Pioneering American Rocketry:
The Reaction Motors, Inc. (RMI) Story,
1941-1972

by
Frank H. Winter and Frederick 1. Ordway, 111
with
James H. Wyld, John Shesta and Philippe Cosyn

Rick W. Sturdevant, Series Editor

AAS History Series, Volume 44

A Supplement to Advances in the Astronautical Sciences



Copyright 2015
by
AMERICAN ASTRONAUTICAL SOCIETY
AAS Publications Office

P.O. Box 28130
San Diego, California 92198

Affiliated with the American Association for the Advancement of Science
Member of the International Astronautical Federation

First Printing 2015

ISSN 0730-3564

ISBN 978-0-87703-619-7 (Hard Cover)
ISBN 978-0-87703-620-3 (Soft Cover)

Published for the American Astronautical Society
by Univelt, Incorporated, P.O. Box 28130, San Diego, California 92198
Web Site: http://www.univelt.com

Printed and Bound in the U.S.A.

v



Contents

Foreword
Introduction and Acknowledgments .

Sketches of the Founders .
Lovell Lawrence, Jr.
James Hart Wyld .
John Shesta

Hugh Franklin Pierce .

Chapter 1. The Roots of RMI:

James H. Wyld and His Regeneratlvely Cooled Rocket Motor
Introduction .. e
Background
Childhood . . .

Wyld’s Introduction to Rocketry

Background of the Regenerative Motor . ..
Goddard’s Regeneratively Cooled Rocket Motors .
The Evolution of Wyld’s Regenerative Cooled Motor .
Toward the Construction .

The Motor Tests . .

Formation of Reaction Motors Inc

References and Notes .

Chapter 2. Reaction Motors, Inc.: A Memoir, by John Shesta
Introduction . .
The American Rocket Soc1ety (ARS)
Earliest Years of RMI. .
Early Success Developing JATOs
JATO Flight Tests.
Work Towards the 6000C-4 for Bell X 1
Viking and other Later Rocket Engines .
RMI becomes Reaction Motors, Division of Th10kol
References and Notes .

X

Page

vii

11
15
19

29
29
29
30
31
34
36
37
40
42
50
55

59
59
59
61
65
71
72
74
77
77



Chapter 3. Reaction Motors, Inc.: A Corporate Hlstory, 1941-1958

Introduction . .

Founding the Enterprlse

The Four Founders .

The JATO Endeavor .

Early Expansion

Rocket Companies Make Poor Nerghbors
Move to Lake Denmark

The Rockefeller Connection .

The Olin-Mathieson Arrival on the Scene
The Thiokol Merger

References and Notes

Chapter 4. Reaction Motors, Inc.: Projects, 1941-1958.

Introduction .

JATOs . :

Principal Power for Alrcraft—Rocket Planes .

Test and Sounding Rockets, and also Early Missile Power Plants
Lark LR2-RM-12 and XLR-6-RM4 Engines
MX-774’s XLR-35-RM-1 Engine
The Viking XLR-10-RM-2 Engine

Other Important Developments .

Miscellaneous Projects

References and Notes

Chapter 5. Reaction Motors Division: A Corporate Hlstory, 1958-1972 .

Introduction . .

Transition from RMI to RMD .

Division Management

Facilities

Division Capablhtles

Project Developments . . .
Propulsion for X-15 Research Arrplane .
Packaged Liquid Rocket Engines for Small Mlssrles
Sparrow III . e e
The Bullpup .
Corvus Air-to-Surface Mrssﬂe .
Missile A/Missile B/Lance Activities
Condor Air-to-Air Missile.
Supporting Work .
Small Vernier and Attitude Control Rockets
C-1 Common Engine . .
The NERVA Nuclear Rocket PrOJect

Page

79
79
80
&3
86
87
88
88
92
95
98
100

103
103
103
112
115
116
117
121
125
127
136

139
139
140
142
143
146
147
148
149
149
150
151
151
152
153
155
157
158



Steam Generators .

Components

Other Projects .

Other Activities .
The Evolution of the Division’s F ortunes .
The End
References and Notes

Other Sources .

Chapter 6. Reaction Motors Division: Projects, 1958—1972
Introduction . Ce e
Sparrow III
Bullpup .o
Corvus and Condor .

The X-15 Engine.

Lifting Bodies .
Surveyor Vernier, TD- 339 .
Conclusion

References

Notes

Chapter 7. RMI’s Most Famous PI‘O_]CCt “Black Betsy,” The 6000C-4
Engine—Part 1 e

Introduction .

Background

The Douglas and Goddard Connectlons

Switch to the XS-1 Project . .

Technical Development of the 6000C 4

Advanced X-1 Aircraft .

References and Notes

Chapter 8. RMI’s Most Famous Project: “Black Betsy,” The 6000C-4
Engine—Part 2 e

Introduction .

The D-558-2 Skyrocket

The XF-91

The MX-774 .

Miscellaneous Early 6000C 4 PI‘O_]CC'[S

The X-15 . .o

Lifting Bodies
Sonic Wind

References and Notes

Xi

Page

158
159
160
161
165
167
169
169

171
171
172
176
180
182
189
191
194
197
200

203
203
203
208
211
213
234
237

243
243
244
248
251
253
254
258
260
261



Chapter 9. Last Major Triumph: The XLR-99 Rocket Engine .

Introduction .

Laying the Background

The XLR-30 . . .
X-15 Engine Competition Results .
XLR-99 Growing Pains .

Flight Status and Post-Script
References and Notes

Chapter 10. The Liquid- Propellant Rocket by James H. Wyld.

Introduction .
Background
Other Early Proposals

Goddard’s Experiments with L1qu1d Propellants .

Rocket-Propelled Automobile Experiments
German Army Takes Over Experimental Work
V-2 Rocket Comes into Being .

Details of the A-4 Motor

Development of the American Rocket Somety
Reaction Motors Firm Organized .
Multi-Cylinder Rocket Engine for Alrcraft
German Hydrogen-Peroxide Motors

Trends in Rocket-Motor Research .
Rocket-Motor Structural Problems .

Research Required in Fuel Injection

Modern Propellants Needed .

Speculation on Nuclear Energy as Power Source .

References

Appendix 1. Typical Early RMI Rocket Motors
(Arranged by Dates of Uses)

Appendix 2. Reaction Motors, Inc./Reactions Motors Division Artifacts
within the National Air and Space Museum (NASM), Washmgton D.C.

(Status as of 12 December 2014) .

Appendix 3. XLR-11s and XLR-8s in Other Museums
(as of 7 February 2015)

Appendix 4. XLR-99 or Pioneer Motors in Other Museums

(as of 12 January 2015)

xii

Page

265
265
266
269
277
279
286
289

297
297
298
300
300
301
302
303
303
305
307
308
309
309
310
311
312
313
314

315

317

325

328



Back Notes

Index

Chapter 2: Reactlon Motors Inc A Mem01r .
Chapter 3: Reaction Motors, Inc.:

A Corporate History, 1941-1958.
Chapter 4: Reaction Motors, Inc.: Projects, 1941— 1958
Chapter 5: Reaction Motors Division:

A Corporate History, 1958-1972. . .
Chapter 6: Reaction Motors Division: Projects, 1958— 1972 .

Chapter 7: RMI’s Most Famous Project: “Black Betsy,” Part 1 .

Chapter 8: RMI’s Most Famous Project: “Black Betsy,”

The 6000C-4 Engine—Part 2 .
Chapter 9: Last Major Triumph: The XLR-99 Rocket Englne
Chapter 10: The Liquid-Propellant Rocket. .o

AAS History Series

Xiil

Page

331
331

337
350

386
408
415

426
430
433

437
461




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




