored under pressure in spherical tanks and be heated by
a large heat exchanger as it flowed to the supersonic test nozzle. Two types of heat exchangers were
considered: a bed of preheated steel balls and a large bundle of preheated tubes. The tube system was
recommended by Paul R. Hill of PARD and was adopted. During the negotiations with the contractor,
the volume of stored air was reduced from 50,000 cubic feet to 25,000 cubic feet to reduce costs. A
contract with PDM was awarded June 10, 1946. The final adjusted cost of this portion of the Preflight
Jet contract was $248,255.

The general arrangement of the Preflight Jet is shown in figure 72. A photograph of the facility is
shown in figure 73. Air was compressed to approximately 205 pounds per square inch and was dried by
being passed through a bed of activated alumina before it was stored in two spherical steel tanks 28 feet
10-3/4 inches in diameter. Two alumina dryers were in the line. While one was being used, the other
was being reactivated. A large quick-opening valve called a “rotovalve” controlled the flow of air from
the spheres to the heat exchanger The heat exchanger consisted of 39,000 1/8-inch iron pipes 10 feet
long. The nominal 1/8-inch pipe size actually had a 0.40-inch outside diameter and a 0.27-inch inside

9. Langley letter to NACA Headquarters, December 12, 1945, regarding request for reallocation of funds in First Deficiency
Appropriation Act, 1945.
10. Based on the author’s conversations with J. C. Messick and P. R. Hill, November 17, 1966.
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FIGURE 72. Schematic view of Wallops Preflight Jet test unit.

FIGURE 73. Exterior view of Wallops Island Preflight Jet test unit.

diameter. These pipes or tubes were arranged in bundles in the center of which was a long calrod
electrical heating element. The temperature of the tubes was equalized during heating by circulating air
through the exchanger by means of a bypass circulation system as shown in figure 72. When the proper
pressure and temperature were reached, the rotovalve was opened and the stored air was exhausted
through the heat exchanger and on to the supersonic nozzle and over the model under test in the open
jet. One of the first tests was made on a full-scale Lewis 16-inch ramjet, shown in figure 74. The 800-kw

FIGURE 74. Lewis 16-inch ramjet flight test unit in 12-inch
nozzle of Wallops Preflight Jet.
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generator mentioned earlier was obtained to provide the electrical power for this facility as well as for
the other needs of the island.

The size of the main jet, as well as the Mach number, could be varied by means of interchangeable
nozzle sections bolted to a common plate. When not in use, the nozzle was sealed by bolting a cover over
the nozzle exit face. The different test conditions available in the main jet are given in the following
table.

OPERATING CHARACTERISTICS OF MAIN JET, WALLOPS PREFLIGHT JET FACILITY

Mach Running Time (seconds)| Pressure{Temperature Time (hours)
Numb F

P 12.inch 27-inch (degrees )

Nozzle Nozzle Refill | Reheat | Circulate

1.40 125 23 32 280 - 7 1.2 4
1.60 98 18 48 340 6 1.3 4
1.80 71 13 69 416 5 1.4 4
2.00 44 8 100 500 4 1.5 4
2.25 10 145 620 3 1.6 4

The main jet was square in cross section and was constructed in two sizes: 12 inches and 27 inches.
Four 27-inch nozzles were available to provide Mach numbers of 1.4, 1.6, 1.8, and 2.0. Five 12-inch
nozzles provided Mach numbers of 1.4, 1.6, 1.8, 2.0, and 2.25. Later, a subsonic 27-inch nozzle was
added to the inventory.

The normal pressure in the storage spheres was 205 pounds per square inch and the initial
pumping time was 11 hours. During a test run, the pressure at the heat exchanger was controlled at the
value needed for the Mach number desired. The running time available was a function of the nozzle
size and Mach number, as shown in the table. It varied from 8 seconds for the 27-inch nozzle at Mach 2
to 125 seconds for the 12-inch nozzle at Mach 1.4. The tanks could be repressurized in 3 hours after a
full-length run at Mach 2.25, or in 7 hours after a full-length run at Mach 1.4.

The heat exchanger temperature was adjusted to the temperature required to yield room
temperature in the jet after expansion through the nozzle. These temperatures varied from 620° F. for
Mach 2.25 to 280° for Mach 1.4. The time to reheat the heat exchanger varied from 1.2 to 1.6 hours, as
shown, but these times were increased to 4 hours by the recirclation cycle that was required to equalize
the temperature. During a run, the temperature of the tubes started to drop at the upstream end and
by the time a run was completed the drop in temperature had extended to the downstream end.

It can be seen that after a maximum-length run, the time to restore the pressure varied between 3
and 7 hours, while the time to restore the heat in the heat exchanger was 4 hours. In 1952, the
compressor capacity was doubled to bring the pressurization capacity into line with the heating capacity.

An auxiliary jet, termed “B Jet,” was installed by the side of the main jet, as shown in figure 72. This
jet was circular in cross section and had interchangeable nozzles 5 inches to 8 inches in diameter. The B
Jet was very useful for preliminary testing because a number of runs could be made before the system
had to be recharged.

The main jet was ready for preliminary operation in April 1948. Initial calibration runs revealed
two difficulties that had to be corrected. First, the impact-pressure load on the bundle of tubes in the
heat exchanger exceeded the design load, and the entire mass shifted downstream somewhat. By the
use of hydraulic jacks, the tubes were returned to their proper location and stronger supports were
installed. The second difficulty was with the automatic control system that operated the rotovalve. The
S. Morgan Smith Company furnished this special valve, but PDM was responsible for the control
system. Large fluctuations in pressure were obtained when attempts were made to hold a constant
pressure during a run. Many corrective measures were tried but not until early in 1949 was the problem
solved and the main jet made ready for regular operation. In the interim, the B Jet was used almost
exclusively.

A third difficulty was noted after the main jet had been operated for some time. Large quantities of
rust and flakes of scale were found to contaminate the airstream. These were the result of an economy
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measure. The cost of stainless steel tubing had been considered prohibitive. Instead, common steel pipe
was used and this was found to have considerable mill scale that would flake off under the vibration
conditions of the facility. In addition, new rust would form after a period of time. It was found,
however, that if the heater was never allowed to cool off, the rusting was eliminated. In time, the
original mill scale disappeared. Although the airstream was never entirely free of contaminants, the
condition was tolerable, and proposals for cleaning the tubes or even replacing them entirely with
stainless steel were never considered necessary.

The short running time of the Preflight Jet made it necessary to install automatic sequencing
equipment to control the test, and to use fast-response measuring equipment. Although proposals were
made at various times for the installation of a complete balance system in the jet, thrust and drag
measuring stands were all that were ever used. In addition, arrangements were made to record
pressures and temperatures. Fuel-flow rates were also recorded in ramjet tests. A shadowgraph system
was installed to provide a picture of the flow conditions either in the empty jet or around various bodies
under test.

The control room and observation house for all tests was located near the test area as, shown in
figure 72. A periscope-type of observation window provided viewing for all operations, with safety for
the test crew.

The development of this unique facility was carried out under the direction of engineers at
Langley. At PARD, a special section was organized in 1949 (discussed earlier in Chapter 5), called the
Preflight Jet Section, with Paul R. Hill as Acting Head. This section was responsible for all projects in
the Preflight Jet. Raymond S. Watson, Jr., was Hill’s assistant in this facility and played a key role in its
development. As soon as the facility was completed, an engineer was transferred to Wallops and placed
in charge of the operation of this facility. This engineer was Eldred H. Helton, who was given the
assignment on August 16, 1948. He was joined by a second engineer, Abraham Spinak, on January 13,
1949. These men, with the assistance of mechanics and instrument men at Wallops Island, had this
responsibility until the facility was abandoned.

GENERAL MISSILE STABILIZATION
RESEARCH PROGRAM: D4

The success of the RM-1 missile stabilization research program discussed in Chapter 3 was over-
shadowed by aerodynamic control difficulties at speeds beyond Mach 1. With the success of the E5
aerodynamic control research program in solving the control problem at transonic speeds, it became
possible to resume the automatic stabilization program for air-to-air guided missiles. A new research
authorization, RA 1525, was issued by the NACA on September 29, 1948, for the study of various
automatic stabilization systems for pilotless aircraft.

Shortly after Buckley was transferred from IRD in early 1948 to become Assistant Chief of PARD,
he obtained the transfer of R. A. Gardiner from IRD to PARD to take charge of the automatic control
program. Gardiner had worked on automatic control for the Tiamat and RM-1 missiles, but the overall
responsibility for these missiles had been assigned to engineers in PARD. With the resignation of some
of the key personnel in this field at PARD, Gardiner was called upon to take over the responsibility. He
was ably assisted in the theoretical aspects by Howard J. Curfman, Jr.

The general aspects of roll stabilization with “flicker-control” ailerons that produced continuous
oscillations in roll were analyzed by Curfman, and methods for calculating the magnitude and
frequency of such oscillations were developed. This analysis revealed that the oscillation problem would
really become severé at supersonic speeds for missiles of the RM-1 size, a size typical of air-to-air
missiles. With a displacement system only, oscillations as large as 95 degrees could be encountered at
Mach 1.5 (ref. 6). Even with rate dampmg added to the system, the oscillations were still nearly 16
degrees (ref. 7).

The new flight program on mlss1le stabilization was designated RM-4 or D4. A Deacon booster was
the only propulsion used, and provided a Mach number of 1.38 for the 150-pound missile. The missile
was connected to the booster by a free-to-roll coupling or bearing to avoid interference with the roll
stabilization system during boost. The missile had a basic diameter of 8 inches and was 129 inches long.
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The body was cylindrical with ogival nose and tail sections. The four wings were of 60-degree-delta
planform and of 3-percent thickness at the root, with constant actual thickness out to the all-moving-tip
ailerons, which were also of 3-percent thickness. Four 60-degree canard fins in line with the wings were
installed for longitudinal and directional control. The initial flight in this program was with only a roll
stabilization system. The gyro-actuated control used successfully on the last Tiamet missile launched at
Wallops was adapted to the D4 design. A six-channel telemeter was installed within the missile to
measure roll rate, aileron position, total and static pressure, and normal and transverse accelerations.
Indications of pulse-aileron operation and automatic-pilot torque motor operation were obtained by
displacing the reference values of two of the above channels.

Two development missiles were launched in April 1949, and the first stabilized missile was launched
on May 24, 1949. The flight was a complete success and verified the wing-tip aileron control system, the
adaptation of the gyro-actuated control to supersonic flight, and a method for calculating rolling
response (ref. 8). Figure 75 shows a typical D4 missile on the launcher. This particular missile was
launched in August 1950, by which time the booster had been changed to a double Deacon system to
obtain higher speeds. The D4 missile configuration was also found to be a desirable one from pitch and
yaw considerations in later flights. Its general configuration was followed later in the design of the
Navy-Martin Bullpup air-to-ground guided missile.

FIGURE 75. Technician William Ferguson adjusts coupling
on typical NACA D4 automatic control research missile with
double Deacon booster, August 18, 1950..

As an aid in autopilot calculations, a method for calculating the frequency response of a guided
missile from a transient response was developed during this period (ref. 9).

GORGON MISSILE

In July 1943, Navy’s BuAer authorized the Naval Aircraft Factory to develop the Gorgon, an air-to-air
subsonic missile. The first self-propelled guided missile developed by Navy BuAer, it evolved into a
generalized research missile and its different versions were powered by turbojet, ramjet, pulsejet, or
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rocket engines. One version of the Gorgon was tail-first. The Gorgon also served as a test vehicle for a
variety of structural and guidance systems.

The influential letter from the Navy on December 19, 1944, which triggered the action to establish
Wallops offered “to supply the Committee with certain existing rocket-propelled missiles.” These were
the Gorgons. In reply, Crowley suggested that 12 Gorgons be obtained from the Navy. He also referred
to earlier contacts with the Navy which had indicated that a special version of the Gorgon might attain
speeds close to Mach 1. These were the special Gorgons desired by the NACA.

The special Gorgon referred to was to be propelled by a liquid rocket engine whose propellants
were fuming nitric acid and aniline. H. A. Soulé and R. A. Gardiner visited the Naval Aircraft
Modification Unit (NAMU) at Johnsville, Pennsylvania, on March 10, 1945, to discuss the Gorgon
missiles. The NAMU had received authorization to prepare 12 of the rocket-powered missiles (Gorgon
I1IC) for the NACA. This version of the Gorgon was under construction, and NAMU was awaiting
word from the NACA on the particular arrangement desired in the 12 missiles for Langley. In
particular, it was necessary to decide the location of the additional rocket motors required for higher
speed. Discussions were held regarding the problems of handling aniline and fuming nitric acid (ref.
10). No decision was made regarding the Gorgons on this trip, but the requirements of the liquid-rocket
engines were incorporated into the early design specifications for Wallops. The 400-foot launching
ramp at Wallops was also constructed for use in the launching of Gorgon missiles. It was learned during
the visit that the Gorgon III1C would be equipped with a newly developed Diehl autopilot unit which
contained a single gyro with a tilted axis.

On April 6, 1945, the NACA sent a request for BuAer for three standard Gorgon II missiles, for
familiarization purposes, and three Gorgon IIIC missiles equipped with special 700-pound-thrust
rocket engines with a 2-minute duration. It was stated that the remaining Gorgon III's might be
requested with different wing shapes.

As time went by, Langley became concerned about the problems of handling the liquid propellants
and, in August 1945, sent W. J. O’'Sullivan and D. G. Stone of PARD to NAES, Philadelphia, to discuss
arrangements for assistance from them in the flight tests of Gorgon missiles at Wallops. In March 1946,
the Navy suggested that the NACA send men to Mojave, California, and then to the NAMU for
training in the handling of the liquid-rocket fuels. In April 1946, the NACA reduced its request for
Gorgon missiles from 12 to 6. '

In March 1947, the NAMU was still involved with the construction of the special Gorgon missiles
for Langley. During a visit of NAMU people to Langley, R. W. Hooker told them that Langley could
now use only three of the missiles. The plan for obtaining speeds near Mach 1 had not materialized,
and interest in subsonic missiles had declined.

Although Langley was no longer interested in the Gorgon as a high-speed research tool, there
remained an interest in the special canted-axis gyroscope used in some versions for stabilization. A
Gorgon II tail-first version with a pulse-jet engine was obtained from the Navy equipped with such an
autopilot. The missile and autopilot were subjected to frequency-response tests in the laboratory, and
methods of analysis were developed for the complete system (ref. 11). The Gorgon II was selected for
these tests because aerodynamic data for it were available from earlier tunnel tests at Langley. This
activity closed out the Gorgon program at Langley and Wallops.

BELL RASCAL GUIDED MISSILE PROGRAM

In April 1946, under Air Force Project MX-776, the Army Air Forces contracted with Bell Aircraft
Corporation to develop an air-to-ground supersonic guided missile with a range of 100 miles. The
missile was later named “Rascal.” In December 1947, the design had proceeded far enough for Bell,
through the Air Force, to ask for assistance from the NACA in evaluating Bell’s design by tests of
rocket-propelled models at Wallops. On February 17, 1948, the NACA issued RA 1491 to cover the first
program, whose objective was to determine longitudinal stability, drag, and aileron effectiveness.

Six 1/6-scale models of the Rascal were flown during the period from June to September 1948.
Two were instrumented with telemeters to measure longitudinal stability, and the other four were used
for aileron-effectiveness measurements by the E5 technique. Figure 76 shows one of the models
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FIGURE 76. Launcher with mounted 1/6-scale model of Bell
Rascal guided missile, photographed on July 8, 1948

mounted with its booster on a short rail launcher. With this 5-inch HVAR rocket booster and a
3.25-inch internal rocket motor, speeds up to Mach 1.7 were obtained.

The tests revealed that the partial-span inboard ailerons had a reversal of effectiveness in the
transonic range for deflections of 5 degrees but not with 10 degrees. The wings were 5-percent
double-wedge sections. The missile was found to be longitudinally unstable, aerodynamically, at low
angles of attack. This was caused by the large canard surfaces in line with the wings. In the directional
plane, the canard fins were considerably smaller and did not induce a similar instability. Instability in
the longitudinal plane caused considerable difficulty in the rocket-model program—drag, for example,
could not be evaluated at zero lift—but its discovery had no effect on decisions affecting the full-scale
missile. The contractor planned to overcome the difficulty by proper autopilot design (ref. 12).

LEWIS AIR-LAUNCHED RAMJET PROGRAM

As was discussed in Chapter 1, both the Lewis and Langley Laboratories embarked upon research
programs for ramjet propulsion systems. The Lewis Laboratory, which was the NACA’s propulsion
research laboratory, was primarily interested in fuels and the combustion process, whereas Langley was
primarily interested in the aerodynamic aspects of the ramjet and in performance capabilities as a form
of missile propulsion. A ramjet panel with members from Lewis, Langley, and NACA Headquarters
had overall cognizance of the research conducted by the NACA. NACA Headquarters tried to separate
the Langley and Lewis activities to avoid duplication of effort. Eventually, both laboratories conducted
research in all phases of this type of engine and conducted ground and flight tests of complete systems.
There was no duplication of effort, however, because each laboratory had different ideas as to which
direction to take in the development of a system.
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Lewis concentrated on development of a large ramjet contained wholly within the fuselage of a
missile with four external stabilizing fins. The design was similar to that of the ramjet missile proposed
by M. C. Ellis and C. E. Brown in January 1945. Gasoline was the propellant in this engine. Langley, on
the other hand, following the recommendations of P. R. Hill, concentrated on smaller engines mounted
on struts at the rear of the missile fuselage. The Lewis engine was 16 inches in diameter; the Langley
engines were 6 inches. Langley research concentrated on the use of ethylene under pressure as a
propellant to simplify the fuel-flow problem.

The basic combustion process of ramjet engines was studied by Lewis in its ground facilities at
Cleveland, Ohio. Lewis also conducted burner tests with ramjet engines in captive flight, mounted
beneath high-speed airplanes. Initially, Langley was to conduct the flight testing of a complete missile
system incorporating the best ramjet arrangement. As it turned out, each laboratory supervised its own
flight tests although both sets of tests were conducted at Wallops Island.

The Lewis flight program was patterned after the freely falling body program at Langley. As shown
in figure 65, the complete unit was mounted externally beneath the wing of a P-82 airplane and was
dropped from high altitude. In the beginning, the Langley B-29 bomb-drop airplane was used, and all
instrumentation was installed by Langley IRD. The Flight Research Division of Langley participated in
the flight operation.

The 16-inch-diameter Lewis missile was 190 inches long and weighed approximately 525 pounds.
Eight and one-half gallons of gasoline and the telemetering equipment were carried within a central
body. Fuel flow was induced by pressurized nitrogen. An eight-channel telemeter was used to transmit
accelerations and pressures.

In the first phase of the Lewis program, the ramjet unit, after release, accelerated with the aid of
gravity and its own engine. The first drop was made July 25, 1947, from an altitude of 30,000 feet and
achieved a maximum Mach number of 1.42. At this speed, the thrust still exceeded the drag (ref. 13).
Failure of part of the telemeter prevented complete evaluation of performance. Three more flights
were made with this same type of ramjet, all with a ducted airfoil-type flame holder with intermediate
gutters. In these three flights, one engine would not support combustion; in the other two engines,
combustion was sporadic. In a fourth flight, the flame holder was changed to a rake type and
exceptional performance was obtained. A Mach number of 1.73 was attained, with a maximum
combustion efficiency of 91 percent, and a diffuser total pressure recovery of 0.90 (ref. 14). One of the
A-series of 16-inch ram jet units was tested in the Mach 1.4 test section of the Preflight Jet at Wallops in
July 1949, as was shown in figure 74.

LARGE-SCALE ROCKET-MODEL DRAG
PROGRAM: E17

The availability of the Deacon rocket motor made it possible to obtain drag data at a very high Reynolds
number by using large models with the Deacon mounted internally as the propulsion unit. Such a
program, designated E17, was undertaken in 1949. For the next 6 years, approximately five such
models were launched each year.

In figure 77, the first wing and body combination in this program is shown mounted on a new type
of zero-length launcher, from which it was launched April 21, 1949. The launcher is the bed of a trailer
which can be elevated by a hydraulic jack. The trailer allows the model to be loaded in the assembly
shop and then towed to the launch area. This versatile launcher was used for many years.

The E17 body was derived from the basic freely falling body recommended by John Stack but was
cut off at the rear to make room for the Deacon nozzle, which practically filled the base. The first wing
flown was “Wing C” of a new transonic-wing research program of the NACA. It had 45-degree sweep-
back, aspect ratio 4, taper ratio 0.6, and NACA 65A006 airfoil section streamwise. The body frontal
area was 6.06 percent of the wing area. The body was 13 inches in diameter and 130 inches long, while
the wing had a span of 93.6 inches. With only the Deacon rocket, a speed of Mach 1.5 was attained with
the wing and body combination, and 1.9 with the body alone. In this program, only the two vertical fins
were used on the models with wings. A two-channel telemeter transmitted longitudinal acceleration and
base pressure.
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FIGURE 77. Large-scale drag research model, E17 program,
shown on launcher, April 21, 1949.

The drag coefficients for this first series of tests were 0.015 for the body and 0.027 for the wing-
body combination at supersonic speeds, based on the wing area in both cases (ref. 15).

ROCKET-MODEL TEST OF DOUGLAS XS-3
RESEARCH AIRPLANE

In November 1946, the Army Air Forces requested that the NACA use rocket models to investigate the
Douglas XS-3 research airplane, in order to provide aerodynamic information in the transonic range
regarding stability, control, and drag characteristics. The NACA issued RA 1448 on January 17, 1947,
to cover the program. Five complete airplane models were constructed by the Douglas Aircraft
Company for the program, and the first model was flown at Wallops in August 1947.

Figure 78 shows one of the original XS-3 models on its launcher. The models weighed approxi-
mately 130 pounds and were propelled to a Mach number of 1.4 by a two-stage propulsion system.
Modified 5-inch HV AR rocket motors were used both as booster and as sustainer. The sustainer rocket
was fitted with a blast tube to allow location of the motor near the center of gravity. The models were 10
feet long and had unswept wings of aspect ratio 4, 4.6-percent-thick double wedge sections, and
51.47-inch span. These models were somewhat different from the final XS-3 airplane, whose design
underwent some changes after the tests.

The models were equipped with a four-channel telemeter which transmitted normal, longitudinal,
and transverse accelerations, and total pressure. The technique for obtaining stability and control
effectiveness was to vary the center of gravity location and horizontal tail settings between different
models. The tests represented the first use of this technique. In the tests, a large longitudinal trim
change was encountered between Mach numbers of 0.8 and 1.0, but the horizontal tail was able to
overcome this change in trim. The overall drag coefficient was approximately 0.080 (ref. 16).
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FIGURE 78. Rocket model of early version of Douglas XS~3
research airplane, shown on launcher at Wallops, Novem-
ber 14, 1947.

GENERAL AIRPLANE LONGITUDINAL
TRIM AND DRAG PROGRAM: E7

The technique followed with the XS-3 rocket-model program—varying the tail settings and center-of-
gravity locations to determine tail effectiveness and longitudinal trim characteristics—was expanded
into a general program and designated RM-7 and, later, E7. The models were relatively simple, with
only two-channel telemeters transmitting normal acceleration and total pressure. Propulsion was
furnished by a 3.25-inch rocket-motor booster and by a second 3.25-inch motor mounted internally.
Speeds of Mach 1.2 were obtained in flight.

The first models in the E7 program were patterned after the Douglas D-558-I unswept research
airplane and the Douglas D-558-11 swept-wing version. The swept configuration, mounted on its
zero-length launcher, is shown in figure 79. The straight wing was 6 percent thick while the swept wing
was approximately 8 percent in the streamwise direction. The first report on the program included
results from four straight-wing models and six sweptback models (ref. 17). From these flights, it was
possible to estimate the control settings required for level-flight trim through the transonic range. It
was concluded that longitudinal control by means of the stabilizer or all-moving tail was feasible
throughout the speed range. Both configurations, however, experienced an abrupt trim change. The
drag coefficient was approximately 0.08 with the straight wing and 0.07 with the sweptback wing.

CONVAIR XF—-92 AIRPLANE PROGRAM

In September 1946, representatives of Convair (Consolidated-Vultee Aircraft Corporation) and the
Army Air Forces visited Langley and discussed their desire for rocket-model tests of the XF-92
(MX-813) delta-wing airplane then under development. A research program was agreed upon, and
when the official Army request came, the NACA issued RA 1452 to cover the rocket-model program. A
total of six 1/8-scale models was planned to determine drag, stability, and control characteristics
through the transonic speed range.

The first model was launched on November 7, 1947. A Monsanto ACL-1 rocket motor was used as
a booster, and a 5-inch HVAR rocket motor, shortened to 17 inches in length, was used as a sustainer.
The booster was similar to the “all-purpose booster” described in Chapter 4 except that now the fins
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FIGURE 79. Rocket model of Douglas D—558—11I research airplane, shown on launcher at Wallops in E7 program, October 20,
1948. From left, project engineer J. H. Parks, Wallops rocket technician N. S. Johnson, and Langley rocket technician G. R. Poole.

were braced with external tie-rods, and a “crutch-type” launcher was used, as shown in figure 80. The
internal sustainer rocket served as a positive means for separating the model from the booster, and also
provided a short period of constant-speed flight. This model had a large nose inlet which nearly filled
the stubby nose of the fuselage. The flight was a failure, attributed to longitudinal instability, and
extensive changes were made in the program. The nose of the fuselage was extended, and the inlet was
faired over. In addition, the booster rocket was changed to a Deacon. With the modification to the
model, the center of gravity could be located far enough forward to insure longitudinal stability.
Successful flights were made with the remaining models.

In figure 81, one of the models with the faired nose is shown on its launcher. This faired nose
duplicated the flying mockup version of the XF-92 airplane, designated 7002 by Convair and, later,
XF-92A by the Air Force. The crutch used with the Deacon booster was a tubular steel structure as
contrasted with the short wooden support used in the earlier launch. The crutch served merely as a
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FIGURE 80. Monsanto ACL—1 rocket motor booster with ~ FIGURE 81. Typical Y%-scale model of Convair XF—92 air-
Yg-scale model of Convair XF—92 airplane ready for launch- plane with faired nose. Model and its Deacon booster are
ing at Wallops Island, November 7, 1947. shown on.crutch launcher at Wallops, September 24, 1948.

prop to support the front end of the booster at an angle of approximately 45 degrees. At launch, the
crutch simply rotated out of the way of the booster fins. This type of launcher was used extensively in
later programs.

An eight-channel telemeter, used in these models, transmitted longitudinal, lateral, and normal
acceleration, control hinge moments, control position, angle of attack, total pressure, and a reference
static pressure. Angle of attack was measured with a floating vane mounted on a sting in front of the
nose of the model. This angle-of-attack indicator was a special instrument designed by R. R. Gilruth
and developed at Langley for this purpose (ref. 18).

The elevons were actuated in flight by a compressed-air system to produce a series of abrupt
pull-ups and push-downs at a frequency of one cycle in 1.2 seconds. Analysis of the resulting motions of
the model made it possible to determine dynamic stability and trim by the same procedure that was
used in the Lark missile tests discussed in Chapter 3.

A preliminary report for the Air Force was prepared on the results of the first model (ref. 19); and
a second report, prepared for general distribution, included the results from all models (ref. 20). This
was the first airplane for which flying qualities were predicted from rocket-model tests. Except for small
changes in trim and a reduction of control effectiveness at transonic speeds, flight characteristics were
found to be quite satisfactory.

GENERAL AIRPLANE DYNAMIC
LONGITUDINAL STABILITY
PROGRAM: E15 .

The pulsed-control method for obtaining dynamic longitudinal stability and control with the XF-92
airplane model was adapted to a general airplane research program designated E15. The body shape
used for the first models in this general program was the same one used in the D4 program—a cylindrical
body with a 7-inch diameter, and with ogival nose and tail sections. Different wing and horizontal tail
arrangements were mounted on successive models. The instrumentation and mechanism for pulsing
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the controls were located within the body and were the same for all models. The models were
approximately 125 pounds in weight, and were propelled to a Mach number of 1.40 by a single Deacon
booster. The first complete model in this program, launched February 2, 1949, is shown in figure 82

mounted on the crutch launcher for a 45-degree takeoff. Several developmental launchings were made
in 1948.

FIGURE 82. Typical E15 research rocket model used to
investigate dynamic longitudinal stability. Model is shown
ready for launching on February 2, 1949.

A six-channel telemeter transmitted normal and longitudinal accelerations, elevator deflection,
angle of attack, total pressure, and a static pressure.

The wing and horizontal tail on the first E15 model were patterned after those of the Douglas X-3
research airplane. Both were tapered and unswept, of aspect ratio 3, and had modified double-wedge
airfoil sections 4.5 percent thick. The tests indicated that the corresponding airplane could be readily
controlled with the all-moving horizontal tail. The maximum lift coefficients were low because of the
sharp leading edges, and the drag coefficient of 0.070 at transonic speeds was believed to be caused
mainly by the fuselage (ref. 21). This was the first launching in a program that eventually collected a
large mass of data on different airplane arrangements.

CONTROL HINGE MOMENTS RESEARCH
PROGRAM: D8

A general rocket-model research program designated RM-8 and, later, D8 placed emphasis on the
measurement of control hinge moments. The technique consisted of mechanically pulsing the aileron
control surfaces sinusoidally at a rate of four cycles per second and measuring the hinge moments,
aileron deflection, rolling velocity, normal and longitudinal acceleration, and total and static pressure.
The fuselage was similar to the standard E15 fuselage; for the first test, on March 30, 1949, 60-degree
delta wings and half-delta tip ailerons were used. Two equal-span wings were arranged in a cruciform
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manner and no tails were required. The pulsed ailerons were in only one plane. The wing in the other
plane was mounted on a rolling-moment balance to determine damping-in-roll. The rolling moment
readings were transmitted by the eighth channel of the telemeter. A single Deacon booster was used to
propel the model to a Mach number of 1.52.

The delta wing with half-delta controls was selected because of the favorable results shown earlier
for this aileron. The results showed that the hinge moments could be very closely balanced out with the
single hinge location of 63.5 percent of the root chord.

From an analysis of the total motion of the missile and the rolling-moment balance measurements,
it was possible to calculate the rolling moments produced by the ailerons as well as the damping-in-roll
characteristics of the configuration. This was a step forward in control studies beyond the E5 technique.
Now the components of the total motion could be evaluated. For this wing arrangement, the damping-
in-roll was found to be constant over the speed range. This result showed that the variations in overall
rolling effectiveness were caused by changes in the rolling moments themselves. In the supersonic
range, these aileron moments decreased as the speed was increased. This finding was in general agree-
ment with theory, although the magnitude in the subject test was approximately 20 percent lower than
the corresponding theoretical values (ref. 22).

DAMPING-IN-ROLL GENERAL RESEARCH
PROGRAM: D13

Although damping-in-roll of a delta wing was obtained by the D8 technique, a Iess complicated method
for studying many different wing planforms was needed. W. J. O’Sullivan proposed a technique in
which an internal rocket motor with four canted nozzles would apply a known amount of torque or
rolling moment which, in an equilibrium condition, would be balanced by the damping-in-roll. All that
was required, in addition to the torque nozzle, was a spinsonde to measure rolling velocity, and the
Doppler radar to measure forward velocity, as in the E5 program. With the damping-in-roll measured,
the mass of rolling effectiveness data from the E5 program could then be reevaluated as aileron rolling
moments. Such a program, designated D13, was initiated at Wallops.

The models used were similar in construction to the simple E5 models. Four models were flown in
December 1948 and another forty-nine in 1949. The model body was 6.5 inches in diameter and 72
inches in length, and had three wing panels at the rear. The wings also served as stabilizing fins. The
internal rocket was a 5-inch Cordite rocket motor which had been modified by changing its single
nozzle to four smaller nozzles with a cant. A 5-inch HVAR booster was used, as shown in figure 83.
Mach numbers of approximately 1.5 were reached. Total drag coefficients were also obtained.

The first tests were made of wings of aspect ratio 3.71 and NACA 65A006 and 65A009 airfoil
sections. The results obtained with three identical models 6 percent thick are shown in figure 84.
Damping-in-roll is expressed as Clpor dCid g—i’/, where C2 is rolling moment coefficient, moment/qbsS.
The rocket-model results filled in the speed range between the high-subsonic wind-tunnel test data and
supersonic theory. The data were somewhat lower than the theoretical figures, but there were no
discontinuities in the transonic range (ref. 23).

Damping-in-roll measurements were not only useful in the evaluation of control moments from E5
data, but were useful directly in lateral stability calculations. The development of a simple technique for
measuring damping-in-roll was one more step along the way in providing aerodynamicists with the data
needed for airplane and missile design.

HOW PROJECTS ORIGINATED: RELATIVE
ROLES OF LANGLEY AND WALLOPS;
SAFETY CONSIDERATIONS

As was noted earlier, the research projects involving tests at Wallops Island under the NACA were of
two types: “specific” or “general.” Specific projects were those requested by one of the military services
in direct support of a specific missile or airplane. Such research usually involved tests of scaled models
of the airplane or missile. In some cases the full-size missile was tested. PARD had attained national
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FIGURE 83. Typical D13 research rocket model used to
investigate damping-in-roll by the torque-nozzle technique.

Model is shown ready for launching at Wallops on January 11,
1949,
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FIGURE 84. Damping-in-roll rocket test results from NACA D13
program compared with wind-tunnel test data and theory.

recognition for its ability to obtain meaningful and accurate data, usually aerodynamic data, from
rocket-model flight tests. From 1948 to 1958, practically every supersonic missile or airplane under
development in the United States was represented in the Wallops specific research proram. Specific
research constituted approximately 20 percent of the overall effort.

When a military service decided upon the development of a new airplane or missile, it was
customary for the NACA to assist the military and its.contractors by conducting such tests in its facilities
that could not be conducted elsewhere. As the manufacturers acquired their own wind tunnels, either
directly, or jointly through sponsorship of university facilities, the NACA was relieved of much of the
standard wind-tunnel testing. The special facilities, however, remained in great demand. Wallops, with
its rocket-model technique, was one of these.
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The reason for this great demand for rocket-model tests at Wallops was given quite clearly by
Edmond C. Buckley. He wrote: “Wallops Island had an enviable reputation for success and reliability of
operation and for trustworthiness and reliability of data at a time when other ranges seemed plagued
with launching or instrumentation mishaps. The quality of Wallops’ work continued in the decade
beyond the period covered thus far (1945—1949) and undoubtedly played a major part in the decision
to make NACA the nucleus of NASA.”"

Early in the development phase of a new supersonic missile or airplane, representatives of the
military service and the contractor would visit PARD at Langley and discuss their design problems and
their proposed test program. It was customary for the Chief of PARD to be present at such meetings to
give the visitors the benefit of other test results that might have a bearing on the current problem, to
point out potential problem areas in the proposed design, and to ensure that unnecessary tests were not
programmed.

PARD welcomed the visits of manufacturers and the military services, whether for discussion of
new design proposals or for consultation on current problems. In this period, the military services were
the only users of the end products of PARD research—supersonic airplanes and missiles. The visits
kept PARD abreast of current problems, and the general research programs were guided with the
knowledge of such problems. At these visits, general research was discussed with the visitors, as well as
specific tests under consideration.

The NACA made it a policy not to ask the military for a transfer of funds to cover costs of specific
research. The military reciprocated by assisting the NACA to obtain equipment and supplies. The
NACA did ask each military service to provide the models to be tested and in many cases to provide the
rocket booster for the flight test. Langley always provided the special instrumentation within the
models, carried out the tests, and analyzed and reported the results. Frequently the results of specific
tests were of such general interest that separate reports were prepared for general distribution.

At Langley, specific projects were generally given priority over the general program, in cases of
highest military priority, much overtime and special considerations were given the project.

Although the manufacturers were required to design and construct the test models for a specific
rocket-model program, Langley contributed to the detailed design to assure structural integrity and
reliability of the test models. Manufacturers were given the benefit of the experience of the Langley
engineers and fabricators. Preliminary layouts were usually made by the contractor’s representative
under the direction of Langley engineers. Construction was not allowed until Langley had approved
the design. It was very frustrating to receive a completed model, supposedly ready for test, to find
obvious structural errors that experience had shown would probably result in a failure in flight. As a
guide to the design of rocket models, a set of notes was prepared and made available to all model
designers (ref. 24).

Each specific project required the approval of NACA Headquarters and the prior approval of the
military coordinating committee. NACA Headquarters was, therefore, kept aware of all tests being
conducted at Langley and Wallops on specific airplanes and missiles.

The relative roles of Langley and Wallops in connection with specific projects is of interest. All such
projects had to start with PARD at Langley. Any visitor or any correspondence relating to rocket-model
tests was always referred to PARD. It was up to PARD to call in or refer such visitors to other units of
the Langley Laboratory as required. C. C. Johnson was usually called in for preliminary comments on
engineering design and H. H. Youngblood gave advice on instrumentation. PARD had the final say as
to whether a particular model would be launched at Wallops.

As was mentioned earlier, Wallops at this time was a branch of PARD. Wallops was responsible for
operations at the range and made decisions on the launching of particular models as affected by range
instrumentation, weather, and safety considerations. Normally the Chief of PARD did not interfere in
such decisions but his opinion was usually obtained ahead of time in questionable cases. The Engineer-
in-Charge of Wallops was also consulted in connection with new projects requiring unusual range
equipment or the procurement of new equipment. '

Normal operations between Langley and Wallops were handled by the PARD Operations Section,
headed by C. A. Hulcher. The operations office was the focal point for all information going to or

11. Letter from Edmond C. Buckley to Joseph E. Robbins, February 27, 1968, commenting on first draft of Wallops History.
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returning from Wallops. A communication radio was located in the operations office, and information
on all countdowns was obtained there. Travel to and from Wallops was coordinated by this office,
whether by boat, NACA airplane or private car.

The general, or basic, research program at Wallops was somewhat less exciting than the specific
model program because it did not relate directly to airplanes and missiles in being. On the other hand,
the general program had the excitement associated with new discoveries and out-front research
programs. The military and the industry looked to PARD for guidance in new designs. It was up to
PARD to anticipate such requests and have the answers ready when needed. This they succeeded in
doing. In recognition of the contribution of the Wallops program, the 1950 Sylvanus Albert Reed
award was presented to Robert R. Gilruth for “the conception and development of new techniques for
obtaining transonic and supersonic data using freely flying models” (ref. 25).

As noted before, the general research authorizations were quite broad in scope, and great freedom
was given the NACA research laboratories, not only in execution of the programs but in their earliest
conception. The main committee of the NACA and its various working committees and subcommittees
met at regular intervals and received presentations of the latest results of NACA research. Overall
policy and areas requiring research were set by these bodies, but the detailed ideas for new research
nearly always came from the research engineers directly involved with a program. At PARD, practically
every new idea proposed at the working level was allowed a trial, provided it related to the general
problems at hand. This willingness of management to give new ideas a trial stimulated and encouraged
the development of forward-thinking researchers.

The basic research programs at PARD did not have the usual limitations placed on wind-tunnel
facilities. Tunnels were usually confined to particular speeds or types of research. The rocket technique
could be used in almost any problem of flight, and speed was merely a question of selection of rocket
motors. As a result, the PARD research program came under the cognizance of many of the NACA
committees and subcommittees. Those normally receiving regular reports and theoretically directing
the research in their areas were the following:

Committee Subcommittee

Aerodynamics Fluid Mechanics
High-Speed Aerodynamics
Stability and Control
Internal Flow
Upper Atmosphere
Powerplants Combustion

Aircraft Construction Aircraft Structures
Aircraft Loads
Vibration and Flutter
Aircraft Structural Materials

In actual practice, many flight projects originating at PARD were of interest to several different
subcommittees. For example, tests of a wing and fuselage in combination would yield data concerning
high-speed aerodynamics, stability and control, aircraft loads, and sometimes vibration and flutter. This
“across-the-board” coverage in a single project did not bother PARD personnel at Langley or Wallops
although, when presentations were required before particular committees, the researchers making
such presentations had to be sure to “wear the right hat.” One lasting effect of this multidisciplined
effort was to train men to be “broad-gauge” researchers uninhibited by adherence to a single discipline.

The representatives on the High-Speed Aerodynamics Subcommittee from the three NACA
laboratories—Langley, Lewis, and Ames—together with the NACA Headquarters representative
constituted a High-Speed Panel that would meet prior to the subcommittee meetings to compare results
and agree upon a position. At its meeting on August 27, 1948, the Panel recommended that a special
interlaboratory group be appointed to coordinate NACA research applicable to guided missile
problems. Such a group was appointed in November 1948 to examine the NACA program with the spe-
cific needs of guided missile contractors in mind.** The High-Speed Panel at this time consisted of R. G.
Robinson, NACA Headquarters; John Stack, Langley; H. Julian Allen, Ames; and Abe Silverstein,

12. Crowley, J. W., NACA letter to Langley, Nov. 9, 1948, regarding special interlaboratory group to coordinate NACA research
applicable to guided missile problems.
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Lewis. The Special Interlaboratory Group consisted of R. R. Gilruth and J. V. Becker, Langley; J. C.
Evvard, Lewis; and R. F. Huntsberger, Ames. This is just one example of attempts to obtain maximum
effectiveness from NACA general research.

At Langley, there were local committees which paralleled the NACA committees; their function
was to facilitate the exchange of information on common problems at the working level, and to
coordinate general research activities. Most new proposals for research were referred to such
committees for comment. The committees were useful as a means of keeping up with new research
findings all over the laboratory, but they were rarely a source of new ideas. Ideas came from individual
workers. To these idea men, the various committees were a part of the system they had to tolerate.

At Wallops under the NACA, no attempt was made to establish launch schedules ahead of time.
Every model was prepared for flight as soon as possible, with recognition of certain priorities, and was
sent to Wallops when it was ready. At Wallops, the models were launched when they were prepared,
almost on a first-come, first-served basis. This provided freedom to inject new urgent models at any
time, without disrupting a schedule.

The various technical conferences held at the NACA laboratories provided another source of
inputs to the general research program of PARD. These conferences were attended by airplane and
missile experts from all over the country, and afforded industry and the military alike an opportunity to
propose additional research. '

On two occasions, there was a demand for an expansion of the general rocket-model program. The
first such demand came at a conference of Army, Navy, NACA, and industry representatives in
September 1945, shortly after Wallops had been set up (ref. 26). The second demand came at a meeting
of a Special Subcommittee on Research Problems of Transonic Aircraft Design held in June and July,
1948. The subcommittee stated, “It is therefore recommended that full encouragement and recogni-
tion be given to the work of the Langley Pilotless Aircraft Research Division and that steps be taken to
increase immediately the manpower and facilities available for rocket-test work, preferably by a factor
of at least 3.” A resolution to this effect was unanimously passed (ref. 27). Such encouragement from
industry was very helpful in obtaining the backing of NACA management as well as that of Congress
for increased emphasis on this type of research. In addition, the recommendations of this subcommit-
tee were the basis for an expanded general research program.

As the fame of Wallops grew, more and more people wanted to visit the facility and witness rocket
lJaunchings. The base was still closed to visitors except in certain special cases. The general policy was to
limit visitors to those people having a need to go there. The committees of NACA scheduled one or
more meetings there to allow the members to see firsthand what was going on. The first such group to
hold a meeting there was the NACA main committee, which met at Wallops April 21, 1949. (See
figure 85.) Eventually, all committees having an interest in this type of research met at least once at
Wallops.

The problem of safety in Wallops operations was of continual concern to Langley management,
principally because of the unknown hazard of the rocket motors. Inasmuch as Wallops was officially a
part of Langley, the Executive Safety Committee of Langley had cognizance over safety matters there.
This committee held a meeting at Wallops June 24—25, 1948. Concern was expressed about the
number of people allowed in hazardous areas, and the adequacy of warning signals. The need for a
full-time nurse was also discussed. Although nothing was settled at this meeting, a full-time technician
was obtained soon afterward to operate the first aid dispensary and to conduct first aid classes. The
need for a ferry to replace the rather unsafe LCM boats for transporting trucks and buses to the island
was agreed to be a real one (ref. 28).

From the beginning of Wallops, there was concern over the safety of the Doppler radar operators.
All other personnel could take cover during actual launchings, but the radar operators were required to
be close to the launcher. The solution adopted was to erect portable barricades between the Doppler
radar and the launchers. These were made of marine plywood and filled with cotton waste. While such
a barricade would not withstand a direct hit from a rocket in flight, the chances for such an event were
practically zero. The barricades would at least stop flying particles in case of an explosion. As it turned
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FIGURE 85. Group attending NACA meeting at Wallops Island on April 21, 1949. Shown from left to right are John F. Victory,
Executive Secretary, NACA; Catherine Wheeler, NACA Hgq.; R. G. Robinson, NACA Hgq.; J. W. Crowley, NACA Hq.; R. L.
Krieger, Wallops; A. M. Rothrock, NACA Hq.; H. L. Dryden, Director, NACA; R. R. Gilruth, Chief, PARD; Maj. Gen. D. L. Putt,
USAF; R. M. Hazen, General Motors Corp., Allison Div.; H. ]. E. Reid, Director, Langley; J. C. Hunsaker, Chairman, NACA; W.
Littlewood, American Airlines, Inc.; F. W. Reichelderfer, Chief, U.S. Weather Bureau; T. P. Wright, Cornell University; A. E.
Raymond, Douglas Aircraft Co.; Vice Admiral J. D. Price, USN, Vice CNO: Rear Admiral T. C. Lonnquest, USN, Asst. Chief,
BuAer.

out, there never were any explosions directly on the launcher. The only real hazard to the operators
was from parts of model structure, when structural failures were encountered in flight. Such failures
usually occurred at altitudes of a few hundred feet, and the air was filled with pieces, as from an
explosion. No real damage was ever done by such particles, however.

During the developing years of Wallops, there appeared to be a high percentage of failures in
flight. Some programs were carried out with a reliability in excess of 95 percent, while in others over
half the flights experienced some type of failure. The main reason for such failures was that there were
no design criteria to cover the speed range of the tests. In fact, one purpose of the tests was to obtain the
information really needed for proper design. In most cases, the researchers were operating beyond the
frontiers of knowledge. No failure, however, was ignored or considered a chance occurrence. All data,
including telemetered information from onboard instrumentation as well as numerous high-speed
motion pictures, were closely examined; and the next flight was not permitted until some change in
design had been made, unless an obvious operational error had been located. In retrospect, it is
amazing that so many correct diagnoses of the trouble were made, in view of the explosive nature of
many failures. The key in any investigation was to locate the very first item of failure or source of
trouble in a chain of events.
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CHAPTER 7

YEAR OF RAMJET
ACHIEVEMENT: 1950

CONSTRUCTION OF NEW FACILITIES

The permanent facilities at Wallops authorized by Congress in 1945 had to suffice for several years
because of the reluctance of Congress to appropriate funds for capital outlay after the war ended.
Although some construction work was done with funds budgeted for General Operating Expenses
- (GOE), the first major new construction was undertaken with funds authorized for Wallops in fiscal
years 1948 and 1949. In 1948, Construction and Equipment (C & E) funds were allotted for the con-
struction of a greatly enlarged Control Center at the launching area (Project 648) and three new rocket
facilities (Project 647). The rocket facilities consisted of Propellant Magazine, Igniter Magazine, and
Rocket Test Cell. In 1949, C & E funds were appropriated for the construction of a large Instrumenta-
tion Laboratory (Project 790).

The Control Center, originally termed Bombproof Instrument Station, was built as an addition to
the original Bombproof Observation House, although it was many times larger. As soon as operations
began at Wallops, it was realized that a much larger center was needed for control of flight operations
and for housing of range instrumentation.

The budget request was for a station of 1,000 square feet to adjoin the original structure containing
250 square feet. Funds were requested at the same time for a Research Equipment Building which was
to contain a room of 15,000 square feet for storage and maintenance of radars, and an adjoining
building of 5,000 square feet subdivided into a telemeter room, control laboratory, darkroom, and
instrumentation laboratory. When the request for the Research Equipment Building was turned down
as a part of the 1948 budget, Langley proposed to NACA Headquarters that the Control Center be
enlarged to 5,000 square feet and be designed to accommodate many of the functions originally
planned for the Research Equipment Building. This proposal was approved by NACA Headquarters
on November 18, 1947.

The Control Center, 115 feet by 44 feet, consequently contained not only the central firing control
and observation room but separate rooms for the receiving stations for telemetry, spinsonde, Doppler
radar, and radiosonde. It also contained a darkroom, a battery-charging and storage room, and a room
for storage and adjustment of instruments. In addition, it contained its own central heating and air
conditioning system. Pending construction of this Control Center, the various instruments and
receiving stations were housed in temporary trailers and wooden shelters.

The budget proposal was for a structure to be built mostly underground for safety, and to reduce
interference with the radar and cameras. This idea was abandoned, however, and the building was
constructed with the floor high enough above sea level to minimize damage from flooding during
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storms and high tides. The completed center is shown in figure 86. The small room on the right end is
the original Observation House. Telemetry antennae were located on the roof. The center was of cast
concrete construction, with small observation ports. It was built by Doyle and Russell for $183,750, as a
part of contract NAw-5555, and was completed in March 1950.

The original launching slab, 50 feet by 50 feet, was also found to be inadequate, and general
operating funds were used for a two-phase enlargement of the launching area. The first phase,
completed in April 1948, was a 170-foot extension of the original 50-foot-wide slab in a curve following
the circular access roadway. This construction, approved as project 725 on November 13, 1947, was
performed by Ferguson Corporation for $8,150, under contract NAw-5528. The second phase
consisted of extending the launching area in both directions parallel to the shoreline, to provide a
continuous area 600 feet long and at least 50 feet wide. This second extension, also constructed by
Ferguson Corporation, cost $89,319 under contract NAw-5728. The work was approved as Project 885
on December 7, 1948, and was completed in January 1950. The contract also covered construction of
utility ducts under ground, a ramjet fire control system, and a launch control shelter.

The new rocket-motor facilities, also constructed from the fiscal 1948 C & E appropriation, are also
shown in figure 86. The facilities constructed were somewhat different from those requested when the
budget was prepared in 1946. The original plan called for a rocket-conditioning building and a model
assembly building in addition to the three buildings actually constructed. The needs and priorities for
facilities at Wallops changed continually, and the most urgent needs had to be met first. When available
C & E funds were exhausted, some of the buildings had to be postponed or reevaluated. The model
assembly building was to be constructed later from the 1950 appropriation while the rocket
conditioning building was canceled.

The three rocket-motor facilities, Project 647, were constructed by Doyle and Russell as a part of
contract NAw-5555, for a cost of $312,500. This cost covered utilities, roads, grading, and fencing, as
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FIGURE 86. Aerial view of launching area in April 1950 showing new launch slab, Control Center, Igniter Magazine, Propellant
Magazine, and Rocket Test Cell.
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well as the buildings. The facilities were constructed in a restricted zone across the road from the
launching area and were completed in March 1950.

The Propellant Magazine, formerly called Rocket Storage Magazine, was the largest of the three
structures, being a 37-foot by 52-foot concrete building covered with earth to make a total width of 139
feet. This magazine was a vast improvement over the small igloos constructed in 1945 and 1946, and
was to fill the needs of Wallops for many years. Rocket motors formerly stored at the Chincoteague Air
Station and at Langley could now be moved to Wallops where they were more readily available.

The Igniter Magazine was similar in construction to the Propellant Magazine although it was much
smaller. It consisted of three separate cells 8 feet square, in a row with a common outside loading
platform. The different cells made it possible to separate the different classes of explosives used in
igniter manufacture, as well as to store completed igniters.

The Rocket Test Cell was given priority because of the expected need for ground tests of liquid-
rocket engines. Small thrust stands for test of solid-rocket motors were available at Langley, but the
hazards involved with liquid-rocket testing necessitated the use of a remote area such as Wallops Island.
In addition, a test cell was needed at the launch site for making final adjustments in the liquid-rocket
engines before their use in a flight model. The Rocket Test Cell consisted of the test cell proper with a
drain and catch basin for spilled propellants and an adjoining observation room separated by a thick
concrete wall containing a special periscope-mirror viewing system. A large concrete barricade, 18 feet
high and 38 feet long, was erected on the east side of the building for protection in case of an explosion.
By the time this building was completed, interest in liquid-rocket engines for Wallops had almost dis-
appeared, and only one such engine was ever run in the test cell. Other uses were found for the
facility. It was found to be a good place for “blowdown” tests of ethylene fuel tanks prior to flight testing
of ramjet vehicles, to check out the fuel-flow control system. Later, the facility was to be equipped with a
dynamic-balancing machine for payloads, particularly those containing loaded rocket motors.

The Instrumentation Laboratory was essentially a resubmission in the 1949 budget of a part of the
Research Equipment Building disapproved in the 1948 budget. Even though the smaller instrument
rooms originally requested as a part of the building in 1948 were obtained by enlargement of the
Control Center as explained earlier, the need for a controlled-atmosphere shelter for the Doppler
radars remained a real one. By the time of the preparation of the 1949 budget it was also realized that a
model preparation and storage area for the Preflight Jet was needed. These two needs provided the
Jjustification required to obtain approval of the project in the 1949 budget.

The Doppler radars were found to be very temperamental and difficult to keep in operating
condition. Unlike the SCR-584 radar which was housed in its own air-conditioned trailer, the Doppler
radar was very much exposed to the weather in the launching area. Exposure to moist, salt air and
blowing sand made it extremely difficult to maintain. Experience in storing the unit inside an
improvised air-conditioned cubicle in the main shop building indicated that a vast improvement could
be achieved.

The Instrumentation Laboratory was completed in February 1950 and may be seen in figure 87. It
was located directly across the street from the main shop for easy access to the Preflight Jet. The
building was 84 feet by 152 feet, and was divided equally between radar and Preflight Jet operations
areas. It was about 30 feet high and was generally similar to the main shop in construction. Doyle and
Russell constructed the building under contract NAw-5670, for a cost of $228,890.

In this period, the storage capacity for fuel oil on Wallops Island was expanded from 15,000 gallons
to 75,000 gallons, by adding two 30,000-gallon steel tanks mounted above ground on concrete saddles,
and surrounded by a concrete overflow dam. The two tanks supplemented the original five 3,000-gallon
earth-covered tanks. The new installation was performed by Doyle and Russell as Project 827 under
contract NAw-5650, approved July 19, 1948. The work was completed in September 1949 for a cost of
$23,885, financed from general operating expense funds.

HELIUM GUN

Paul E. Purser, head of the General Aerodynamics branch of PARD, was continually on the lookout for
ways of expediting the flight model programs. He spearheaded the E2 drag program and the E5
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FIGURE 87. Aerial view of shop area in April 1950, showing new Instrumentation Laboratory and oil storage tanks.

control program, in which hundreds of models of each type were launched. When a piece of equipment
capable of propelling small models to transonic speeds was declared surplus at the Langley Laboratory,
Purser seized upon the opportunity of launching even greater numbers of drag models by moving the
equipment to Wallops. He assigned David H. Michal the task of working out the details.

The equipment at Langley had been called the “Free-Flight Apparatus” and had consisted of a gun
in which lightweight wooden models were propelled to transonic speeds by a charge of compressed
helium. At Langley, the gun fired into a long cylindrical tank which had four windows with
shadowgraph equipment that enabled making observations of the test models in flight. The 100-foot tank
limited the test period to essentially a single speed in each test, and the difficulties encountered in the
program were such that the project was cancelled in November 1949.

Purser and Michal proposed that the propulsion part of the apparatus and the shadowgraph units
be moved to Wallops and located on the existing 400-foot launching ramp. The models would be
launched in free flight just above the ramp, along which the four shadowgraph units would be
mounted. The high-voltage equipment needed to provide the high-intensity spark for the shadow-
graph was to be located in the Instrumentation Laboratory (ref. 1).

The proposal was approved by F. L. Thompson on January 5, 1950, and by NACA Headquarters
on March 28, 1950, as project 999, for a cost not to exceed $5,300. The proposal sent to NACA Head-
quarters stated that initially the apparatus would be used only with Doppler radar tracking to provide
velocity and drag data, as in the E2 program. Later, the apparatus would be located near the 400-foot
ramp for supplementary shadowgraph studies. Actually, the apparatus worked out so well as a simple
device to measure drag that it was never moved to the launching ramp.
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The apparatus at Wallops was officially named the Helium Gun, but at times it was called the
“popgun.” In figure 88, it is shown mounted behind the Doppler radar. Operation and maintenance
were assigned to technician Waldorf Roberson who, as an old artilleryman, was pleased that he now had
a gun of his own to look after.

The Helium Gun consisted of an insulated steel storage tank 4.5 feet by 10 feet, which contained
the heated and pressurized helium, a breech assembly, a quick-acting valve, and a 6-inch steel barrel
25 feet long. Michal calculated that when charged with helium at 200 pounds per square inch and a
temperature of 500 degrees F, the gun would be able to propel a model and cradle weighing 2 pounds
to a Mach number of 1.6. Such models would provide data at Reynolds Numbers comparable to those
of the Ames 6-foot supersonic tunnel and would cover the transonic speed range as well. In figure 88,
the gun is shown on a steel frame elevated for launching. Later, wheels were added to the lower bed,
and the gun was tbwed to the air-conditioned storage area of the Instrumentation Laboratory when
not in use. % '

The first firings from this gun at Wallops were made on August 2, 1950. The test models were
supported within the barrel by a balsa sabot and were accelerated by pressure acting on a plywood
pushplate. Some development was necessary before acceptable test results could be obtained, but by the
end of the year the Helium Gun was in regular use at Wallops. Most of the models flown were simple
bodies of revolution with stabilizing fins, but a few had small wings in addition, and some even carried
small internal rocket motors to provide higher speeds. Before the gun was abandoned in 1959, over 400
test models were launched from it.

NEW ROCKET MOTORS

In June 1949, Langley personnel learned of a new rocket motor being developed by BuOrd Naval
Ordnance Test Station (NOTS) under the designation HPAG (High Performance Air to Ground).
NACA Headquarters attempted, without success; to obtain a supply of these motors..In April 1950, it

FIGURE 88. Wallops Helium Gun elevated for firing along axis of Doppler radar. Technician Waldorf Roberson inserts a test
model in the opened breech, August 2, 1950.
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was learned that difficulties with the propellant had caused NOTS to postpone placing the motor in
production. Later, the propellant problem was overcome and the NACA was able to obtain some of the
motors. They were not available in quantity at first, and the NACA had to furnish the metal cases and
nozzles for those to be used at Wallops. The propellant grains were furnished by NOTS.

The HPAG rocket motor was smaller than the Deacon but had about the same efficiency. It used a
double-base propellant with internal burning, as did the Deacon. It was 5 inches in diameter and 70
inches in length, and weighed 66 pounds, including 40 pounds of propellant. The thrust was 2,830
pounds for 2.7 seconds. This motor was used as either a booster or sustainer in various rocket model
programs, as will be discussed later. The first flight test of an HPAG motor at Wallops was made on
December 20, 1950.

The 5-inch HVAR motor was a standard booster motor for many small models at Wallops. As an
interim measure to obtain a more powerful, yet inexpensive, booster for such models, a special motor
was devised by the PARD rocket propulsion section under J. G. Thibodaux. Initially, a motor case from
an HVAR motor was cut in half and welded to a full-length case to make a so-called “1-1/2” HVAR.
The propellant grain was likewise modified. Later, new steel tubing was obtained, of the proper length
to eliminate the welding operation; but the propellant was still made from standard HVAR grains. The
motor was then called the 65-inch HVAR. It weighed 90 pounds with 37 pounds of propellant, and
gave a thrust of 7,300 pounds for 1.0 second. This motor was used principally in the E5 control
effeetiveness program.

A high-performance motor of small diameter was needed to obtain higher speeds with such models
as those used in the E7 airplane stability program. On July 13, 1948, Thibodaux visited NACA Head-
quarters and the Army Office of the Chief of Ordnance to discuss the possibility of developing two new
motors that would contain the Thiokol-base propellant developed by California Institute of Tech-
nology (CIT) (ref. 2). Thibodaux had learned of the new propellant during a visit to CIT in June 1948.
The motors desired were to be 4 inches in diameter and 55 inches in length. One was to produce 1,000
pounds thrust for 4 seconds, and the other, 2,000 pounds for 2 seconds. The longer burning motor was
planned as an improved replacement for the Cordite motor. On September 21, 1948, Langley officially
requested NACA Headquarters to ask the Army and CIT to develop these motors, with the NACA
furnishing all metal parts. NACA Headquarters complied with Langley’s request on October 12, 1948.
On December 17, 1948, the Army agreed to have these motors developed, but by the Elkton, Maryland
plant of Thiokol Corporation, under the technical guidance of the Ordnance Department instead of
that of CIT. Development was finally undertaken by the Redstone Division of Thiokol at Huntsville,
Alabama. These motors, the first polysulfide-propellant rocket motors to be developed for Wallops use,
were officially designated T44 jato 5KS-900 and T45 jato 2KS-2000. The Army asked the NACA to
transfer $24,990 to cover development and delivery of 30 motors of each kind.

Development of the T44 motor was completed in April 1950, and it was added to the Wallops
inventory. The first flight test of a T44 motor was made at Wallops March 2, 1951. Continued difficulty
with ignition of the higher thrust T45 motor finally resulted in its cancellation.

From the beginning, PARD had been unsuccessful in attempts to obtain liquid-fuel rocket engines
for its propulsion needs. The inherently higher performance potential possessed by liquid fuels caused
PARD to reevaluate the availability of such engines during this period. The most promising such motor
of the size suitable for PARD use was the British Typhoon liquid-fuel rocket. Eight of the rockets were
obtained through Navy BuOrd for evaluation purposes. The Typhoon rocket was 4 inches in diameter
and 75 inches in length, and weighed 52 pounds, including 24 pounds of propellants. It developed
1,900 pounds of thrust for 2 seconds. The propellants were nitric acid and aniline. Static test firings of
three of these motors were made in the new Rocket Test Cell at Wallops, as shown in figure 89. In one
test, a propellant leak resulted in a fire that engulfed the entire test cell. No further attempts were made
to adapt this motor to Wallops’ needs.

SECURITY AND EXCLUSIVE FEDERAL
JURISDICTION

One of the advantages of Wallops Island as a flight test station was its inaccessibility. The NACA con-
trolled the southern boat channel, and Navy personnel guarded the boat dock at the northern end of
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FIGURE 89. Propulsion technician Carl G. Baab readies British Typhoon liquid-rocket motor for firing. Rocket is shown in
Wallops rocket test cell, June 6, 1951.
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the island. In the beginning, the existence of the NACA station on'the island was considered
confidential, but soon afterward only the models of specific military airpldnes and missiles were classi-
fied. All data obtained from the flight tests were classified, but the original test records were not because
they could not be interpreted without the calibration data available only at Langley, where data
reduction and analysis were conducted. '

Security of classified models was maintained by restricting the assembly and launch areas and the
Preflight Jet to employees having a need to be there, as well as providing appropriate clearance. In
some cases, when more than one classified model was at the island, any manufacturer’s representative
would be restricted to the area in which his model alone was being prepared.

At the request of H. J. E. Reid, Langley Director, in July 1950, R. L. Krieger outlined the security
situation as it existed on Wallops Island (ref. 3). No one was allowed to visit the island without prior
approval and any visitor was limited to the areas covered by the approval. The Engineer-in-Charge took
the responsibility for seeing that such visitors did not violate this approval. At night and on weekends,
guards were on the island and any unauthorized person was challenged. In addition, all buildings were
kept locked when not in use.

Contractors and contractor personnel were not allowed in restricted areas and their activities were
under the constant surveillance of the Resident Engineer and his staff. Contractors were not allowed to
bring anyone to the island on their boats without prior approval.

The overall security record at Wallops was very good from all standpoints: espionage, sabotage,
and theft. On the night of March 22, 1952, however, the guards on the island were surprised by what
appeared to be an invasion from the sea. At 1:30 a.m., a boat came ashore below the south camera
station. It turned out to be a fishing trawler from Atlantic City, New Jersey, the Captain Swann, under
the command of Captain Burt Whitaker. The crew had apparently mistaken the Wallops lights for the
Chincoteague Inlet. The Coast Guard removed the crew at 4:45 a.m., but the boat was a total loss. A
second unannounced visitor arrived by air on August 8, 1952. A light airplane used to spot schools of
fish in nearby waters was caught in a rain squall and was forced to land on the beach. The pilot was able
to take off in about 40 minutes without any trouble.*

In April 1950, the question arose in NACA Headquarters as to whether the NACA should obtain
exclusive jurisdiction over Wallops Island from a criminal as well as a security standpoint. As pomted
out by J. F. Victory, Executive Secretary of the NACA, with exclusive Federal jurisdiction, crimes
involving injury to individuals or loss of private property on the island would be investigated by the FBI
rather than by local police and would be tried in Federal courts rather than in local State courts. The
principal advantage would be that there would be no question of having to permit local police to enter
areas where highly classified material might be located.

H. J. E. Reid, Director of Langley, was of the opinion that such exclusive jurisdiction would not be
desirable, and recommended to NACA Headquarters on May 11, 1950, that no action be taken; but he
did ask Krieger to discuss the situation with local Eastern Shore authorities. On May 17, 1950, the local
circuit judge, trial justice, Commonwealth Attorney, and sheriff, accompanied by the State senator, State
delegate, and County treasurer, visited Wallops-Island at the invitation of Krieger. The County and
State officials said they had no objection to the NACA’s seeking exclusive jurisdiction, but they pointed
out that help would be available much more quiekly from the sheriff’s office than from the FBI. Also, in
case of any trial involving Wallops employees as witnesses; a local court would be more accessible than
the Federal court in Norfolk. The officials stated further that they would certainly cooperate in con-
nection with any matter involving classified material. This meeting was helpful in cementing relations
with local officials, and Krieger recommended to Reid that no further action be taken.

ATTEMPTS TO ESTABLISH A WEST COAST
AERODYNAMIC TEST RANGE

The success of PARD wn:h its rocket-model ﬂlght program a

ther T ng s-to c0n51der :

duplicating the system. Most of the ranges had SCR-584 or similar trackmg radars-and had- pr0cured -
Sperry Velocimeters cooperatively with-.the NACA; but the mission of these ranges was generally '

1. Based on Daily Log on file at Wallops.
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developmental flight testing of actual missiles as opposed to research with models. One exception to this
was the Naval Air Missile Test Center (NAMTC) at Point Mugu, California.

In the early deliberations concerning location for the NACA missile station, it was felt that it would
be desirable to locate such a station on a Navy range. When, in December 1944, the NACA heard that
BuAer might locate a missile development station at Cherry Point, North Carolina, first consideration
was given to locating the NACA range there. Soon afterward, however, the Navy decided on a
Southern California location; and other considerations, as discussed earlier in Chapter 2, led to the
selection of Wallops Island by the NACA. In March 1945, Captain H. B. Temple, USN, suggested that
the NACA locate its base at the new naval missile station in California, later to be deslgnated NAMTC.
Dr. Hunsaker, Chairman of the NACA, replied that the NACA “preferred a site near the NACA
Langley Field laboratory” (ref. 4). -

The first missile was launched from NAMTC, Point Mugu, California, in January 1946. By 1950,
the station had acquired some personnel with NACA research experience who persuaded BuAer to
authorize the initiation of a new program entitled “Aerodynamic Free-Flight Testing.” Two of the
personnel involved were Robert S. Swanson, formerly a section head in the Langley Stability Research
Division, and N. Mastrocola, a former employee of PARD. Mastrocola visited Langley on June 27, 1950,
and informed PARD that NAMTC was planning to copy PARD techniques used at Wallops for missile
testing. This was just a beginning of a series of visits to PARD by Mastrocola or Swanson to obtain
details of all techniques used, including copies of drawings of typical systems. BuAer officially
acknowledged the“valuable assistance of PARD in this regard, in their request of August 7, 1950, for
drawings of control-pulsing mechanisms. ,

The NAMTC program got off to a good start, and many articles were published describing the
techniques that were to be used. As time went by, however, the promises failed of realization, and the
aerodynamic test program was canceled. One phase of the program, tests of models of the Grumman
Rigel missile was canceled in October 1953, and BuAer offered to give all of the models and related
equipment to the NACA with no strings attached. The offer was accepted because of the unique
control-pulsing system employed, but little use was made of it.

Soon after the NAMTC program was canceled, Dr. Allen E. Puckett of Hughes Aircraft Company
recommended to the NACA that a facility similar to that at Wallops be established on the west coast.”
The NACA replied that it would be improper for the NACA to duplicate the Wallops facility else-
where.? Several proposals by the NACA Ames Laboratory at Moffett Field, California, to embark on a
rocket-model program with launchings from NAMTC were rejected by the NACA for the same reason.

WALLOPS PHOTOGRAPHY AND THE
HULCHER CAMERA

The need for good photographic coverage of rocket-model operations at Wallops was recognized from
the beginning. Complete documentary pictures were even more important in its work, because, unlike
the situation in wind-tunnel testing, the model was no longer available for examination after the test
was over. In addition, events took place so rapidly during the test that high-speed photography was a
necessity. :
In the early days, photographers from the Langley Photographic Division were sent to Wallops for
each flight operation; but by 1946 three photographers had been assigned to the PARD Operations
Section, which was headed by Charles A. Hulcher. Of the three, John H. Rumer was stationed at Wallops,
while the other two, Numa E. Thomas and Robert D. Collie, were stationed at Langley but traveled to
Wallops during operations. Additional photographers, when needed, were still borrowed from the
Langley photographic laboratory. On February 9, 1949, Donald S. Foster was transferred from Langley
to Wallops to head the photographic unit there. His duty at Langley as a motion picture photographer
had begun on September 29, 1941. After Foster’s transfer, the need for Langley photographers at Wal-
lops decreased, but Collie continued to travel there to assist with the tracking cameras during flight tests.

2. Letter from Dr. Allen E. Puckett, Hughes Aircraft Company, to Ira H. Abbott, Assistant Director, NACA, October 23 1953,
regarding establishment of a PARD-type facility on the west coast.
3. Letter from Ira H. Abbott to Dr. Allen E. Puckett, regarding duplication of Wallops facility on the west coast.
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The processing of the exposed film was a major operation. All color film had to be sent to special
processing centers, but all black and white film was processed either at Wallops or at Langley. Rolls of
photographic paper were normally processed at Wallops. Black and white negatives of photographs
from still cameras were numbered serially as a part of the Langley photographic system and were filed
there. Prints of these photographs were usually made by Langley on demand. The 16-mm color motion
picture film, after processing, was filed at PARD and used in the preparation of documentary film, as
well as in analysis of rocket-model operation. All of the remaining film was considered as technical data
and turned over to the engineer in charge of each project.

Approximately 2,000 feet of film were used in each major flight operation. The Doppler radar data
were recorded on high-speed 35-mm motion picture film, and the telemeter data were recorded on
rolls of wide photographic paper. The SCR-584 radar yielded 35-mm motion pictures from its bore-
sighted top camera and from the cameras photographing the special data boxes. The spinsonde
recorder also yielded film requiring processing. All of these records were in addition to the many
motion picture, still, and sequence cameras used in the flight operation, particularly in tracking the
models in flight. The Preflight Jet also turned out many rolls of oscillograph paper, shadowgraph film,
and motion picture film requiring processing. The PARD Operations Section at Langley was charged
with obtaining the needed equipment, such as cameras and special processing facilities, as well as
serving as a control center for all the records coming to Langley from Wallops. This meant not only the
ordering of available equipment but also the designing of special equipment not available on the
market. One such item was a special piece of equipment for processing 1,000-foot rolls of 35-mm film.
The equipment was devised by Hulcher and Thomas and constructed in the Langley shops.

Many still photographs of each model and any unique component were made at Langley prior to
shipment to Wallops. At Wallops, photos were made of the model and booster on the launcher and
during different stages of assembly. Still cameras were also used for such routine purposes as recording
construction progress on new facilities, photographing special visitors, recording accident damages,
and photographing any special research equipment or installation.

The most demanding photographic operation was tracking photography, i.e., the photographing
of the rocket model and booster from the time just before launch to the end of the flight. The problem
was severe because the rocket models were launched with high acceleration, normaly 10 to 50 times the
acceleration of gravity, and the most vital period might be during the first second. Such photography
was desirable for documentary purposes, but it was frequently the only source available for analysis of
failures in flight. For example, after a particular failure, ground observers might report that a model
exploded or simply went all to pieces. Corrective measures to prevent the same occurrence in the next
test were difficult to take from only this evidence. Good tracking pictures, however, might show that the
initial failure had been the result of flutter of a tail surface a fraction of a second before total
disintegration.

The first tracking cameras used at Wallops were Eastman Kodak 16-mm Ciné Special cameras for
color photography, and Mitchell 35-mm motion picture cameras loaded with black and white film.
Later 16-mm Mitchell cameras were also used. Two cameras of each size were usually positioned in the
launch area as a fixed point of photography. These motor-driven cameras were started and stopped by
the automatic programmer in the Control Center. Two additional 16-mm cameras and one 35-mm
camera were mounted on tripods a safe distance from the launch area and were operated by the
tracking photographers in a “panning” movement during the flight. The photographer started the
cameras at about minus 5 seconds in the countdown heard through the intercommunication system
headset.

Successful operation of the tracking cameras was very much of an art. Quick reaction time on the
part of the operator was essential, and the ability to anticipate events was even more valuable. After a
successful tracking operation had been completed and the developed film was projected on a screen,
the problem did not appear too difficult; but when it was realized that the projected images had been
slowed by a factor of 4 or more, the real magnitude of the task was appreciated. Rumer and Collie
usually operated the 16-mm cameras while Foster handled the larger cameras. The cameras were
equipped with special optical sights, but it was said of Rumer that he swung the camera along the flight
path more by instinct than by sight.
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At first, the tracking cameras were mounted on standard tripods down the beach from the launch
area. Later, the tripod head was mounted on a single pipe support and a bicycle handlebar type of
control was added. This modification was the suggestion of Rumer who is shown in figure 90 operating
one of these supports with a Mitchell 16-mm camera mounted on it. Sockets for the central pipe support
were set in concrete in various locations in the area. Still later, the tracking cameras were located either
on the roofs of buildings nearby or on the roofs of special camera stations. It was found that better
pictures were possible when the camera was above the ground haze. (See figure 91).

In August 1954, two Mark 51 gun directors, obtained from NAOTS, were modified for use as
mounts for tracking cameras. Several cameras were mounted side by side on the gun director, and a
single operator could then handle several cameras at once. (See figure 92).

The 16-mm and 35-mm motion picture cameras provided excellent coverage of general flight
operations; but in case of failures, larger images and better resolution were desired. The first attempt to
obtain large pictures of launch events was made with Fairchild K24 aerial cameras of the type shown
in figure 93. They were set up as fixed cameras in the launch area. The K24 took pictures 5 inches by 5
inches but was able to take only three sequence pictures per second. With the high acceleration of the
models, events happened too quickly, and many more pictures were needed for failure analysis. This
problem is illustrated by figure 94, which shows that only a single picture of the complete model was
obtained after it left the launcher. The model acceleration in this case was 10 g.

,;;.

FIGURE 90. Photographer John Rumer operates Mitchell 16—mm motion-picture camera on special tracking mount at
Wallops, July 1952.
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FIGURE 92. Photographer Donald S. Foster tracks a missile in flight, July 1952. A modified gun director serves as a tracking aid.
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FIGURE 93. Photographer Robert D. Collie adjusts a Fairchild K24 sequence camera in launch area at Wallops.

FIGURE 94. Lau.nch of RM— 1 missile, as photographed with fixed Fairchild K24 sequence camera (missile acceleration, 10 g;
camera speed, three frames per second).
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Realizing the need for a higher speed sequence camera of about this size, Hulcher, in January
1948, conceived a design for a new type of camera. His design, later to be known as the Hulcher
camera, used the existing K24 camera lens and 70-mm motion picture film, with a capability for taking
pictures 5 inches long at the rate of 17 per second. A simple modification allowed pictures 2.5 inches
long to be taken at a rate of 35 pictures per second. Hulcher was assisted in the development of this
camera by Numa E. Thomas. Drawings of such a camera were made at Langley in July 1948, and a
prototype was constructed in the Langley shops in October 1948. Its first use in photographing a model
in flight was at Wallops on January 20, 1949.

Figure 95 shows Don Foster using the first Hulcher camera as a tracking camera. Normally, the
2.5-inch pictures were taken when the camera was used for tracking, and the 5-inch pictures were taken
when the camera was fixed near the launch area. When the camera was used for tracking, it was located
farther from the launch area and longer focal-length lenses were used. (See figure 96.)

The sequence of pictures of a model in flight, shown in figure 97, was taken at Wallops with the
first Hulcher camera in a fixed position. The acceleration of the model was approximately 40 g, and the
camera speed was 17 frames per second. Fifteen pictures of the model were taken before it left the field
of the camera. The first eight of these are shown in the figure. The resolution of pictures taken with the
Hulcher camera was usually high enough to allow enlargement of model components at failure, to assist
in establishing the cause of failure.

FIGURE 95. Photographer Donald S. Foster operates first Hulcher sequence camera at Wallops. Camera is shown mounted on
tracking tripod.
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The Hulcher camera had two unique design features: the film transport mechanism and the
shutter. The film was moved through the camera by a mechanism that provided continuous rotation, as
opposed to the intermittent stopping and starting customary in most movie cameras. Of course, the
portion of the film being exposed at a given time was stopped in front of the lens but the following film
from the storage reel formed a slack loop during this time period. After exposure, the film was pulled
past the pressure plate and the slack was taken up by the “beater” action of a rotating crank geared to
the rotating shutter for synchronization. The camera utilized two shutters rotating in the same
direction, one four times the speed of the other. This arrangement gave high motion-arresting ability
and high shutter efficiency.

In October 1949, E. G. Crofut, an official of Aerolab Development Company who had seen the
camera during a visit to Langley, wrote to Hulcher and made a proposal to manufacture the camera for
commercial use under a royalty agreement. Hulcher declined the offer but did apply for a patent to
protect the Government’s interest. First, application for a patent was made through the usual NACA
channel for such actions—the Office of Naval Research. When this action proved to be too slow,
Hulcher, with NACA and ONR approval, employed private counsel in January 1950, to obtain a
patent. On January 13, 1950, Hulcher’s counsel advised him that the transport mechanism on which a
patent was desired could not be patented because “prior art anticipated the structure disclosed.” No
further patent action was taken by either the NACA or Hulcher at this time.

After the experimental version of the camera had been used at Wallops for some time, the Langley
Engineering Division was requested to design an improved version incorporating changes found
desirable during the trial period. Hulcher was dissatisfied with the progress made by this design group
and independently revised the design in his spare time, employing an outside contractor to construct
the components which he then assembled. The first such new design of the camera was purchased by
Langley for use at Wallops, and the design project underway at Langley for a different version was
canceled. Hulcher had more of these cameras constructed, and started the development of a 35-mm
camera of the same general type.

On March 15, 1954, Hulcher resigned from the NACA to devote full time to the camera business.
Hulcher cameras were procured by all the missile ranges for tracking operations; and, in addition,
many other applications were to be found. Among these were films of spectacular sports, and publicity
photographs for newspapers, magazines, and advertising agencies. At Wallops, the cameras were used
both as fixed cameras and as tracking cameras during a launch. They filled a void at the time and were
to provide valuable photographic coverage at Wallops for the years ahead.

NAVY SPERRY-DOUGLAS SPARROW
GUIDED MISSILE

The first supersonic air-to-air guided missile developed by the Navy Bureau of Aeronautics was the
XAAM-N-2 Sparrow I. The program was established by former Langley researcher, Marvin Pitkin,
after he transferred to BuAer on January 5, 1947. He had been the PARD project engineer on the
RM-1 research missile and, later, a PARD section head. The Sparrow I was the first missile to be
developed under the complete systems concept. For his efforts in this and other Navy guided missile
programs, Pitkin received the Meritorious Civilian Service award from BuAer in 1955.

According to Pitkin, “We did indeed utilize Wallops to give us our early aerodynamic information
in flight; and the Sparrow I program, in fact, incorporated a good deal of the lessons that we learned in
the early Wallops programs, RM-1 et al.”™

The Sparrow missile was to be the mainstay of the Navy—and later of the Air Force—for many
years.

The Navy assigned highest priority to the Sparrow missile. Sperry Gyroscope Company was the
prime contractor on Sparrow I and Douglas Aircraft Company was the subcontractor for the airframe.
Most of the contacts at Langley with the manufacturer were with representatives of Douglas, since the
Langley program involved airframe aerodynamics.

4. Letter from Marvin Pitkin, Navy Joint Surface Effect Ships Program Office, to Joseph A. Shortal, December 8, 1967.
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One of the first contacts made by BuAer for outside assistance on the Sparrow missile was to
/propose an extensive test program at Wallops Island. By December 1947, the general plans for these
tests had been completed. A series of 19 missiles was proposed for a study of roll-control and hinge-
moment characteristics of the all-movable wings, and the effect of body shape on total drag. In an
attempt to attain speeds of Mach 2, the Wallops models were designed to have an internally mounted
Deacon rocket motor. This necessitated that the models actually be larger than the full-scale missile by a
factor of 9 to 8. For example, the bodies of the models were 9 inches in diameter instead of the full-
scale 8 inches. Model construction was the task of the Naval Aircraft Factory, Philadelphia, Pennsyl-
vania. On December 31, 1947, Pitkin telephoned PARD chief, Gilruth, that BuAer was obtaining 20
Deacon rocket motors for use in this flight program.

BuAer officially requested the PARD program on April 1, 1948, and the NACA issued RA 1503 on
May 10, 1948, to cover the work. (In 1951, this RA was changed to A221.44 under a new system.)
Carl A. Sandahl was assigned as project engineer at the beginning. Later, he was joined by James R.
Hall, who took over the project after it was underway. The project was designated E100 at PARD.

The first model was launched at Wallops on August 19, 1948. It is shown in figure 98 on the mobile
launcher.

Eighteen of the nineteen models supplied by BuAer were flown: five in 1948, six in 1949, four in
1950, two in 1951, and one in 1952. The remaining model was returned to the Navy. Of the eighteen
flown, twelve were successful. Of the six failures, four were structural and two were associated with the
telemeter. In addition to the originally planned measurements of roll effectiveness, hinge moments,
and drag, measurements of dynamic longitudinal stability and control were determined, with two of the
models modified by the addition of control-pulsing mechanisms. In addition, one wingless model was
diverted to the RM-10 skin friction program, as will be discussed later with that program. A small
complete model was added to the program to determine damping-in-roll by the E14 technique. During
1948, two uninstrumented development models, constructed at Langley, were flown to solve early
booster problems. :

FIGURE 98. Model of Navy Sperry-Douglas Sparrow guided
missile (9/8-scale) with internal Deacon rocket motor. Model is
shown on launcher at Wallops.
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The models supplied by BuAer were about 12 feet long and weighed 200 pounds without the
sustainer rocket motor. They were flown first with only a Deacon sustainer motor, and reached a Mach
number of 1.8 (See figure 98.) Later, an HVAR booster, as shown in figure 99, was added to increase
the Mach to 2.2. In later tests in which a pulsing mechanism was added, the internal Deacon was
replaced with a 65-inch HVAR motor, and a Deacon booster was used, as shown in figure 100.

As may be seen in the photographs, the Sparrow had an ogival nose followed by a cylindrical body
that ended in a short boat-tailed section. Four fixed 45-degree delta fins were at the rear of the body.
The missile had four 60-degree delta wings all-movable for lateral, longitudinal, and directional
control. In operation, the missile was designed to have a continuous low roll rate and a special internal
intelligence system that directed the proper wing settings for any required maneuver. The need for a
roll stabilization system was thereby avoided.

Six models were flown successfully in the drag program. Two nose fineness ratios, two wing-
thickness ratios, and wingless models were tested (ref. 5). The tests showed that increasing the fineness
ratio of the nose from 5.0 to 6.25 reduced the drag about 10 percent. Increasing the wing-thickness
ratio from 3 percent to 4 percent almost doubled the drag contribution of the wing. The remaining
tests were made with the nose of 6.25 fineness ratio and the wings of 3-percent thickness.

One model was flown to determine lateral control effectiveness of the wings deflected differentially.
Each of the four wings was set at 3 degrees to produce roll. The internal Deacon rocket motor was
equipped with four small canted nozzles that provided a roll torque as well as a thr