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FOREWORD

The Field Survey Report on liquid propellant rockets and pulse jet
engines was prepared at the suggestion of the Policy Committee, in order
that the fundamenlal research in Project SQUID might be related to other
projects and programs of rescarch in this field, and to problems arising in
the development of rocket and pulse jet engine equipment.

In order to fulfill this purpose, the Field Survey Report had to be more
than a brief outline of the work of each contractor, but time did not permit
it to be prepared as a monograph in each branch of the field of propulsion.
The choice of pre.ontation of the work in each volume of the report was gov-
erned in part by the amount of available information, and by its relation to
the research now being sponsored by Project SQUID.

The Policy Committee will use the Field Survey Report as a basis for
adjustments in the research program of Project SQUID, in order to ensure a
more effective attack oil the fundamental problems in the field of propul-
sion. The Policy Committee hopes that this report may also be useful to
scientists conducting research and development in fields relating to propul-
sion, and to members of government organizations responsible for the plan-
ning and integration of research programs in propulsion.

I-uoii S. TAYLOR, Chairman
Policy Committee, Project SQUID
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PREFACE

The Field Survey Report was prepared by the Technical Survey Group,
Project SQUID, under the direction of Engineering Research Associates,
Inc.

The assembly of the material and the preparation of each part of the
report was undertaken as a group effort, to which the staffs of both Princeton
University and Engineering Research Associates, Inc., have contributed.
Mr. F. A. Parker, Project Organizer, and. Mr. W. 0. House, Chief Technical
Aide, of the central administrative staff of Project SQUID at Princeton
served as members of the Technical Survey Group and prepared Volumne II.
In addition, Prof. J. V. Charyk of the Aeronautical Engineering Depart-
uient at Princeton visited the California Institute of Techlology and fur-
nished basic information concerning the research program there. le also
offered many helpful suggestions with regard to several parts of Volume I.

In the preparation of this report the members of the Technical Sirvey
Group have received the assistance, counsel and cooperation of relpresenta-
tires of the W\ar and Navy Departments and other Government agencies,
and of representatives of academic and industrial laboratories who are
under contract to the government for research and development in this field.

The authors are indebted to a number of scientists wh have reviewed
each part of the report and have offered much constructive criticism. The
authors also wish to express their appreciation for the assistance which was
so generously given by representatives of the Office of Naval Research and
of the Bureau of Aeronautics.

ThE TECHNICAL SURVEY GROUP
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* SI'.1IMARY AND RECOJIMENDATIONS

i. INTRODUCTION

'Tile information gathered for the Field Survey Re- symlposium of the specified fields and will indicate the
port on liquid propellant rockets and pulse jet en- scope of the investigation.
gines falls naturally into two divisions, research and 'ho selection and asignent of the authors of the
development, which are treated in Volumes I and It several Parts was based on their previous education
respectively. Volnue I contains a survey of the re- ad experience in scientific fields allied and associated

,earch in progrcss on liquid propelhunt rockets lind with the various plihases of the over-all jet propulsion
pulse jet engines, and Volume II contains a survey research program. The associations developed between
of the developnent and state of the art in those fields. those authors and the research scientists and engi-

It is evident that the work in Volume I will com- neers engaged in performing the work under Project
prise the fundamental research conducted in several SQUID and similar programs provided an opportunity
fields which must be considered as a unit to supply the for a critical examination of the progress being made
knowledge necessary to the sucem-sful development of in research and (levelopment in jet, propulsion. The
tie complete rocket or pulse jet. These basic fields opinions expressed by the people interviewed during
of research covered in Volume I consist of six parts: the Field Survey and by the scientists who reviewed

1. Combustion, the final drafts of the reports were assemlled for study
2. Fuels, and incorporation in the Reomnmendations Section of
3. Materials, each report. The authors of the reports, in the course
4. Fluid Mchanics, of the study of the nmaterial gathered during the inter-
5. Ieat Transfer and Cooling, rogations and the assembly and reduction of that in-
6. Instrumentation. formation in the comprehensive volumes, also discov-

Volume 11, Development, is given in two parts: ered failures in the present program to meet specific
1. Pulse Jet Engines, needs. The Recommendations Section therefore con-
2. Liquid Propellant Rockets. sists of a composite of these conclusions. It is hoped

These volumes are reviews of the present research that they will indicate program changes or additions
and development activity and are not intended to be which will produce data and inforiation to meet fit-
monographs on the subjects treated in the reports. ture requirements and improve the present program.
Therefoe, while they cannot be read as text books, From a consideration of the difficulties encountered
they do contain the current information that will be and efforts expended by the Technical Survey Group
found useful to research scientists and engineers work- in obtaining the basic inforlation from which to con-
ing in the several fields. The intention is that they duct tie Survey, it bcame eviden thot there existed

will also serve their original purpose as a source of do e a ur e for ta tee ece-
no easily available procedure for obtaining the neees.

information for the use of the Policy Committee of sary information concerning the contracts ;i force be-
Project SQUID and the Armed Services in planning tween the Army or Navy' and indutrial or university

the research and "uevemlo mieu, program to be spon-. contractors engaged in the research and development
sored by the government in the specific fields of liquid of the jet propulsion systems with which this survey
propellant rockets and pulse jet engines, is concerned. Since this information was assembled

During the period of preparation of the various in the course of the preparation of the Field Survey
parts of the Field Survey Report, it became evident Report, as an adjunct to the main task of conducting
that a compendium or synopsis of the entire report the survey, it was concluded, after consultation with
would be of service to those whose duties include the responsible authorities in the Navy Department, that
planning of the ieneral nation-wide program and to the inclusion of this information would be useful to
those who desired a general picture of tlle present those under whose direction this Survey was per-
status of liquid propellant rockets and pulse jet en- formed. 'ie contractual information will be found
gines but did not require tlle detailed knowledge con- following the Recommendations Section of this volume,
tained in the individual reports. It is hoped that Vol-. and is tabulated both by contractor and by the agency

une III will fulfill this need. under whose sponsorship the work is being conducted.
The Summary is a brief compendium of the con- The first tabulation lists under the name of each in-

tents of Volumes I and If. It will serve as a written dividual contractor, alphabetically, all the contracts

- ~..vs3i y %.-~; j - - - - - ~ 6



SUMMARY AND RECOMMENDATIONS

for research and development in effect for the period serves two distinct purposes. )l that of prosidinig
ending June 1947, held by that contractor under the it simulated flight condition in tihich the exterior and
A\Tar and Navy Departments. The second tabulation is interior aerouynanics of the jet may be studiud, and

divided into groups by sponsoring agencies. Under (2) that of providing it -,ource of high velocity air,
each agency will be found the contracts listed alpha- again simulating flight conditions, for the stud3. of thu.
betically by contractor, combustion cycle of the jet and )re-flight adjustment

A great deal of precaution was taken to cheek the of the burners.
information contained in these tabulations, in an effort A study was made of the facilities of each of the
to imsure the accuraey of the data sumnitted. How- aeademic, industrial, or gverninent laboratories at
ever, it must be recognized that change orders and tie time of the visits by members Of the Technical Sur-
supplements are continuously being written and nego. vey Group. The information thus obtained was
tiated, altering the task assignments, delivery dates, screened for wind tunnel facilities in existence, under
costs, methods of payment, as well as other more o1. construction, or in design. These data were augmented
setre agreements contained in these contracts. The through the assistance of the Aeronautical Board, tie
information, therefore, can be considered accurate up Office of Naval Research and the Bureau of Acrona.
to the time the last investigation was accomplished, tics. Any enhaneemtent in the present program of
the end of the 1947 fiscal year. Project SQUID or formulation of new programs must

One extremely useful and important device in any be governed in part by the available test facilities.
research or development concerned with jet propuls. The tabulation of wind tunnel facilities is therefore
sion is the wind tunnel. The wind tunnel or blower included as Appendix C in Volume III.

L
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SUMMARY AND RECOMM'ENDA'IONS

II. SUMMARY OF VOLUME I

PART 1, COMBUSTION. physical properties, hazardous properties, and availa-

The review of the research work on combustion in- bility. Some of the comparisons with respect to use in

eludes that uinir government spunsorship, and in ad-i a jet motor are based on theoretical evaluations, but

dition, a few projeets under p,i% ate sponsorship where in the cases m here operational data arL. available, such

the informnation has been made public. Brief discus- test results are considered. The upper limits of per-

si ns of the status of knowledge in fields of researchm formnance which can be expected from propellant s3

important to combustion are given, to indicate the tems are indicated.

relation between the outstanding problems and the The entire research and testing program for fuels
present research program. and oxidizers has been classified by subject and the

The quantitative description of the combustion work in progress or contemplated on each subject is

process in terms of the detailed mieehanisnms involved reviewed, with reference in each ce to the xrmiy or
is possible at present only in principle. Before this Navy contract under which the work is conducted.
can be achieved, formidable mathematical difficulties The intention has been to give sufficient detail to mdi-
remain to be solved, and the separate plemnomena i% hich rate the problems and the present status of the work.
are part of the general combustion process must be A great many workers are collecting data oi physi-
investigated experimentally. The present research pro- cal and thermodynamic properties of fuels, oxidants,
gram on chemical kinetics, effect of turbulence on com- and their reaction products not necessarily by labora-
bustion, and cheirical reactions in flowing streams is tory experimentation but often by searching the litera-
particula.ly important in this regard. ture. Maily have also made or collected theoretical
The research on ignitbn of combustible mixtures, performance calculatious on liquid propellants and

normal flame velocity, conditions for maintaining sta- some have made clarts to shorten the calculations.
ble flames in laminar and turbulent flow, and conibus- Some thought has been given to the use of ultra hi it
tion in liquid sprays, is described. It appears likely exhaust velocities by the use of atomic hydrogen or
dnt equations can be developed relating normal flan'e lieliun but little is being done at present experi-
velocity to other observed flame phenomena, impor- mentally on this subject. Hydrogen, lelium, and
tant from bot', the practical and theoretical points o1' steam, heated to high temperatures, have been used in
view. theoretical calculations.

The acoustic vibratons caused by flames and the The possible oxidizing agents have been reviewed in
possibility of using acoustic fields in the study of flame tile report on fuels with comparisons of their merits
phenomena are disessed. and disadvantages and a description is given of work

Some of the combustion work in connection with the that is being undertaken vith respect to their prepara-
design of jet power plants is described to indicate the tion and the study of their properties and stability.
type and scope of the problems of combustion en- Little is being dwne at present on fluorine or its de-
gineering, rivatives.

PART 2, FUELS. In like manner the fuels have been treated, with
The review of fuels didf.usses the basis upon whfich respect to their pioduction, their advantages and dis-

fuels and oxidizers for jet propulsion engines can be advantages, thei" hazards and stability. Under eacli
fuel also, is givem a review of the tests with all theselected, I'rom a consideration of the chiemical prop- t

erties and atomic weights of the chnmical elements oxidizing agents tmat are being con-idered. It mna3 be

which enter into their composition. The objective of noted that little is being done at present with liquid

any selection is to obtain propellants which not only ammnonia. Much work with hydrazine is contemplated

release large amounts of thermal energy but also give when it becomes available. A great deal of work has

low molecular weight gaseous reaction products. In been done with gaboline, alcohols, and mono-ethylani-

this connection the significance of specific impulse is line', and the monopropellants nitromethan and hy-

a basis for evaluating fuels is indicated. There are drogen peroxide.

also included descriptions of the several classes of The small amount of work oi metals is discussed,
fuels and oxidizers, comparisons are made of the rela- as well as the very large program on the boranies and
tive imerits of fuels based upon their specific impulses, borohydrides A hieh is projected for the time m hem the

3



SUMARY AND RECOMMENDATIONS

fuels themselves become available, and Abhich is just %iscusit3 , and coinprebibilit.N arc included in three di-
now getting started. niensions. It is quite apparent that the plhysieal faets

There is also a review of the rather small effort con- relating to this domain will not be adequately ex-

cerned with new fue!s, specifically the coibinationw plained, nor the mathematical equatiolis caily Solhed,
of ammonia and ainines i ith the boranes and brohr - until mathematical computing meelhanihiAs of NcrN
gdridesand the addition of oxidizing agents to hydro- high. speed and of highly ad\ aneed design are em-

gen peroxide. lloyed onl these problems.
in the field of boundary layer investigations, the

PART 3, MlIAq'ERIALS. research in the sul)sonic domain is concerned with stu-
' The review of materials of construction summarizes dies of boundary layer stability and the transition of

the government sponsored research work on metallic a laminar to a turbulent boundary layer. The theory
and ceramic materials suitable for use at elevated and mnechanisin of boundary layer stability appears to
temperatures. In addition, brief discussions are given be well understood in the subsonic velocity region. In
of the fields of research important in connection with tei transonic and supersonic region, the work on
the development of materials, of the present state of boundary layers concerns stability studies and the
lknowledge, and of outstanding problems, interaction of boundary layer and shock waves. Bound-

No criterion exists by which the high temperature ary layer theory for transonic and supersonic veloc-
properties of a material canl be predicted, and hence ities is not well developed; this part of the fluid flo
most of the work on the development of materials must field is one of great importance to the control and
be empirical. To furnish a logical basis for the guid- maneuverability of air missiles.
antce of a research program om materials, a setter The majority of the research on, diffusers and noz-
understanding of the solid state at elevated tempera- zles is directed toward obtaining enough fundamental
tures is important. information for the improvement of diffuser and noz-

The most satisfactory high temperature alloys avail- zle design, especially in the Mach mumber range from
able at present are those developed for use in gas tur- J.5 to 3.5. The current development of missiles for

bines. Further improvement of these alloys may be this speed range demands fundamental information
expected, but the requirements for rocket and pulse concerning compressible flow through ducts. The de-
jet engines are so severe that work on the high melt- velopment and use of hydraulic analogy techniques has

ing point metals not commonly used for construction been concentrated on flow problems in relation to the
is to be emphasized. improvement of diffuser or nozzle design. In only one

Time requirements for resistance to thermal shock project not connected with tlme design of channel
and for strength at elevated temperature have opened shapes is the hydraulic technique used for investigat-
new fields of research in ceramics about which little ing the fundamentals of ,,ave interaction in euomapres-
is known. High temperature techniques and testing sible fluid flow.
methods need further study. The high melting con- The phenomenon of turbulence itself is very in-%A: pounds heretofore not used at all, or used only for

completely understood. As in the case of compressible
special purposes, will be more thoroughly investigated, fluid flow in the transonic or supersonic regions, a gen-

eralized theory of turbulence can be explained ody
PAR1 4, FLUID MECIHANICS. through the solution of the equations of motion in

The review of fluid mechanics is a survey of research three dimensions. In the case of turbulent flow, for
projects sponsored by the government in the field of example, the elimination of a dimension in the analysis

compressible fluid flow, with particular reference to eliminates the phenomena which the analysis is at-
the bearing of these projects on aircraft propulsion tempting to describe. It is only by chance that the
devices. one- and two-dimensional theories of turbulence can

The fundamental research (in compressible fluid floA% give as good an agreement A ith cxpcriment as hlas been
phenomena appears to be concentrated at the moment observed. With one or tWo exceptions, the effort in
in the transonic and supersonic velocity regions, and turbulence is concerned i ith its studi in connection
is mainly concerned with the study of shock waves with phenonmena Nhuse mechanism is as little under-
and their interaction with fluid and solid boundaries, stood as turbulence itself. There is much interest in
Theoretical studies on transonic and supersonic floi studying the combination of turbulence Aiith coni-
phenomena are greatly retarded by tile intractibility bustion by correlating the velouiti of a chemical reac-
of the mathematical equations, when the effects of heat, tion with changes in the controlled turbuhnce level of

4



SUMMARI" AND RECOMMENDAI'IONS

the fluid entering a comubustioii zone. It is unfortu- mure and more se ere, so that future de elopinuit
nate, however, that so much turbulent flow is created \uork \\ill be most aderslel affected Ih the lack of
by the combustion process that the controlled turbu- kiluoledge of tile fundamental's upon Ahieh heat tramis-
lence introduced before combustion takes place has fer depends. For example, data for heat transfer
little apparent effect on the mechanism of the ehemli- b. eons eetion are not a ailable for dctcrnining proper
cal reaction. coelticients unler conditions of high tem)eratures and

Closely associated with the macroscopic phenumela R inold numbers, N\ith ' ariablc flu" ateb. Sonic data
of turbulence is the mixing of fluid streams. This in- b. MeAdams and his co- ror!er., arc ailable for tern-
eludes liquid-liquid mixing, liquid-gas mixing and ga.s- peratures of 1000'F and Re, nolds numberb up to
Igas mixing of streams flowing at nearly the same or 500,000, but tile flo% conditions Ncrc conustant so that
at greatly varying velocities. The eases of primary the data do not appl3 specificall% to this problem.
interest are, as one would suspect, the imost compli- Further, convergent and dihergunt nozzles gi\e highei
eated. These eases include the condition ili ihich a heat transfer iates than are produced in a sttaight-
phase change takes place, such as ill the atonlization of W\all tube under cquik alent conditiou s, and this must
liquid fuels, or the condition in which there exists a be considered. Emphmasis on hcat transfer is there-
shock front between two fluid streams with no evapora- fore extrenely iml)ortant at this time.
tion or change in lmse. Atomization processes are Another of time key theoretical problems, as yet un-
not well understood. Current work on their relation solved, is that of heat transfer under conditions of high
to combustion is being conducted on a purely empiri- flux density, such as boiling heat transfer, or transfer
cal basis, in order to obtain enough experimental data from a tall to a liquid where te temperature of time

to point the way toward a valid theory for the depend- wall is above the boiling point of the liquid. These
ence of droplet size on viscosity, surface tension, drop- are problems which nmst be attacked vigorously before
let velocity and other l)aramneters describing the fluid

state. Ca complete soltion of porous and fihin cooling prob-
state. lems can be achieved.

The mechanics of non-uniform gases has just begun

to receive widespread attention through the require- 0eretofore, radiation has not been of great im-
nments of understanding flight conditions at high alti- portanc as a heat transfer mechanism owing to the

r5 te mplerature ranges ualyemployed i otbatudes and under conditions where the mean free 1)at usually in most heat
is comparable with a linear dimension of the missile. transfer applications. However, in a rocket motor

combustion chamber, radiation can be rcsponsible for
A relatively small effort is being exerted in the ap- 30% of the total heat transfer, although in the critical

p plication of theory to tle aerodynamic and to the com- point of tie throat tis may amount to only 10% of tile
bustion phenomena in a system subjected to periodic tot of ie thro t tha t to on 0% ot: ' fores, uchas te plse et.total. it is therefore evident thlat the radiation prob-
forces, such as the pulse jet. lem becomes most important at the high temperatures

The winmd tunnel facilities now il operation or ii de- of high energy rockets.

sign for transonic and sv.personic research provide

only for the undertaking of small scale studies of flow At the presznt time there is considerable question
Sphenomena through or around airfoil sections. Ther'e as to how effective film cooling and sweat cooling will

are no facilities for full scale testing of body or wil,,, be in handling radiation heat transfer, ad it is vital
sections of proposed guided missiles at supersonic that much more vork be conducted to stdy thle effect
speeds. superof cooling on radiation. Further, the whole program

of sweat cooling is still in its initial stages and only

, PART 5, HEAT TRANSIFER AND COOLING. ex)erimental motors exist which use sweat cooling.
Regenerative and filn cooling are l)roving inadequate

I n ex a m in in g th e p rese n t w o r k o n th e h e a t tra n s fe r a t t , ,e i t ... e...... n ow...c o..t.. .. c. .
! ~ ~ ~ ~ C (it the; liighl tempeatlutX 3\

r  
o encuteredtt..

problem, it is found that a many-sided attack has been
launched to develol) means of control of the large Work nder approximately twenty-five contracts

amounts of heat which are evolved by jet prop . Ision covers time field of heat transfer and cooling.
devices. Nevertheless, before summarizing the work Investigations have been initiated to determine co-

under way, it is desirable to consider in general what efficients of heat transfer under conditious which are
some of thle pressing roblems involve, radically different from those encountered in the more

Basic heat transfer studies have been seriously neg- classical engineering applications to internal coiubus-
lected by investigators in the liquid rocket field. As lion engines. Present data for coefficients are most
rocket performance improves, these problems become unsatisfactory, therefore, and pre.sent N or'k is de.

7W5
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signed to calculate coefficients under conditions of ment, k2) effevt.s of the instrument oil tis steni, amid
high temperatures, high velocities and fluctuating flow (3) fluctuations in tile system.
rates. Studies are also being made of transfer at high The basic mechianiislS of opeation or some ol the

flux densities, and transfer to liquids at telml)eratures principal instruments and methuds ha e been eolnsid-
above their boiling points. ered. These inelude techniques for neasuring pres-

Sonic work is being done on the contribution of rai- sure, temperature, gas %elovit , turbulence, fto\ pat-
4. . diation to the total heat transfer. This lhasc has been terns, flame propagation N t loi.it , and others, together

considered only to a small degree previously and little with their limitations and errors.
is known about iethods of control. Tie most significant conclusion al))arent froi a

Cooling is receiving considerable attention, espe- review of A\ork on instrumentation related to pulse
cially the use of porous cooling in the light of ne\i1 jets and liquid roekets is that there is an ilisufliciency
developed porous materials. This latter method ap- of dissemination of experimental nietlimods and ncas-
pears more promising than filn or regenerative cool- urement teeliniquts. This results in nueh dupliea-
ing, but detailed study of the parameters involved tion, wasted effort, and lost time. Often timnis the Imailn
w~ill be necessary before full advantage canl be taken aimi in anl investigation is neglected A% bile effort is
of the possibilities, spent oil developing an instrument in use elsewhere.

There is a great ieed for a consolidation of metliods
PART 6, INSTRUMENTATION. already available and all integration of effort iii

On the thesis that high temperatures and high gas methods being developed.
velocities are, from the standpoint of instrumentation, Another factor eN ident fromn tlis study has its origin
the two most characteristic conditions of the liquid- in the diversity of schenes of measuring the same
rocket and pulse-jet fields, much emphasis is being physical parameter. This i esults in difficult.N in inter-
placed on the measurement of parameters of systems preting data from various sourciLS. Standard methods,

* involving combustion processes. where possible, would be helpful and a reference

The actual survey material reviewed covers the laboratory is desirable.

principal experimental conditions under which meas- Finally, the rather obvious colnclusion is that in
urement'.s arc made. Included are power plants, dif- many eases no acceptable method exists for measure-
fusion flames, stationary flames, moving flames, closed ment of required parameters under Iele\ ant phlysical
chambers, and soap bubbles. The instrumentation re- conditions and in other eases the methods are only
quirements for each condition are pointed out as iell moderately successful. The inmestlgation of mei\ tech-
as some of the major difficulties. The three basic dif- niques lmust be continued but under an integrated
ficulties arc (1) effects of the system on the instru- program.

III. SUMMARY OF VOLUME II

PAIi' 1, PULS6E JEff ENGLNES. The common hydrocarbon fuels used in Diesel and
The major portion of the effort i lmllse jet develop- Otto cycle engines show negligible differences in per-

ment in the Tited States has been directed toward formance; oxygen earr ing fuels have not shioimm the

the improvement of the German V-1 type motor. This favorable increase expected.
effort has proceeded almost entirely along empirical Further improvements are greatly retarded by the

lines and has led to the following improvements: lack of a working theory for the pulse jet cycle. The

A. More than double the thrust per frontal cross- existenc of nonlinear oscillation problems, gas dy-
sectional area by effectively increasing tle air namnies l)roblems, turbulent combustion, amid the for-
valve intake area. muation of shock and detonation waves make the

B. Increased valve life from 30 minutes to several analysis of this cycle a difficult undertaking.
hours by providing soft valve seats, sandwich Pulse jet development is also dependent upon ade-
type valves, positive valve seating, and redue- quate test facilities. Internal and external aerody-
tion of seating velocity. namies are equally important and require simnultane-

C. Reduction in specific fuel consumption from 4.0 ois testing for accurate performance measurement.
to 2.6 lbs per lb of thrust, or lower. Flying test stands, such as the Naval Air Missiles
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Test Center A-26 air)lane, provide for two important and ingition ca be controlled. Tle next step
variables, namely velecity and altitude. Obviously the would control the exhaust portion of the xc le,
ranges of these two variables are limited by the per- by a suitable valve anl timing mechanism.

% eilities of the necessary size (and performance) have tig piston ii a tube. The piston cycle is the
not beeu available to pulse jet develol)ment agencies. Name as the natural resonant frequency of the
In some cases ramjet facilities could be used if they tube and thrust is produced l)y the acoustic radi-
were to be made available. The operation of pulse atiou pressure of the air colum on the piston.
jets at high subsonic and at supersonic speed ranges Air is drawn in and exhausted at the open end
lhas not been investigated due to this facility problem. of the tube. The Bodine Souudrive Company
Cornell Aeronautical Laboratory has, however, inves- of Hollywood, California, is respousible for this
tigated an intermitlent supersonic diffuser for pulse developient.
jets.

Th'me coiistant search for nieans to imp~rove thm ef- All of the above proposed pulse jets are being in-

ciency and/or sl)eed range of pulse jets hIas led to the vestigated from the theoretical and/or experimental

i lproposal of several new types or configurations. These staidpoints.

are listed below: PART 2, LIQUID 1PROPELLANT ROCKETS.
A. The Ducled Pldsc Jet is a standard pulse jet The two important advantages of te liquid pro-

immersed in a duct which has a supersonic dif-
fuser on the front and a veturi type nozzle at pellant rocket are its ability to fumcto in a vacuum

the rear just behind the pulse jet nozzle. The and its independence of thrust with resp ect to veloc-

principle is to slow the air to a subsonic speed it3'. It is useful and in many cases iandatory for
in the duct at whiich speed the pse0 jet will l)ropllsiou of guided missiles, sounding rockets, iiiierfor sat ich terceptor aircraft, superperforlance of aircraft, jet
eo i i assisted take off, and torpedoes or other underwater

B. The Pidse-Rain jet is essentially the same as the missiles.
ducted pulse jet except that additional fuel isinjected into the duct at or ntear the pulse jet Th'le p~rinciple of operation of liquid prop~ellant
inojze.te dto therfctatore t puls e s ajet rocket motors is simple. An injector provides a meansiozzle. Te duct, therefore, acts also as a raijet of etrance of a combustible fluid to a combustion
giving additional thrust. chamber where it is burned at a high chamber pres-

0. The Multiple Tube Pulse Jet has been suggested sure and the nozzle then provides a means of con-
as a means of reducing ioise level when the va- vertiig the high pressure gases into a high velocity
ous motors are operated out of phase; it has also jet from which a thrust results. Thrust and mass flow
been suggested as a means of providing nearly rate are the basic measurements of performance taken
constant air flow into the diffuser of a duct wlich on rocket test stands. From these the effective jet
surrounds the motors. velocity may be calculated. (Thrust equals mass flow

D. The Valveless Pulse Jet has been proposed based rate times effective jet velocity.) The characteristic
on two different princil)les. In the first case a jet velocity' c* may be calculated from the thermo-
quarter wave tube (with respect to the main chemical data or from the product of the chamber
pulse jet cycle) is used as an entrance to the pressure and the nozzle area divided by the mass flow
combustion chamber which may be of standard rate. Time ratio of the effective exhaust velocity to
design. This quarter wave tube acting in reson- time characteristic exhaust velocity is known as the
ance with the combustion chamber amd tail pipe thrust coefficient. It is dependent on the exhaust
serves as an acoustical valve. The second type products ratio of specific heats, the chamber pressure
uses a supersonic diffuser in which an internal and outside pressure, and the nozzle exit to throat
shock wave traveling back and forth acts as the area ratio. Specific impulse i hich is determined by
valve. Tests by Cornell Aeronautical Labora- dividing g, the gravitational constant, into the effec-
tory with a supersonic diffuser and a fluctuating tive exhaust velouit3, is a coammon performnance para-
back pressure indicate that this is possible at meter. The inverse figure of this is called the specific

high ram pressures. propellant consumption and is given in lbs per second
E. Tihe hiposed Cycle Pulse Jet is proposed to ob- per lb of thrust.

tain higher peak eombustio chamber pressures. 1May be regarded as a measure of merit of a given propellani

In its simplest form the air inlet, fuel injection, combinatiom.
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It appears impossible to establish a performance of altitudes i6 eiieuuntered. This prubleni ha. not heeii
parameter based on combustion chamber geometry, seriously investigated to date.
L*, known as the characteristic length, is the ratio of Propellants are fed to rocket motors either by pump-
the combustion chamber volume to nozzle area. It is I. 's:z'.,tlglo by pressurizing. The latter is simpler and

*.." i commonly used to define combustion chamber volume, oruall lr erting
usually lighter for operating lperiods upl to 50 secoids.It has no apparent effect on combustion Pfficiency Pump fed systems are usually lighter for periods over

i-:, )above a certain vw ic; its minimum value varies withabovhe pr an crt ina;tsioninim50 seconds and the major portion of the systems under
the propellant combination, development today are pump fed. Turbine driven

There appears to be no upper limit to the size of high speed centrifugal pumps are, generally speak-
motor which may be built from present design con- ing, ure efficient and satisfactory for the common
siderations. Time lower limit appears to be of the propellants in use, since 65 to 85% of the total energy
order of 50 to 100 lbs. due to practical minimum size available may be realized. In most cases the turbine
injector orifices, combustion chamber geometry and is driven by the exhaust gases of a separate combus-
nozzle exits. tion pot, however, several systems have been prol)osed

Regeneratively cooled motors are the most coin- or are under development where the exhaust gase.s of
monly used type today. The heavy, short duration, the rocket motor drive the turbine. Other pumping
heat capacity type motors have been discarded. Film systems and drives have been considered but none is
and transpiration, or sweat, cooled motors are pres- as fully developed or as successful as the above com-
ently receiving a great deal of attention since it is binations.
felt that regenerative motors may not be adequate for The choice of liquid l)rol)ellants for a given rocket
the high energy fuels, system depends on several factors: (1) availability,

uThe problems of injecting the prol)ellants into the (2) specific iml)ulse, (3) density, (4) properties
combustion chamber and properly mixing them arc as (chemical and hlysical), and (5) safety and handling
manifold as are the possible propellant combinations. characteristics. Propellant cumbinatioiis which have
Taking into account all of the variables would be a a high combustion temperature and low average mole-
tremendous task and it is important to note the pres- cular weight of exhaust gases produce the highest
cnt proximity of effective jet velocity to the theoreti- specific inipulse .... addition the density impulse (the
cal value, indicating relatively high efficiencies for product of specific impulse and density) has been
the common types now in use. Combustion stability found to be useful, since it gives an indication of the

-. (elimination of "chugging"), motor heat transfer, volume required to handle the propellants. This is
and safety from leakage inside and outside must be particularly important in missile applications where
considered. drag is concerned, but it must be remembered that it

o IThe use of spontaneously ignitable propellants has has no fundamental significance with regard to motor
eliminated serious ignition problems in may cases. performance. Basically, only four oxidizers have been
However many useful fuel combinations are not spon- developed to a usable point. These are red and white
taneously ignitable and the problem has been handled fuming nitric acid, mixed acid, liquid oxygen, and
' without undue difficulty, hydrogen peroxide. To this list fluorine, nitrogen

dioxide and water have been added but have not atOnce a roc!ket motor reaches a state of thermal thstm- eevdetniedvllmn.Lqi y

equilibrium its duration is limited only by the amount this time received extensive development. Liquid hy-
of !drogen, hydrazine, and ammonia have received con-

propellant available. r day siderable attention recently as very promising fuels.
cooled motors have demonstrated, without failure, an Considerable thought has also been given to light
accumulated operation time of over twenty hours. metal hydrides such as lithium and aluminum boro-
The general adoption of the cylindrical form for hydride nd to ditoram and arane. Thyhv
motor construction indicates the influence of fabrica-; 1 not been produced in sufficient quantities to provide
tion on motor design. Permanent assembly by weld-
ing, which virtually nakes repair impossible, has gen.- a good evaluation. Nitromethane and hydrogen perox-

~' ide are the only monopropellants that have received aerally been adopted because it provides a siml)le light gdeal o atnoprolTelow efa e ofcivy-
weight leakproof joint. The possibilities of other good pe as ate no prope an o its
methods of construction have not been thoroughly d

V development and the hazardous characteristics ofconsidered. Construction methods which would allow deveomen e ha zardou s cha ress.
variable nozzle exit areas offer appreciable increases nitromethane have considerably slowed its progress.
in efficiences where flight throughout a broad range Based on a good specific impulse, a reasonable

8
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chamber temperature, and a high density impulse the gasculuh 1id liquid oxidizer k3 tci. , t3) hl drugen
folliving propellant combinatirns show a great deal peroxide k t.i, t 4 ) miitruietlaue .Nbtvln, k.) gem-
of promise. eral propellant studies, including high energy fuels

Propellant Combination Density Impulse and systems, (6) rocket motor ecoling, combustion
Ilydrazine - Fluorine 357 chamber, and injector studies, and (7) component
Ilydrazine - Hydrogen Peroxide 307 development and miscellaeous liquid rocket prob-
Ilydrazine - Red Fuming Nitric Acid 288 lems. The technical effort of eighteen agencies desigi-
Iydrazine - Liquid Oxygen 279 ing, building, or testing rocket equipment or comnl)o-
Aniline -Red Fuming Nitric Acid 307 nents is discussed according to the above division.
Aniline - White Fuming Nitric Acid 294 This includes research work applieable to the general
Monoethylaniline - Mixed Acid 293 problem as wNell as a brief description of complete

Nitromethane - Hydrogen Peroxide 276 rocket, systems under development. These complete
Methyl Alcohol - Hydrogen Peroxide 278 systems range in size from 220 lbs to 290,000 lbs
Tonka - White Fuming Nitric Acid 306 thrust. The latter unit is in the design study stage

Completed liquid rocket development in the United by the M. W. Kellogg Company and is the largest

States has produced systems ranging in size from 100 known rocket power plant contemplated.

lbs thrust to 20,000 lbs with operation from 20 see- The aboventeitiuned agencieb cmplo approximately
onds to continuous. The current development work 567 engineers and ,cienti.sth and 1367 teclmniciams and
in the United States may be conveniently divided into mechanics. The facilities of each of the agencie.s arc
the following classes: (1) acid oxidizer systems, (2) also briefly described.

.49
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SUMMARY AND RECOMMENDATIONS

IV. GENERAL RECOMMENDATIONS

The following recommendations do not apply speci- period. ])e ices were impro ed bit b3 bit and model
.J"21. fically to any particular phase of Project SQUlI) or by model to tne practical Zc3lusion of lg range

% the general effort in propulsion. Instead, they rep- develupicut of radicall. new design. It charaerizes
resent a goal toward which effort should be directed particularl3 the de elopment of the reciprocating ell-
for the universal enhancent of the jet propulsion gine and the nlilitar3 airplane. Had the go ernnuent
program. sponsored basic research in long range development

A. SCIENTIFIC PERSONNEL. There is a ser- the gas turbine and the higlhspeed airplane would
have been realities long before the past war. It is

ous shortage of scientific personnel in both the re- rm rec011111elded that the developmlent proglrainbe slhaped
search and development phases of the )ropulsion pro- ta

gram. Little is being done to establish educational
programs to provide for the training of scientists in an xploratory nature on devices of uovel design. A

this field. Those who have entered the jet propulsion 1)rogran of this eharacter will expose problems of a
field during and since the war have acquired back-ground and experience in the field simply by working planning the basic research so that it can contribute

groud ad eperenc inthe iel siplyby orkng0 the required informnation to the development programn
on specific problems. Only a few institutions provide t te program
the proper academic background necessary for teeh- a proper time.
nical personnel in this field. In order to arouse the D. NEED FOR COOPERATION BETWEEN
interest of young and progressive scientists in jet RESEARCH SCIENTISTS AND DEVELOPMENT
)ropulsion it is recommended that al educational pro- ENGINEERS. The progrmu, for fundanutal re-

grain be planied and initiated which will expose the search and developmieiit cainot proceed indepcind-
problems in the field and present enough scientific ently one of the other. The research scientist must
and technological information to allow the novice a know the types of problems facing time development
sufficient working knowledge to understand the scope engineer, and the develol)nmnt engineer must know
and nature of the propulsion work. what fundamental scientific inforiation is available

B. NEED FOR FUNDAMENTAL RESEACH. and how to use it. Ill examining both the research and

The present requirements of the services for the de- time development contracts under governmuent sponsor-

velopmient of propulsion devices cannot be fulfilled ship it was found that work in the jet propulsion field
by making use of the fundamental scientific informna- of a rather specific nature was being conducted under

tion now available. Problems arise in development, broad contracts or phase assignmnents. Knowledge of

the solutions for which call only be found through the all of the pliase assignmuents or problems under each

exploratory methods and techniques of research. As of the many broad contracts in this field would re-

the future requirements in development will pose even quire ai adinistratixc structure much larger than
.4 more difficult problems for the research scmitist, it any governient uiit of this character at present. The

is necessary that the program in jet propulsiom be central problem is not that of making the govern-
T- founded oi a good woking balance between ftuda- ineut a clearing homsc between research and develol)-

,- mental research investigations and time development of ment for which this detailed knowledge would be

devices of an improved or novel design. It is there- necessary but is rather that of acquainting tihe per

fore recommended that the program for research in sonnel in each of the two fields with the information
Sthe field of jet propulsion be given adequate sup)l)ort available in the other by personal contact of the re--he spietid ofbs jet prplso threor givenede adqutatppr

to continue fundamental investigations and be given spective menbers. It is therefore recoimended that

time proper assistance in mwking the results of these research scientists be used as consultants on develop-

investigations useful to the development program. mneit lrrogram iii fields in which they are specialists
C. Nin order that they may become more closely associated
0O. NEED FOR LONG RANGE PLANNING with the tc,:inical details of time development work

IN DEVELOPMENT. There appears to be a teii- and that they may bring to bear the results of research
dency, with the reduced budgets for the general de- on the development program.
velopment programs, to return to time solution of
problems by eml)irical methods. This procedure is E. ADMINISTRATION OF RESEACII AND
not new; it was followed during the last peacetime DEVELOPMENT. With the receit budget reduc-

10
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tions throughout the federal go~ernment, there has expended and great mrogress iade tumard aceomplish-
been substantial curtailment in the funds for research ing this uniit atien of bpecillcatliou ill miandard part:,
and development. This is a necessary part of the ad- in the JAN Specifications. It is felt that further effort
justment to a peacetime economy. More serious, lhoN%- should be extended tuNiard the achie~emnent of these
ever, than the actual reduction of thesc funds to the objeetihes in the bpecifications concerning the finished
Services is the severe cut which the administrative equipment.
branches in government agencies have suffered. While
still responsible for the administration of a research G. SYMPOSIA. It is recognized that some duplea-
and development program amounting to many mil- tion and isolation of effort is beneficial, since it serves

* lions of dollars the government agencies, especially as a cheek on similar work and may open new avemnes
the Services, have been forced to reduce their staffs of tmught in the same field; but this isolation mst
to a point where it is extremely difficult, if not impos- not extend to the point where the solution of specific
sibhe, for the relaining limited persoutnel to provide problems is retarded by the withholding of the essen-
propmer administration. Travel and commnunications tial knowledge of that solution by one investigator

cuts have prevented the responsible administrative while others expend time and effort toward that same

personnel in the government from acquiring enough solution.

information about the technical program to know Each of the members of the Technical Survey
whether the public funds are being properly and Group, during the interrogations in which the infer-
wisely spent. If the present level of spending in this mation contained in the reports werc gathered, re-
field is to continue it is strongly recomnended that a quested a specific statement of policy from the con-
lager l)ortion of these funds be allocated to the gov- tractor's technical representatives concerning the iill-
ernment agencies administering research and develop- ingness of the contractor to attend and contribute to
ment in order that the necessary trained personnel symposia. It is significant that enthusiasm and inter-
may be obtained and provision made for their travel est were universal.
to, and communication with, the research and develop- It is recommended that effort of the sponsoring
ment work for which they are responsible. agencies be increased toward the establishment of

F. SPECII'ICATIONS. The research and develop- meetings of the specialists concerned with the detailed

mnient projects visited during tile Field Survey in- fields of work being conducted in jet propulsion. It

eluded work under both Arny and Navy sponsorslttp is emphasized that invitation to attend these symposia

as well as, in a very few cases, projects under joint should extend beyond the administrative level to those

sponsorship. Since the visits to the various contractors scientists and engiteers actually engaged in the per-
and military facilities were made in closely spaced in- formanee of the detailed design, analysis, and pro-

tervals, the contrast and comparison of the governing duction. The value of personal contact of personnel

spcci., ;tions and regulations for Army and Navy through these meetings cannot be overemphasized.

project was conspicuous. It was noted in some in- The costs incurred by the contractors in supplying
stances that competitive designs for both Services A ere personnel for these symposia should be a reimbursable
underway in close proximity and sometimes in the item of expense. lowever, in some cases, no fund
same facility. It became apparent that slight differ- exists in the budget of the military facilities or test-
ences in general specifications as -well as in design ing laboratories for this contingency. It has been
specifications caused sonme duplication of effort. It suggested that the establishment of a special fund to
seemed that some slight compromise b3 either Army provide money for govermnnt agency employes to
or Navy would result in the development of a missile meet the additional expenses incurred in attending

or system capable of imeeting the requiremer ,s of symposia would permit more extensive participation
both. It is recognized that considerable effort has been by government personnel.

r d11- I * *-fM%. ~ . . .
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V. RECOMMENDATIONS OF VOLUME I

PART 1, COMBIUS'TION. than at atmospheric pressure, and valumble inforam-

It is believed that the programn described in the re tion may be obtaintd, although the reactions may not

port on combustion covers rather well the most sigi- be the same at low pressures as at atmospheric pres-

ficant and necessary projects in the field, though it is sure.

quite evident that more people should be working on E. Investigations of the effect of turbulence on
such projects. It is also felt that some elaboration of combustion are of prime importance, and it, appears
the prograun should be made in the following specific that further development of the theor3 of turbulence
instances: and of techniques for measuring turbulence will be

A. Investigations of the mechanisms and the rates necessary in this connection. Turbulence is discu.sed

of reactions must be extended to include the propel- in more detail in Part 4 of Volume I, "Fluid

lant systems now being used in jet power plants and Mechanics."

those proposed for future use. Metals, metal alkyls, F. The development of techniques for measuring
metal hydrides, and hydrazine in their reactions with the pressure, temperature, and %elocity of ioving gas
the usual oxidants need to be investigated. Similar streams should be emphasized here, althougl it will
information for the reactions of fluorine and its deriva- be mentioned again under Part 6 of Volume I, "In-
tives with fuels is pressingly required. Considerable strumentation." Instrumentation is one of tim nost
work is being done on developing new techniques for difficult l)roblems in combustion work.
studying the mechanism of combustion reactions but G. iore attention should be given to basic studies
there is still a need for studying 1)ropAlant systems, of ignition phenomena. Little is known about the
particularly liquid systems, using any techniques energy requirements or about methods of reducing
which may be available, ignition delay.

B. Chemical equilibria should be studied at high II. Many combustion investigations have had too
temperatures and pressures in static and flowing sys- limited objectives. The studies have been carried out
terns to determine the concentrations of the coanpo- to learn what happens under specified experimental
nents at equilibrium, the time required for the estab, conditions with too little consideration of possible
lishment of equilibrium, and thermodynamic prop- contributions to the understanding of the basic fact-
erties as a function of time. Studies of reactions in ors involved. Wherever possible, even in essentially
which some of the products are solid and the others development programs, experiments should be per-
gaseous are needed. This informa.on, which is not formed under simple, well-defined, aamd accurately
available, is necessary for the accurate computation measured conditions, so chosen that the results can
of rocket performance. be interpreted in terms of fundamental parameters.

C. The thermodynamic properties of fuels and The immediate objective of combustion rescarcb is to
products of combustion should be determined at high develop quantitative relations betxeen appioprate
temperatures over a range of pressures to give data variables. The ultimate objective is to explain com-
for combustion calculations and for checking theory bustion in terms of the detailed mechaiimim m involved.
with experiment. Calculations and measurements are These objectives can be attained only if buitable ex-
being made of some of these properties for some of the perimental data are available to check and guide
compounds, but the program needs to be extended. theory.

D. Basic studies of combustion at high and at low I. A positive effort should be made to correlate tIme
pressures should be extended. Liquid propellant efforts of different groups A orking touAard solutions

.... rockets operate presently at 300-400 pounds per of the same problems. Such coordination appears par-
square inch pressure, solid propellant rockets up to ticularly desirable for studie. described iii thib report

, 2000 pounds per square inch. Investigations of the under the headinmgs . Chemical Kinetics, Turbulence,
' reactions of fuels with oxidizers at pressures at least Flame Velocity and Stability, and Combustion in

up to 200 atmospheres (3000 pounds per square inch) High Speed Gas Streams. These difficult and i-
are necessary. Determination of the mechanism of portant problems, requiring the effort.s of several
combustion may be more practicable at low pressures groups, can be solved efficiently only by the free ex-
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clhage of information on results, procedures, and the.e toxic and corrusie caterials is a large problm

experimental difficulties at tile technical as well as in itself which needs to be unlertake ro.

the administrative level. iThe thermodynamic properties of fuels, oxidizers,
PAT )UES and products of combustiont are being determined (or

IAR/I' 2 £AU . collected) by iiany investigators, but there is still

Many of the problems faced at present with respect needed nuch more information on theiti at very low
to fuels are of a practical nature, having to do with and very high temperatures. te deviations from per-

such matters as better methods for manufacturing fect gases of the combustion roducts at very high

them, Methods of increasing their stability, lowering temperatures and pressures need more investigation.
Stheir freezing points, etc. These are not being he- This includes the variations of the constant pressure
glected, though it is believed that in the specific ease and constant vohnne specific heats with teiperatur;
of hydrazine a laboratory investigation of methods of and pressure at the upper limits.

preparatioii would be worthwhile. TliTe dissociation equilibria of reaction products of

"CVery little work is being (one with liquid ,ia fluorine at high temperatures need to be investigated.

as a jet fuel, though this stable substance gMoes ex- More information is needed, for example, on such
cellent calculated values in propellant systienis and products ats IIF, CF 4 , N":, 13F, LiF, and NaF. Pro-
needs more extensive investigation, grais have already been initiated to study the disso-

Further work is needed on determining why the ciation of the metallic oxides.
boranes and borohydrides are unstable, and whether The problems of handling hydrogen peroxide are

anything can be done to increase their stability. A being well covered. There has been much good work
more fundamental approach is needed than Ias her'- (one on its catalytic decomposition, and some work

tofore been adopted. All of the decomposition reac- on its thermtal deom position but a reliable method of

tions need to be identified and an effort made to deter- decomposing it thermlly is needed. Such a study

mine which is the rate controlling reaction, and should be undertaken. i

whether the energy relationships are such that there
is a possibility of repressing a critical step in the In evaluating fuel-oxidizer systems the large unmn-

process. ber of variables including physical properties, heats
of combustion, ignition hag, specific impulse, density

Wa thouh impulse, the constant pressure and constant volume
olinions differ as to their inherent stabutde certain ratio of specific heats of the reaction products, changes
cu0 oo doubts that they will explode tinder dbasi- in vohume on combustion, and combustion efficiency

circumstances. But no one has yet determined t- are at present treated in separate equations. It would

cally why they are unstable, or determined the be exceedingly useful if some way could be devised to
Ss, qucne of reactions leading to their decomposi- combine these variables into a general equation which

tion. Such an investigation would be very worthwhile would express the over-all value of a fuel or a fuel-

and could assist in the selection of a stabilizing oxidant system.
additive.oxdnsytm There is a very great need, of course, for more in-

It is recognized that much thought has been given formation on the chemical kinetics of combustion reac-to the p,.oble,,, of :naking and stabilii,,g atomic hy-on.
tth r.l of. ig.stb i ations for all fuels whether they are carbonaceous, or

drogen, and the conclusions are not encouraging. It a hydride of nitrogen or of a metal, and for the
is realized that atomic hydrogen has a very short life various oxidants, whether they are oxygen, hydrogen

at ordinary temperatures, though not at 400000. It peroxide, nitric acid, a halogen, or specific combina-
would seem desirable, under the circumstances, to tions of these. This matter is referred to more spe-
undertake a limited program on the study of atomic ifially in Part 1 of Vohume iT "r o ' mon."

hydrogen, and in addition, on metastable molecules C u

involving hydrogen, helium, and argon. PART 3, MATERIALS.

Nothing is being done experimentally on the use of The research projects described in this report on

liquid fluorine, fluorine oxide, or the fluorine bromides materials make adequate provibion for the develop-

and chlorides as oxidizing agents. Several institutions, ment of metallic and ceramic materials for use in the

however, have contemplated such work. An experi- near future by tile improvement of the best of the

mental program should be started, even though it materials now known. It is felt, however, that rela-

cannot be pushed rapidly due to the difficult handling tively more emphasi sluuld 6, placed on the solution

problems. 'Tile safe handling and proper storing of of tile outstanding problems discussed in detail in

13



SUMMARY AND REOOMMENDATIONS

* Section V of Part 3 of Volume I. The following recom- B. That additional sponsorship be provided for the
mendations are made based on a stu ly of the problems fornuiation of a iex theoretical approach to the
concerned with properties and de elopment of mate- theory of turbulence. There is only one such projeet
rials, high temperature techniques, development of planned, this w ill make use of modern ad anees in
representative tests, and properties of materials for statistics aiming at a generalized theory fur large
satisfactory performance: scale turbulence. Thm effect of turbulent transport

A. Research on the physical and chemical factors phenomena is of basic importance to the kinetics of
which affect the properties of metals, alloys, and combustion reactions.

ceramics at high temperatures should be continued C. That fundamental studies of atomization an
and extended. mixing of liquid streams be continued. The influence

13. Basic research to determine the properties which of mixing and atomization on the combustion process

a material must have to give satisfactory performance is not clear. A program in this fiel must start with
should be extended. More information on tte i a study of the simple mixing of two fluid streams

fluence of thermal conductivity of metals and alloys without combustion reactions; at a later stage these
is urgently required. studies should be augnented by introducing a com-

bustion reaction.
C. The development of high melting point metals,

borides. caroides, nitrides, and oxides should be accel- ]). That the hydraulic analogy technique be in-crated. vestigated for more general use as a simple tool for
qualitative comlpressilble flow studies and as an edl-

]). Special provision should be made for the de- catioal aid to instruction in high velocity flow
velopmeut of high temperature teclmiques and appa- plmenomena.

ratus to increase the temperature range over whichquantitative data can be obtained. I. That the application of the theory of acoustic
radiation be studied further with reference to the

,. A project should be set up to study testing pro- mulse jet engine and to the formulatiou of a valid
cedures, particularly for ceramics, and eventually to theory of the )ulse jet cycle.
recommend the adoption of the most suitable for
general use. F. That eontinud support be given to studies of

boundary layer l)henomnena in the transonic and su-
. More emphasis otihe personie velocity range. A much better understanding

correlation between laboratory tests and service re- of drag forces, surface heat problems, shock wave

sults is considered necessary for both metallic and formation and interaction is essential to the advance-
cerauic materials. ment of the guided missiles program.

PART 4, FLUID MECHANICS. G. That the effect of high Reynolds numbers at
high velocities, particularly in the superson~ie range,

Oi the basis of the present survey of research 1)roj- be studied carefully before design specifications are

ects sponsored by government agencies in the field formalized for a large supersonic wind tunnel.
of fluid mechanics, the following recommendations are
made: 11. That the design of a large supersonic wind tun-

A. That a program be formulated to provide for a nel with test section of the order of 20' x 20' for- studies

general study of compressible fluid flow l)roblems on up to Macl mber 3.0 be sponsored by the govern-
large scale computing machines. The solution of cer- ment, making use of the basic information in govern-
tain diffrec;,tlal equations for three-dimensional flow ment sponsored and other researoh in this field for
is necessary to advance basic knowledge in fluid assistance in design. This desigA study should point

mechanics. In order to obtain solutions to certain out, if possible, what time cl)abilities of such a wind

problems in this field the work is so laborious is to tunnel facility are and whether it appears feasible

preclude the possibility of manual computation. In to test full scale missiles by this method as opposed
the field of turbulence, for example, it would be help- to open range testing.

fi"l to undertake a three-dimensional analysis of one
of fhe more successful two-dimensional theories. This PART 5, HEAT TI'ANSPER AND COOLING.

should serve as a guide to time development of a gen- From the survey on heat tramisfer and cooling, it
eral theory for large scale turbulence and ought to is evident that all of the Aiurk being pre sently under-

-, be undertaken in conjunction with Recontinwmdation taken is of %ital importanec anl should be carried oui
B below, with dispatch. However, it is also apparent that much

J14
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SUMMARY ANI) REV(0IlMENDATION8

stronger enllhasis sloul be placed on the objectives PART 6, INSTRUMENTATION.
listed below. The recomnlend. ions arising from a study of the

A. The problems of high heat flux transfer and survey of instrumentation includes live pt-eific ob-
boiling heat transfer must b, attacked with more jectives.

Svigor. A. Insruit hdaion ('ommillc.-A central com-
* 13. Fundamental heat transfer studies have been mittee should be formed for the purpose of consoli-
% neglected, and a greater volume of work should be dating, disseminating amd integratig ieasurement

planned for investigations under conditions of high methods for jets, rockets, ad asoiated basic re-

temperatures, variable flows, high Reynolds numbers, search. This should be on a nationwide basis with
and convergent-divergent tube shape, cooperation from Universities, Armed Forces, Gov-

C. Further work should be initiated immediately ernment Laboratories, Industrial Laboratories, amd
on the study of the contribution of radiation, which Scientific Societies.
becomes increasingly important at high temperatures. B. inslruu nlalion Symposia. - Under the direce-
This should b' correlated with cooling investigations tion of the Committee, a series of symposia on meas-
to determine whether present cooling methods can uremeit and calibration methods and instruniutation

* cope with transfer by radiation. should be held.
I). Present cooling methods require further study C. istr'umcntalion Bidlclin. - A regular bulletin

to obtain maxinnun benefits. Porous cooling appears relating to experimental techniques -Jiuld be issued
the most promising and must therefore be investigated by the Committee. This would be based on contribu.
much more widely, especially is it is least well under- tions from the various cooperating laboratories.
stood. D. lnstrumentation flundbook.-A practical hand-

B. No cooling method now envisaged will l)robably book on methods should be edited and published by
* be adequate for notors heated by nuclear energy. the Committee. The handbook would include sections

It is therefore imperative that more emphasis be put by various experts in the field.
on a search for new cooling methods that will promise E. hReference Laboratory.- A reference laboratory
satisfactory results. should be established mder the direction of the Com-

Although work on all these points is now being car- inittee for the purpose of setting up standard methods
tied on, it is felt that in no case is the volmc of the and designs. Other laboratories throughout the coun-
effort proportional to the importance and urgency of try might be utilized for l)art of the program.
the )roblems connected with each.

VI. RECOMMENDATIONS OF VOLUME II

PART 1, PULSE JET BNGINEBS. planning without factual basis. Before suggesting a
Although the development of the pulse jet has boiwi development program, many experts in the field were

... o-...ly retarded by the lack of a reliable thcortical consulted, The following recoimmenlations represent
-* evaluation of its operating cycle, its development has their considered opinion concerning a program fur

proceeded and advanced on an empirical basis. Wordi- future work.
fications of the original V-1 engines have increased A. Since pulse jets are critically affected by their
specific thrust and decreasedspecific weight had fuel external aerod.N namies, a large air .uppll3 is a primar

consuml)tion. The early engine burned for a half requirement for testing. To insure any measure of
hour; new engines operate for may hours. Many success, tests must be made in free jets of large crom..
other improvements have been accumplihed during section and at Mach numbers extending from the bub-
little more than two and one-half years of expert- sonic to the supersonic range.
mentation. Trial-and-error development has evolved B. The over-all program should be directed toumard
some rather radical design changes, and in some eases incremed operatioa velucit3 and efficiclnc. Alith
has pointed the way to certain definite improvements, supersonie operation as the ultimate goal. Specific

The lack of a reliable theoretical method of evalha- adaneemneub hame been made in this direction. An
tion makes the planning of future i\ork entirely de- imniediate program should proceed with the dem elop-
pendent upon scattered test results and intuitive inent of the supersonic ducted pulse jet.

15
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C. Investigations should continue in an effort to 2. The establisluent of a few well-equipped rocket
establish an accurate theoretical prediction of pulse test stations throughout the countr rather thani a
jet performance for all configurations and under all large number of poor or modestl.3 equipped stations.
operating conditions. Combined theoretical and ex. 3. The preparation of suitable textbooks in the

% " perimental attack must correlate the important fact. field of jet propulsion on a inational scale as a means
ors affecting operation. Specifically, consideration of weeding out the tremendous mass of data no%% in
should be given such parameters as internal and ex. existence. This has a secondary but no less important
ternal aerodynamics, geometry factors affecting igni- object iln providing a better means of thoroughly and
tion, fuels and fuel injection, gas kinetics, and com- accurately educating newcomers to the field.
bustion. B. Dclailed Program should consisi of the follow.

D. In order to develop an expendable and eflicient iug:
engine for subsonic operation, work should continue 1. Time study of the chemical kinetics of combustion
ol the improvement of the conventional pulse jet. and the rate of reaction of the various superior pro-
Future work, however, should be devoted to the alpli. pellant combinations with the view in mind of increas-
cation of specific scientific principles to engine design ing the speed of combustion, thus l)erlhaps to muake
rather than improvement by trial-and-error imethods. possible the reduction in chamber size with its con use-
E. Projects should he sponsored to evi' ate test (tuent saving in weight. This should include the study

data on new types of pulse jet engines: of combustion catalysers of all conceivable types such
1. The. valveless pulse jet operating on acoustical such as fuel additives and catalytic walls of the chain-

alet principles. ber. This should also include the study of the effect
2. Vt valveless supersonic pulse jet operating oil of flow patterns on combustion with the view of

t' ;iffuser shock imp~edance effect. establishing optimum comnbustion chamber shape.

3. ",. -ulse ramjet. 2. The continued gathering of thermodynamic data
4. The multiple tube pulse jet. oi present, new or lroposed propellants at high chain-
5. The acoustical radiation jet. ber pressures and temperatures.

F. A limited amount of work should be devoted to 3. The study, both theoretical and experimental, of
the development of components: the fundamental problems and parameters of liquid

streams mixing in the high pressure and higl temmi-1. Improvement in the operating life and air ad- ptre coitins o t h retou sion hin-
mission characteristics of th reed valve systems. her-o.

- "' 2. Development of more satisfactory fuel pumping, 4e t aa uinjection, and metering equipment. 4. Tlhe theoretical and experimental study of tie
fundaimntal problems and parameters of heat trans.

PART 2, LIQUID PROPELLANT ROCKETS. fer from the hot gases in the combustion chamber to
When reduced to its fundamental;, ai organized the motor walls througlh the walls, and then into a

o rgaseous or liquid coolant. This shall take into account
over-all rocket development programn must be directed th0 eal ntersetv onaylyr n

towads he flloing hre poits:the details inl the respective boundary layers and]
towards the following three points: should be extended to cover conditions encountered

1. Reduced specific propellant consumption. ifl sweat or porous wall cooling and in ceramic-lined
2. Reduced weight of all structural parts. walls.
3. Increased vtility and reliability. 5. The continued development of porous ceramic
To proceed with the greatest efficiency towards and metal wall liners for liquid rocket motors.

these goals, the following programn is reconmmended.
ts g6. The study and development of mechanical con-

A. General Program. struction methods to produce a large number of
1. A theoretical review by an unbiased agency of exactly controlled passages through rocket motor walls

all of the known and proposed liquid propellants. with the intent of producing optimm practical cool-
This would include the establishment of a practical ing conditions. This may be considered as a hybrid
and consistent means of comparison of systems to the between multiple hole film cooling and porous wall
end that a selection of a small number (10 or less) of sweat cooling.
cobinations upon which all national effort could be 7. The continued study of ceramic liners for rocket
directed. The selection should be based on these four motors. Particular emplabis.should be placed on those
fields: aircraft assisted takeoff, aircraft superperform- liners of the type such as are iaturall3 formmed in the
ance, missile launching, and missile propulsion. operation of diborane motors.

16
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SUMMARY AND IECOMBINI)AT'IONS

S. Tile development of a rational aud practical of attack in the design of light, weight efficient pro-
method of detailed stress analysis in rocket motors pellant punping plants for rocket engines.
based on experimentally determined pressures and 13. Study the problems of rotating seals for high
loads under running conditions. This shall include a speed liquid oxygen and acid pumps.
study of rocket motor construction methods and pos-

sible improvements from the standpoint of ease of 14. Analyze the heat transfer conditions on turbine
fabrication, light weight and optimun combustion blades for tile exhaust jet-driven turbopUmp. Pro-
chamber shape, vide specific answers to the following questions:

9. Expand present program in ducted rockets or a. How long can a blade remain in the jet without
rocket-ramjets in both the theoretical and experi- damage? Upon what factors does tis depend?
mental directions with the view toward improving the b. What is the effect of adding additional motors
performance through the establishment of tile para- around tie periphery of the turbine? What is
meters affecting the mixing of lot gas streams at high the limiting number?
velocity with lower velocity cold streams. c. What is the mechanism of blade cooling?

10. Analyze the problems of pressure-fed rocket d. What will be the effect of altitude on blade
power plants to effect possible weight and volume cooling?
reduction through heating of the pressurizing gas. e. Can the air cooling be replaced by propelhmt

11. Analyze the problems of combustion chamber vapor? or should such coolant be applied to the
pressure in a pump-fed rocket engine in order to de- blades?
termine the optimum from the standpoint of the over- 15. Instrumentation should be developed for the
all Specific impulse. rapid measurement of the flame temperature and jet

12. Study the problems of punips and pump drives velocities. Methods should be developed for hot gas
from meclhanical, hydraulic, and thermodynamic sampling to aid in chemical kinetic and thermody-
standpoints for the purpose of showing favorable lines namic studies of combustion.

it 1'i'
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SUMMARYV AND RECOM,11MENDATIONS

APPENDIX A

TABULATION OP CONTRACTS BY SPONSORING GOVERNMENT AGENCY

1. Navy Department

a. Bureau of Aeronautics

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

X Aerojet Engineering NOa(s)-7968 R $ 630,000 1 Jan 1946 to Rocket and pulse jet develop-
Corp.. Azusa, Calif. 30 Jun 1946 ment.

NOa(s).8496 R 230,000 1 July 1946 to Rocket design.
1 July 1947

NOa (s)-8511 R 94,800 14 Apr 1947 to Rocket design.
14 Apr 1948

NOa(s)-8566 a 66,190 Renegotiating Acid aniline rocket parameter
study.

NOa(s).8620 R 73,012 14 Feb 1947 to Pulse jet instrumentation.

14 Aug 1948

PD R - - Pulse jet development.

Aeromarino Co., 5201 PD 21294.47 7 9,000 Under nego- Pulse jet development.
Old Springfield Pike, tiation
Dayton, Ohio

Aviation Corp. of NOa(s)-4718 R 302,765.37 25 Jun 1944 to Combustion chamber develop.
America, Lycoming Div., 30 Jun 1947 ment.
Williamsport, Pa.

Bendix Aviation Corp., NOa(s)-7978 0 2,099.20 18 Feb 1946 to Fuel metering unit design.
Bendix Products Div., 6 July 1946 Pressure regulators.
South Bend, Indiana

Eclipse-Pioneer Div., NOa(s)-7570 a 103,100 29 Sep 1945 to Turbopump system design and
Teterboro, New Jersey 30 Jan 1946 fabrication.

NOa(s)-8060 0 133,400 27 Jun 1946 to Fuel feed turbopump design
15 May 1947 for rockets.

NOa(s).8396 2 20,375.60 28 Jun 1946 to Dual propellant turbopump
28 Dee 1946 assembly - design and build.

Bodine Soundrivo Co., NOa(s)-8590 B 75,400 Under negotia- Pulse jet development.
3300 Cahuenga Pass, tion.
Los Angeles 28, Calif.

California, University NOa(s).7280 R 10,000 Jun 1946 to Heat transfer research.
of, Los Angeles, Calif. Jan 1947

NOa(s)-8649 B 49,900 May 1947 to Gas turbine regenerator design.
(continuation of Nov 1948
NOa(s)-7280)

Classification Code: C - Confidential.
R - Restricted.

S -Scrct.
U - Unclassified.
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SUMMARY AND RECOMMENDATIONS

APPENDIX A

TABULATION OP CONTR.ACTS BY SPONSORING GOVERNMENT AGENCY

1. Navy Department

a. Bureau of Aeronaudes (Continued)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

Consolidated Vultee Air- NOn(s)-7222 0 3,508,296.22 7 Jul 1945 to Develop LARK missile.
craft Corp., Downey, 30 Jun 1948
Calif.

NOa(s)-8374 a 1,411,000.00 21 Jun 1946 to Develop LARK missile.
Indefinite

Continental Aviation & NOa(s)-7900 U 315,113.30 28 Feb 1946 to Pulse jet production.
Engineering Corp., 31 Dec 1946
Muskegon, Michigan

Curtiss Wright Corp., NOa(s)-8275 0 401,843 14 Jun 1946 to Guided missile development.
Airplane Div., Columbus, 6 Apr 1947
Ohio

Hughes Aircraft Co., NOa(s)-8285 0 770,914 19 Jun 1940 to Guided missile desig|n.
Culver City, Calif. 19 Dee 1947

Iaiser Cargo, Inc., NOa(s)-7153 R 100,000 1 Jul 1945 to Rlamjet development.
Fleetwings Div., 1 Apr 1947
Bristol, Pa.

NOn(s)-8274 0 313,500 14 Jun 1946 to Technical study and prelimin.
17 Apr 1947 ary design of pilotless aircraft

PA-I.

NOa(s)-8504 B 30,000 22 Jul 1946 to Pabst ramiet development.
November 1947

McDonnell Aircraft NOa(s)-7896 B 78,262 1 Apr 1946 to Pulse jet production.
Corp., St. Louis, Mo. October 1946

NOa(s)-8646 R 100,000 Under negotiation Pulse jet development.

NOn(s)-8889 , 175,000 Under negotiation Pulse jet production.

NOn(s)-8891 B 53,000 Under negotiation Pulse jet production.

Marquardt Aircraft P.O..37517 from R 12,254 16 weeks Ramjet component study.
Corp., 4221 Lincoln U.S.C. to MarquardtBlvd., Venice, Calif. under U.S.C. Con-

tract NOn (s) -8257

Noa(s)-8271 (covers 0 32,860 4 Oct 1946 to Ramjet development.
a P.O. from Grum- 30 May 1947
man Aircraft
B-18448)
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APPENDIX A

TABULATION OF CONTRACTS B" SPONSORING GOVERNMENT AGENCY

1. Navy Department

a. Bureau of Aeronautics (Continued)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

Marquardt Aircraft Corp. NOa(s)-S520 R 115,640 29 Nov 1946 to Pulse jet studies.
(continued) 29 Jan 1948

Massachusetts Institute NOa(s).S632 (47) R 101,360 1 Sep 1946 to Combustion research.
of Technology, Cambridge, 30 Jun 1948
Mass.

Mines, Bureau of, U.S. NAer.00597 C 50,000 1 Mar 1946 to Solid fuel preparation.
Dept. of Interior, 30 Jun 1947
Pittsburgh, Pa.

Naval Air 'Missile Test TED.PP-PAU. C & R 750,000 30 Jun 1946 to Pulse jet and rocket tests.
Center, Point Mugu, 201.206 30 Jun 1947
Calif.

N.val Powder Factory, P.O. 273.46 I 6,000 1 Jul 1946 to Fuels research.

Indian Head, Maryland 3 Juno 1947

Naval Research Labora- TED NRL.3401 a 382,500 30 Jun 1945 to Fuels, pulse jet development.

tory, Bellevue, Wash- P.O. 249.46 30 Jun 1947
ington, D. C.

Radioplano Co., 7901 NOa(s)-8627 0 63,000 31 Dec 1946 to Ramijet test vehicle study.
Woodly Ave., Metro. 31 Mar 1947
politan Airport, Van
Nuys, Calif.

Reaction Motors, Inc., NOa(s)-7070 a 975,300 1 Jul 194i to Rocket production.
Dover, N.J. 31 Jul 1947

NOa(s)-7866 C 365,690 1 Jul 1945 to Roek't development.
30 Jun 1947

NOa(s)-8239 R 770,000 27 Jun 1946 to Rocket development.
31 Oct 1947

NOa(s)-8358 R 50,500 29 Jun 1946 to Servicing equipment design.
:'4 Indefinite

NOa(s)-8368 C 895,000 Letter of intent LARK rocket production.

NOa(s).8531 U 290,000 11 Sep 1946 to Rocket development.
16 Nov 1947

*Oa(s)-8540 1 677,300 1 .ul 1946 to Rocket research and develop.
31 Dec 1947 ment.
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SUMMARY AND RECOMMENDATIONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNIMENT AGENCY

1. Navy Department

a. Bureau of Aeronautics (Continued)

Amount of Contract

Contractor Contract Number Class. Contract Duration Specific Field

Ryan Aeronautical Corp. NOa(s)-8605 C 168,000 S Nov 1946 to 24.0 Afterburner.
San Diego, Calif. S Jul 1947

Southern California, NOa(s).7598 0 321,000 August 1945 to aminjet development.
Univ. of, Los Angeles, August 1947
C a lif .

a n e e i nNOa(s)-8164 C 137,000 Juno 1946 to R.amjct design.
August 1947

NOa(s)-8257 0 396,000 July 1946 to Combustion chamber and dif.
March 1948 fuser development.

Standards, National NAer00616 a 39,000 1 Feb 1946 to Solid fuels research.
Bureau of, Conn. Ave. 30 Jun 1947
& Van Ness St., N.W.,
Washington, D. C. NAer.00617 RI 76,000 30 Jun 1946 to Liquid and gaseous fuels.

30 Jun 1947 Combustion research.

NAer.00626 U 13,333/ 30 Jun 1946 to Hydrocarbon fuels research.
year 30 Jun 1947

4 
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APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

1. Navy Department

1. Bureau of Ordnance

Ct mAnount of Contract

Contractor Contract Number class. Contract Duration Specific Field

Aerojet Engineering NOrd.976S 0 $ 443,370 19 Feb 1946 to Rocket component deveiopmunt.
Corp., Azusa, Calif. 30u un 1947 

NOrd.9837 it 415,000 1 Apr 3946 to Rocket design.
31 Aug 1947

Bell Aircraft Corp., NOrd.9876 it 1,300,000 1 Jun 1946 to Combustion, fuel, beat transfer,
Buffalo 5, N. Y. 30 Jun 1948 rocket studies. BUMBLEBEE'

Project.

Bendix Aviation Corp., NOrd.9432 it 2,672,187 1 Jul 1945 to Fatel metering system design
Eclipse.Pioneer Div., (some tusks are 30 Nov 1947 for raimjets. Guidance and
Teterboro, N. J. Confidential) telemetering systems. BUM-

BLEBEE Project.

Buffalo Electro.Clemnical NOrd-9917 S 19 Jul 1946 to Hydrogen peroxide - catalytic
Co., Buffalo, N. Y. 15 Jul 1947 studies.

California Institute of NOrd.9612 U 800,000 1 Sep 1946 to Hydraulic research.

Technology, Pasadena, 31 Aug 1947
Calif.

Consolidated Vulteo NOrd-9028 it 3,870,320 1 Apr 1945 to Rainjet design. r"njct burners.
Aircraft Corp., 30 Sep 1947 Ignition studies. BUMBLE.
Downey, Calif. BEE Project. k

Cornell Aeronautical NOrd-10057 R & C 624,000 30 Jun 1947 to BUMBLEBEE Project.
Laboratory, P.O. Box 56, 31 Dec 1947
Buffalo 5, N. Y.

Curtiss Wright Corp., NOrd-8993 a 3,768,960 1 Apr 194,5 to Research on combustion, fuels,
Airplane Div., 30 .Tun 1947 aerodynamics. Now under su-
Columbus, Ohio pervision of Cornell Aero. Lab.

BUMBLEBEE Project.

Delaware, University of, NOrd.9845 (Sub- 0 40,995/ 1 Jun 1946 to Combustion research.
Newark, Delaware contract from year 31 Dec 1947

United Aircraft
Corp.)

Experiment, Inc., NOrd-9756 0 227,850 1 Jail 1946 to Ramjet combustion research.
P.O. Box 1-T, 30 Sep 1947 BUMNBLEBEE Project.
Richmond, Virginia

Fairchild Engine & Air- NOrd-9879 R 136,000 15 Jun 1946 to Alcohol and hydrogen peroxide
plane Corp., Ranger 30 Jun 1947 internal combustion engines.
Engine Div., Farming-
dale, Long Island, N. Y.
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S1hlMAR1 AND RECOMMENDATIONS

APPENDIX A

TABULATION OF CONITRACTS BY SPONSORING GOVERNMENT AGENCY

1. Navy Department

b. Bureau of Ordimace (Continued)

Amount of Contract
Contractor ContractNumber Class. Contract Duration Specific Field

General Electric Co., ZV'Drd.8606, TO503 0 239,000 28.May 1945 to Gas turbine development for

Schenectady, '. Y. Indeflnito torpedoes.

Johns Hopkins University NOrd.8036 C 412,000 2 Feb 1945 to BUMBLEBEE research.

Baltimore, 'Md. 31 Mar 1948

Applied Physics Labora- NOrd.73S R 11,602,000 1 Dec 1944 to BUMBLEBEE Project coor.

tory, 8621 Gcoigia Ave., 31 Mar 1948 dination.

Silver Spring, '31d.

'assachusetts Institute NOrd.9107, TO.C 0 200,000 9 Jul 1945 to Fuels research.

of Technology, 30 Jun 1947 Hydrogen peroxide.
Cambridge, 'Mass.

:NOrd.9661 0 2,505,000 1 Nov 1945 to Aerodynamics, combustion, ma
30 Jun 1947 terials research toward a

guided missile. METEOR Pro.
ject.

Michigan, University NOrd.7924 R 381,000 1 Jan 1945 to Aerodynamics esearch.

of, Ann Arbor, Mich. 31 Mar 1948 Fuel spray study. BUMBLE
BEE Project.

Naval Ordnance Test Reft order C&S Indefinite time and amounts Liquid and solid propellant

Station, Inyokern, numbers involved in this project, rockets.
California

Pasadena, Calif. Ma order C Indefinite time and amount, lydropulse and hydroturbojet
numbers involved in this project. development.

Naval Torpedo Station, Re6a-267 0 Approximately Indefinito Fuels research.

Newport, R. I. $ 250,000/year Hydrogen peroxide.

New M,\exico School of NOrd.7822 U 979,500 19 Juno 146 to M[issile aerodynamics study.

Mines, Station A, 30 Jun 1947
Albuquerque, N. M.

NOrd-9817 R 1,183,500 29 Mar 1946 to ''V-2" component design, and

31 Mar 1948 research on fluid flow and in-
strumentation. BUMBLEBEE
Project.

North American Aviation, NOrd-9784 C 166,488 15 Feb 1946 to l-amjet studies. BUMBLEBEE
Inc., Inglewood, Calif. 31 Dee 1947 Project.

Standard Oil Development NOrd-(f)1414 and C 519,000 1 Apr 1946 to ltit.jet: fuel system, and com.

Laboratory, P.O. Box NOrd-9233 30 Jun 1948 bustor development. BUMBLE.
243, Elizabeth B, N. T. BEE Project.
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S1,1I1LIIhY A ND RECOMENDATIONS

APPENDIX A

* TABULATION OF CONTRACTS BY SPONSORING GOVIRNMENT AGENCY

1. Navy Department

b. Bureau of Ordnance (Continued)

Amount of Contract

Contractor Contract Number Class. Contract Duration Specific Firld

Texas, University of, NOrd.9195 R S23,000 1 Jun 1945 to Fuel and combustion research.
5)0 E 24th St., 31 Mar 1948 lUMBLEIBIE Project.
Austin, Texas

United Aircraft Corp., NOrd.9S45 0 750,000 11 Jun 1946 to lanijet, aerodynamic and com-
* East llart,:d, Con1. 31 Aug 1947 bustion studies. .M E T H'0 It

Project.

Virginia, University of, NOrd-7873 0 300,000 1 Mar 1945 to Research on the physics of fluid
Charlottesville, Va. 31 Mar 1948 flow; boundary layer and shock

studies. BUMIBLEBEE Pro-

ject.

Wi.eeonsin, University NOrd.9938 R 12,000 23 Oct 1946 to Fuels and combustion research.
of, 'Madison, Wisconsin 31 Jul 1948 BUMBLEBEE Project.
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* ".,1T RUMMARY ANI) RECOMMENDATIONS

APPENDIX A

TABULA'ION OF CONTRACTS BY SPONSORING GOVERN31I'NT AGENCY

•.. 1. Navy Department

c. Bureau of Ships

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

- Buffalo Electro.Chemnical NObs.31494 S $ 250,000 1 Jul 1946 to Hlydrogai peroxide study.
Co., Buffalo, N. Y. 30 Jun 194S

SEngineering Experiment EES TEST B U 3'-,000 1 Jul 1946 to Metals research.
Station, Annapolis, Atd. 325r4 (SIm.9) 30 .un 1948

Massicliusctts Inqtitute. NObs.25391, TO.4 U 60,000 1 Jul 1947 to .Metals researel.
of Technology, 31 Dee 1948
Caubridge, Mass.

NObs.25391, TO06 U S0,000 1 Jul 1947 to Mtelals research.
30 Jun 1949

Naval Rlesearcha Labora- -M-83 SUD 502/40 U 15,000 1 Jul 1947 to 'Metals researchi.
tory, B~ellevue, Wash- 30 Jun 1948
ington 20, D. C.

Pennsylvania, University NObs.2477 R 270,000 1 Jul 1947 to Thermodynmnic properties of
of, Philadelphia, Pa. 30 Jun 1948 gases; other research not of

interest to this report.

Rensselaer Polytechnic NObs.31493 R 80,000 1 Jul 1940 to 'Metals researeh.
S. , Institute, Troy, N. Y. 30 Jun 1949

Standards, National Order No. U 36,000 30 Jun 1946 to Thermocouple pyrometers for
* Bureau of, Connecticut S&A.25444 30 Jun 1947 gas turbines.

Ave. & Van Ness St., (NBS Project
* . Washington 25, D. C. 3225)

Stevens Institute of NObs-45091 R 75,850 1 Nov 1946 to 'Metals research.

I Technology, Hoboken, 30 Jun 1948

I.J.
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SU.1IMAAR AND RECOMIMENDA'I'IONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMEdNT AGENCY

1. Navy Department
d. Office of Naval Research

Amount of Contract
Contractor Contract Number Class. Contract l)uration Specific Field

Aerojet Engineering 6.ori.1O, TO.1 C 919,200 1 Jun 1946 to llydrojet development.
Corp., Azusa, Calif. 30 Jun 1947

Alfred University, N6.ori.143 U 48,875 1 Jun 1946 to Ceramics research.
Alfred, N. Y. 1 Mar 1949

Ameriean Electro Mletals N6.ori.256, TO.1 U 102,125 1 Nov 1946 to Metals research.
Corp., Yonkers, N. Y. 31 Oct 1947

Battelle 'Memorial Insti- NS.ori.111, TO.1 U 330,666 14 Nov 1946 to Metnls and ceramics develop-
tute, 505 King St., 30 Sep 1947 meat.
Columbus, Ohio

California Institute N6.ori-102, TO.4 U 108,000 21 Jun 1946 to Aerodymnics research.
of Technology, 20 Jun 1948
Pasadena, Calif.

NO.ori.244, TO.2 U 80,000 1 Jan 1947 to Flow of fluids through rotating
31 Dee 1947 passages.

FM-8 to NOrd.9612 U 45,000 1 Sep 1946 to Cavitation, dynamics of under.
31 Aug 1947 water bodies, hydraulie analogy

for shock wavo studies.

California, University N6-ori-111, TO.4 U 22,430 15 Jun 1946 to Metals research.
of, Berkeley, Calif. and TO.5 Indefinito

N7-onr-293, TO.3 U 258,500 10 Jan 19.17 to Heat transfer and aerotlvnamnic

10 Jan 1949 research at supersonic velocities
and low pressures.

Carnegie Institute of N6.ori-47, TO.7 U 38,880 1 Oct 1946 to Fuels research.
Technology, Pitts- 30 Sep 1947
burgh, Pa.

Catholic University of N6-ori.255, TO.2 U 22,171 1 Nov 1946 to Metils research.
America, Wash., D. C. 1 Nov 1947

Chicago, University of N6-ori-20, TO.10 i 42,528 1 Jul 1946 to Fuels research.
Chicago, Illinois 30 Jun 1947 Ihydrides.

Cornell Aeronautical N6-ori-11 9, '70.1 tI 310,160 Letter of intent Propulsion research. Project

Laboratory, P.O. Box 56, to 30 Jun 1948 SQUID.
Buffalo, N. Y.

PM-18 U 1.00 Letter of intent Supersonic aerodynamies.

Cornell University, N6-ori-91, TO.4 U 19,200 1 Jun 1946 to Molecular complexes of boron
Ithaca, N. Y. 31 May 1947 compounds.
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SU IIARIY AND RECO.I.IENDATIONS

APPENDIX A

TABULATION O' CONTRAC'rs 13Y SPONSORING GOVERNMENT AGENCY

1. Navy Department

d. Office of Naval Research (Contimwd)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specifle Field

Cornell University N6•ori.213, TO.1 U 6,500 15 Oct 1946 to Structure of horo.hydrides.

(continued) 14 -Jun 1948

NG.ori.264, TO•2 U 13,600 1 Feb 1917 to Statistical mcehanieal trans
1 Feb 1948 port theory.

F.1-19 U 62,439 Under negotiation Propagation of comlre-ion
Waves.

Illinois Institute of N7.onr.329, TO.2 U 28,000 1 Apr 1947 to Metals research.

Technology, Chicago, 31 .Mar 1949
Illinois

Illinois, University of, NO.orl.71, TO.4, U 156,617 1 Jun 1946 to Aerodynamics, conbuslion,

Urbana, Illinois 8 and 9 30 Jun 1948 fuels, materials research.

N6.ori-71, TO-11 U 28,345 1 Jun 1946 to Mixing of fluid streams.
31 Aug 1947

Johns Hopkins University, N6.ori.243, TO.5 U 49,500 1 May 1947 to Supersonic wind tunnel design.
Baltimore, Md. 30 Jun 1948

Massachusetts Institute N5.ori.78, TO-5 U 11,663 1Mar 1946 to Hleat transfer coeflicients at
of Technology, 31 Aug 1947 supersonic speeds.
Cambridge, Mass.

NSori.78, TO11 U 30,000 1 Jan 1947 to Heat transfer research.
1 Jan 1948

Michigan, University of, NG.ori-232, TO.4 U 26,000 1 Apr 1947 to Shock wave studies.
Ann Arbor, Michigan 30 Mar 1948

Mines, Bureau of. Dept. NA-onr-27-47 U 110,000 1 Apr 1947 to Flame studies.

of the Interior, 31 'Mar 1949
Pittsburgh, Pa.

National Advisory Com- NA-onr.14.47 U 75,000 1 Dcc 1946 to Supersonic wind tunnel design.
mitteo for Aeronautics, 30 Nov 1947
1724 F St., NAW.,
Washington, D. C.

Naval Ordnance Labora- P.O. 45-47 U 10,000 1 May 1947 to Aerodynamics of rarified gases
tory, White Oak, Md. 30 Jun 1948 - theoretical research.
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. .1IJ1IARY AND IECOMMEIJ NVDATIONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVEIINMBNT AGENCY

1. Navy Department

d. Office of Naval Research (Continued)

Amount of Contract
Contractor ContrmetNumber MUSS. Contract Duration Specirio Field

-- I.
Naval Ordnance Labora- P.O. 46-47 U 1--,000 1 JTut 1947 to Large scale turbulence- theeo.
tory, White Oak, Md. 31 May 1948 retical research.

P.0:49.47 U 30,000 1 'May 1947 to Comparative flow analysis-ex.
30 Jun 1948 perimental methods.

P.O. 5447 U 20,000 1 J mi 1947 to )evelopnent of high speed 111."

31 M'ay 1948 merical techniques for solution
of problems in fluid dynamies.

New York University, N-ori-11, TO.2 U 3S2,000 1 May 1946 to Aerodynamics and combustion
45 Astor Place, 30 .Ju 1948 research. Project SQUID.
New York, N. Y.

N6.ori-201, TO-1 U 340,250 1 Sep 1946 to 'Mathematical analysis of nero.

31 Aug 1947 dynamies and Combustion.

Northwestern University, N-ori-.96, TO-4 U 30,000 1 Jan 1946 to Compre-3or study.
Evanston, Illinois 31 May 1947

NO-ori-15$, TO-3 U 12,000 1 Jan 1947 to Aerodynamics and combustion
31 Dec 1947 research.

Ohio State University, NO-ori-17, TO-2 U 53,000 1 Jun 1946 to Corrosion research.
Colimbus, Ohio 31 3far1949

NO-ori-17, TO-4 U 23,550 1 Oct 1946 to Thermodynamics research.
30 Sep 1947

N6.ori-225, TO-1, U 61,450 1 Oct 1940 to Fuels and materials research.
3 and 4 30 Sep 1947

NO-ori-225, TO-9 U 32,500 1 Feb 1947 to Fuels research.
31 Jan 1948

Pittsburgh, University N6-ori-43, TO-1 U 75,770.25 1 ar 1940 to Fuels research. Thermodynamic
of, Pittsburgh, Pa. 31 Mar 1949 properties of boron compounds.

Polytechnic Institute of N6-ori-98, TO-2 U 290,000 1 May 1946 to Pulse jet valve, combustion and
Brooklyn, Brooklyn, N. Y. 30 Jun 1948 materials research. Project

SQUID.

N6-ori-206, TO-1 U 75,000 1 Oct 1940 to Boundary layer control.
30 Sept 1948
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SU1I.IARY AND RECOMIENDATIONS -,_

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY
1. Navy Department L

4*'*

d. Office eo Naval Research (Coniimed)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field L. "

Princeton University, N6.ori.105, TO.3 U 613,750 15 Apr 1946 to Boundary layer and shock wave
IPrinceton, N. J. 30 Jun 1948 interactions. Combustion, chem.

ical kinetics, and fuels. Project " "
SQUTI).

NO-ori.105, TO.2 U 153,050) 1 Jun 1946 to Shock wave studies (transient
30 Sep 1948 fluid dynamics).

F4M.20 U 90,000 Under negotiation Shock wave studies.

FPI1.21 (continua- U 42,000 1 Sep 1947 to Investigation of gas %low by
tion of BuOrd con- 31 Aug 1948 interferometiy .nd shock waves.
tract NOrd.9240,
TO.1) 4

Purdue University, N6.ori-104, TO.1 U 430,712 1 Mny 1946 to Metals research, combustion,
Lafayette, Indiana and 2 30 Jun 1948 fuels and instrumentation re.

search. Project SQUID.

Southern California, Nf.ori.238, TO-1 U 18,240 1 Oct 1946 to Boron compounds.
University of, Los 15 Sep 1948 lydrides.
Angeles, Calif.

Standard Oil Development NO-ori.10(, TO-1 U 103,448 7 Nov 1945 to Combustion research.
Laboratory, Box 243, 6 Nov 1947
Elizabeth B, N. J.

Standards, National NA.onr-7.47 U 24,000 1 Jan 1947 to Thermodynamic ptoperties ofJ Bureau of, Connecticut 31 Dec 1948 inorganic substances.
Ave. & Y'za Ness St., N.W.,
Washington 2.5, D. 0. NA.onr.2-47 U 45,985 15 May 1946 to Ceramics research.

30 Jun 1948

NA.onr.8-4/ U 24,000 1 Jan 1947 to Fues research. Boron com.
31 Dee 1948 pounds. '4.

Stanford University, NO-ori-154, TO-5 U 13,380 1 Nov 1946 to Corrosion research.
Palo Alto, Calif. 31 Oct 1947

NT-onr-2J1, TO.2 U 53,000 18 months Heat transfer and flow-friction
studies.

Washington, University N6.ori-217, TO-1 U 10,000 1 Oct 1946 to Boundary layer control for
of, Seattle, Wash. 1 Oct 1948 wide angle diffusers. -

30 7-'
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SUMMARY AND RECOMMENDA'lIONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. War Department

a. Army Air Forces

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

Aerojet Engineering W-33.038.ac.P.D. a $ 225,000. Rocket fuels research.
Corp., Azusa, Calif. E. C. Phillips

W.33.038.ae*11757 U 334,661.33 31 May 1945 to Rocket development. Nitro.
(14801) 31 Dec 1946 methane turbo rocket unit.
Maj. Bunze

Subcontract under S 200,000 Completed. Rocket performance calcula.
Consolidated Vultee Prime contract tions.
Aircraft Corp. 29 Mar 1946 to 5
Prime Contract 20 Feb 1948
W.33.038-ac.14168
Col. I. J. Sands

W.33-038 ac.14549 R 292,360.50 9 Dec 1946 to Droppable rockets and rocket
(16100) March 1947 motors.
Maj. Bunzo

W-33-038.ac-14835 11 25,000 4 Nov 1946 to ME-163 rocket power plant
P.O. (33-038) ac.47- 1 Mar 1947 test.
1063-E

W-33.038.ac.15309 R 943,437.67 8 Apr 1947 to Turbo pump-fed rocket engine
(16610) 30 June 1948 design.

Alfred University, W-33.038-ac.14233 U 46,760 5 Jun 46 to Ceramics research.
Alfred, N. Y. (15903) 24 Jun 48

A. L. Berger

Armour Research Founda- W-33-038-ac-16533 U 18,180.31 Mar47 to Mar 49 Refractory coatings for metals. ,
tlion, Illinois Institute (Contract ap-
of Technology, proved20 .. -

Chicago, Illinois May 47)

Battelle Memorial Insti. W-33-038-ac-7202 U 20,250 22 Jan 45 to Metals research.
tute, 505 King St., (13489) 1 Mar 47
Columbus, Ohio J. B. Johnson

Subcontract under 0 900,000 21 May 46 to Fuels, combustion, materials,
Douglas Aircraft (Prime 31 May 48 literature survey.
Contract W-33-038- contract
ae.14105 Secret)
Col. 11. J. Sands

W-33-038.ac-14202 0 233,000 6 Apr 46 to Combustion research.
(1,5872) 2 May 48 it-
G. L. Wander

W-33-038-ac-14320 U 60,000 15 May 46 to Ceramics research.
(15990) 15 May 48
A. L. Berger
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SUMMiARY AND RECOJIMENDA'J'IONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. War Department

a. Army Air Forces (Continued)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

Bell Aircraft Corporation, W.33.038 ac-13450 R 103,847 26 Nov 45 to Rainjet flight test.
Buffalo 5, N. Y. (15357) May 47

J. B. Tuzson

W.33.038.ac.14169 S 1,476,716.47 1 Apr 46 to Design study ''Rascal" ramict
(15831) 1 Jul 47 power plant.
Col. IL J. Sands

Bendix Aviation Corp., W.33-038.ac.14219 S 257,248.95 22 Apr46 to Supersonic air-to-air guided
Special Products Capt. F. T. Fazel 22 Jan 48 missile design.
Western Div., NOTE: Contract
Los Angele3, Calif. has not been

signed by Ben.
dix.

Bendix Aviation Corp., W.33.038-ac.14996 U 14,952 9 Jul46 to Fuel system design. Intermit
Eclipse.Pioneer Div., P.O. (33-038) 15 Nov 46 tent jet engine fuel control.
Teterboro, N. J. 47-371-E

R. E. H1offman

Bendix Aviation Corp., W-33.038-ac-15276 C 29,689 19 Apr 46 to Ramjet control design study.
Bendix Products Div., (16577) 31 May 47
South Bend, Indiana P.O. (33-038)

47.863-E

Boeing Aircraft Corp., W.33-038.ac.13875 S 8,078,186.65 Letter contract Ramjet development. Super-

Seattle 14, Wash. (15447) 3 Jan46 sonic ground.to-air pilotless

Col. IT. J. Sands Definitive con- aircraft.
tract 24 Dec 46
Time of perform.
anco 18 Sept 45
to I Mar 48

Brown University, W-33-038.ac.15004 U 224,925 5 Jun46 to Aerodynanics and combustion
Providence, R. 1. (13651) 4 Dee47 literaturo survey.

Col. H. M. McCoy

California Institute W.33-038-ae-4320 R 591,875 5 May 44 to Ranjet research.
of Technology, (12847) 28 Feb 46
Pasadena, Calif. D.2M. Ross

W-33-038-ac-1717 U 40,000 1 Jul46 to Aerodynamics research.
(11592) (Approx.) 30 Jun 47

W-535-ac.20260 U Supp. #20 for 7 Nov45 to Metals and ceramics research
(5309) $262,000 out of indefinite for rockets; liquid rocket fuels.
Maj. Bunze $676,000

California, University of, W-33-038-ac-15229 U 61,274 11 Jul 46 to Heat transfer research.
Los Angeles, Calif. Maj. J. Kelly 30 Jun 47
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SUMMARIY AND RECOMMENDATIONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. War Department

a. Army Air Forces (Continued)

Amount of Contract
Contractor Contract Number Class.- Contract Duration Specific Field

Chandler Evans Corp., W-33.03S.ac.9287 U 24,500 7 May 45 to Fuel metering for German pulse
Hartford, Conn. P.O. 33-038-45. 15 Sept 45 jets.

10460-E

Colorado, University of, W-33-038.ae.16678 0 22,662 1 I'ar 47 to Spray formation and combus.
Boulder, Colo. 1 Mar 48 tion of liquid fuels.

Commerce, U.S. Dept of, W-33-038-ac.P.D. a S'A11 in discusson stage. Fuels availability survey.
Bureau of Domestic R. E. Hoffman
Commerce, Wash., D. C.

Consolidated Vultee W-33.038.ac.14168 5 1,841,457.51 29 Mar 46 to Guided missile development.
Aircraft Corp., Col. H. J. Sands 29 Feb 48
Downey, Calif.

W-33-038.ac-14547 R 7,514,000.78 27 May 46 to XP.92 development; ducted
(16098) indefinite rocket development Project

IX-813.

Continental Aviation & W-33.038.ac.13371 1 1,254,153.52 21 Dec 45 to Pulse jet development.
Engineering Corp., (15277) 31 Dec47
12801 E. Jefferson Ave., NAer 40000-120
Detroit 14, Mich.

Curtiss-Wright Corp., W.33-038.ac-14161 S 1,998,054.45 29 'ar 46 to Subsonic and supersonic guided
Airplane Division, (15831) 1 Mar 48 missile design study.
Columbus, Ohio Capt. W. M. Darling

TSESA-7

Curtiss-Wright Corp., W.33-038-ac.14171 R 345,958 28 Aug 46 to locket development.
Propeller Division, Maj. Bunze 23 Feb 47
Caldwell, N. J.

W-33-038-ac-14827 U 1,318,882 Jul 46 to Development of complete 10,000
(16276) 1 Jan 48 and 60,000 lb. thrust rocket

propulsion system.

W-33-038-ac-16269 R 339,400 28 Jan 47 to XS.2 airplane rocket power
(17230) 28 Jan 48 plant design and fabrication.

Douglas Aircraft Co., W.33-038-ae.10413 U 1.040,000 30 May 45 to Supersonic flight research air.
Santa Monica, Calif. (14414) 30Jun48 plane.

Col. G. F. Smith

W.33-038-ac-14105 5 10,000,000 Letter contract To conduct study and research
Jack Leet, MIaj.A.C. 2 Mar 46; deliv. inter-continental warfare, other
TSESA.7 date 30 Jun 48 than surface.
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SUtM1Ah'L AND RECOMMENDATIONS -
APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. War Department

a. Army Air Forces (Continued)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

General Electric Co., \V.33.O38.ac.14499 S 782,715.40 21 Apr 1946 to Study and research on super.
Schenectady, N. Y. L. 0. Clousen, Maj. October 1947 sonic pilotless aircraft.

TSECON
W. R. 0wnes,

TSECON

G. I. Giannini Corp., W-33-038.ac.15322 U 99,30 October 1946 to Pulse jet valve study.
Pasadena, Calif. J. B. Tuzson July 1947

W.33.038.ae.14473 R 261,723 23 May 1946 to Pulse jet development.
(16024) 23 May 1947

Goodyear Aircraft Corp., W-33-L.8-ac-14153 S 1,097,127.45 Letter contract Research and design study on
Akron, Ohio Muj. John I. Evans 27 Mar 1946 pilotless aireaft.

TSEA -7

Hughes Aircraft Corp., W-33.038-ac-14220 S 1,714,445.25 Letter contract Rocket missile development.
Culver City, Calif. J. O. Miller 15 Apr 1946 to

18 Apr 1948

Illinois, University of, W.33-038-ac.14520 U 100,000 13 Jun 1946 to Ceramics research.

Urbana, Illinois (16071) 31 May 1948

M. W. Kellogg Co.. W.33.038-ac-13916 0 1,251,900.50 1 May 46 to Research and development jet
Jersey City 3, N. J. (15588) 6 Jul 48 propulsion unit and reports.

• Maj. Bunzo
AFP 412816

Subcontract under S 146,000 26 Sept46 Rocket and ramjet develop.

Republic Avia- 10 May 47 mnt.
tion Corp. No.

W-33-38-ae-14208
Col. II. J. Sands

W-33.038.ac.14221 S 440,999.52 Letter contract Supersonic air-to-air pilotless
(15891) 12 Apr 46 aircraft.
Jack Leet Completed before

30 Jun 47

W-33-038-ac.15313 B 1,020,000 19 Jun 46 to Turbo rocket engine.
Maj. Bunze 19 Sept 47

Lockheed Aircraft Corp., W-33-038.ac-15916 U 167,650 1 Nov 46 to Ramjet tests 20", 30", 48"

Burbank, Calif. (17032) 1 Sept 47 Marquardt engines.
D. C. HIamilton
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SUMMARY AND REOOJI3ENDAT IONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. IVar Department

a. Army Air Forces (Continued)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

Marquardt Aircraft W-33-038-ac-15765 11 97,000 S Oct 46 to Three 48" M# 0.85 ramjets.
Corp., 4221 Lincoln P.O. (33.038) Jul47
Blvd., Venice, Calif. 47.934.E

D. M. 'Ross

W.33-038-ac-13449 U 65,530 23 Oct45 to Riamjet reaction turbine de.
(15356) 5 Jul 47 velopment.
D.M. Ross

P.O.46.170-CAunder 0 12,400 31 Oct46 to 24.0 Turbojet afterburner.
Douglas Contract 31 May 47
W-33-038-ac-10413
Col. G. P. Smith

W-33-038-ac-14123 U 48,360 14 May46 to Ramnjet helicopter rotor de.
(1-5793) 15 Jul 47 velopment.
D. M. Ross

W-33-038-ac-14152 a 52,100 4 Apr 46 to Ramjet development; two 6.30-
(15822) 1 Mar 47 1.0 engines; three thrust
W. El. Zins mounts.

P.O. GA 525080 M Uneternnined. 27 Nov46 to Purchase of Marquardt 26"
under Goodyear 27 Apr 47 ramjet and C.20 metering unit.
Contract W-33-038.
ac-14153
(Col. D. W. Devine)

P.O. GA 515081M a Undetermined; 27 Nov 46 to Ramijet development and tests.
under Goodyear task assign- 27 Apr 47
Contract W-33- ment changed.
038-ac-14153
Col. D. W. Devine

P.O. 102816 under S 52,580 2 Aug 46 to Ramjet development.
McDonnell Contract 4 Apr 47
W-33.038-ac-14242.
Col. D. W. Devine

W.33.038.ac-16366 1 64,158 14M1ar47 to Ramjet control development.

J. E. Taylor 14 Apr 48
TSEPP.50

W-33-038-ae-16236 U 14,275 27 Jan 47 to Fuel metering unit procure.
P.R. 14186 11 Jun 47 mont.
P.O. 47-2046
R. E. Htoffman
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SUMMARY AND RECOMJIMENDAT'IONS

a, APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. War Department

a. Army Air Forces (Continued)

,./r

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

Marquardt Aircrafd W.33.038.ac.14042 0 19,200 10 Jan 46 to Construct six 20" ramjets.
Corp. (cont'd) (15711) APP412839 15 May 46

* Capt. R. C. Bogert,
A.C. TSEPR-7
D. M. fRoss

Martin (Glenn L.) Co., W-33-038-ae-14158 5 1,827,620.79 27 Mar 46 to Ground-to-ground guided mis-
Baltimore 3, Md. (15828) 23 Apr .47 silo development.

Initiator: W. XL
Darling. TSEA-7

McDonnell Aircraft W.33.038-ac.14856 R 171,824.94 26 Mar 47 to Rmunjet helicopter rotor devel
Corp., St. Louis, Mo. (10305) 26 Feb 48 opment and flyable tcst stand.

Lt. I. It. Velkoff
TSEPRh9

Menasco 'Manufacturing W-33.038-ae.14759 R 465,700 17 May 1946 to Rainjet development.
Co., 805 South San Fer- (J6207) 30 Jun 1947
nando Blvd., Burbank H. P. Barfield
Calif.

W-33-038.ac-15310 R 1,900,808 18 Jun 1946 to XJ.37 Turbojet production.
Col. R. J. Minty 30 Jua 1948
Chief, Power Plant
Laboratory

W-535-ae-40690 ] 2,783,009.98 17 Jun 1943 to Turbojet development.
(10685) 30 Jun 1947

Michigan, University of, W.33.038-ae.13433 R 4,455 1 Nom 1945 to Pulse jet valve study.
Ann Arbor, Mich. (15339) 28 Feb 1947

J. BR. Tuzson

W-33-038-ae-14222 S 1,799,500 3 Apr 1946 to Study and research on super.

(15892) 3 Jun 1949 sonic pilotless aircraft; wind
W. R. Owens tunnel tests.
L. C. Clousen, faj.

A. C., TSESA.7

Mines, Bureau of, U. S. P.O..33.038-ac.46- U 247,020 18 Apr 1946 to Fuels availability survey.
Dept. of Interior, 3552.E 1 Jun 1947
Pittsburgh, Pa. E. C. Phillips

National Advisory Con- No contract 0 No transfer Fiscal year Fuel tests.
mittee for Aeronautics, E. C. Phillips of funds
Flight Propulsion Re-
search Laboratory,
Cleveland, Ohio
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SUMMARY A ND IEOMMENDATIONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. War Department

a. Army Air Forces (Continued)

Amount of Contract

Contractor Contract Number Class. Contract Duration Specific Field

North American Aviation W-33-038-ae-14191 S 6,306,583.85 22 Apr 1946 to Ground-to-ground guided is.
Inc., Inglewood, Calif. (15861) 1 Nov 1947 silo design.

Col. 11. J. Sands

Northrop Aircraft, Tao., W-33-038-ac-14175 S 2,199,971.51 28 Mar 1946 to Studies and reports on ground-
Hawthorne, Calif. (15845) 28 Mar 1947 to-ground supersonic and sub-

sonic guided missiles.

Ohio State University, W-33-038-ac-11101 R 140,000 27 Jun 1945 to Fuels research.
Columbus, Ohio (14552) 1 Jul 1946

G. L. Wander

W-33-038.ae-14217 U 138,000 23 Apr 1946 to Ceramics research.
(15887) 23 Apr 1948
A. L. Berger

W-33-038-ae-14794 R 209,902 27 Jun 1946 to Fuels leseareh, Liquid 112 as
(16243) 27 Jun 1947 a/c fuel.
0. L. Wander

W.33-038.ac-16368 U 7,375 10 Feb 1947 to Metals research.
(17278) Lt. Col. 10 Feb 1948
C. D. Bourcier,
TSEAM-7

W.33.038-ac-16308 U 8,025 1 Mar 1947 to Metals research.
29 Feb 1948

Packard Motor Car Co., W-33-038-ac-1850 IR 4,500,000 30 Jun 1945 to Turbojet design.
1330 Laskee Road, (11728) (Approx.) 30 Jun 1947
Toledo, Ohio R.11. Retz

Pennsylvania State Col- W-33-038-ac-13506 U 64,000 14 Nov 45 to Ceramics researoh.
loge, State College, Pa. (15414) 31 Oct. 48

A. L. Berger

Reaction Motors, Inc., Subcontract under C Under Rocket design.
Dover, N. J. Consolidated re-negotiation

Vultec Contract
W-33-038-ac-14168
P.O. A-191-SA

B-191-SA
C-191-SA

Col. I. 3T. Sands

Republic Aviation W-33-038-ac-14208 5 2,010,663.37 5 Apr 46 to Guided missile design MX773

Corp., Farmingdale, 10 May 47 studies
L. I., N. Y.
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SUMMARY AND IECOIMENDATIONS

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMENT AGENCY

2. War Department

a. Army Air Forces (Continued)

Amount of Contract
Contractor Contract Number Class. Contract Duration Specific Field

Rutgers University W-33-038-ac-15800 U 44,712 22 Oct 46 to Ceramics research.
New Brunswick, N. J. A. L. Berger 30 Sept 48

Ryan Aeronautical Corp., W-33.038.ac.14265 S 140,962.50 8 Oct 46 to Solid roeket design.
San Diego, Calif. (15935) 8 Jun 47

% J. Leet

Standards, National W-33.038.47-1468-E U 95,500 26 Nov.16 to 'rest instrument development.
Bureau of, Connecticut J. E. Taylor 26 Nov 47
Ave. & Van Ness St., TSEPR-5C
N.W., Wash. 25, D. C.

yraubo University, W.33.038.ac.15941 U 27,700.00 9 Dee 46 to Metals research.
Syracuse, N. Y. Initiator: 9 Dec47

Lt. Col. C. D.
Bourcier, A. C.

TSEA1f-7

Union Oil Co. of Calif. W.33.038.ac. 1 3468 it ].00 15 Jul46 to Hydrocarbon
Wilmington, Calif. (1537Z) 30 Jun48 Fuels research.

G. L. Wander

Wright Aeronautical W.33.038-ae.14145 R 6,097,941.00 22 Nov46 to Turbo-propeller and turbo-jet
Corp., Woodridge, N. J. (15815) Nov 47 studies.

L. B. Zainbon
TSEPP-7
AFP-421368

Supplement only. 361,240.00
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SUMMARIY AND REC, OMMENDAIION S

APPENDIX A

TABULATION OF CONTRACTS BY SPONSORING GOVERNMIENT AGENCY

2. *War Department

b. Army Ordnance

Amount of Contract

Contractor Contract Number Class. Contract Duration Spceilc Field

Aerojet Engineering Subsubeontract Through 1948 Rocket power plant design.
Corp., Azusa, Calif. under Douglas Air.

craft Co. subcon.
tract with Bell Tele-
phone Laboratories
under prime contract
W.30.069-ORD-3182

Bell Telephone Labora. W.30.069.ORD.3182 S I I Coordination of development
tories, .Murray lll, of complete guided missile

California Institute of W-04.00.RD.455 R' 1,800,000 1 Jul 1947 to Guided missile research.
Technology, Pasadena, 1 Jul 1948
Calif.

W-04.200.ORD.1482 C 137,000 30 Jun 1946 to Rocket fuels research.
30 Jun 1947

General Electric Co., W-30-115.ORD-1768 C 4,780,000 20 Nov 1944 to HERMES missile developlment.
Schenectady, N. Y. 30 Jun 1947 Bell XS.1 engine development.

National Research Corp., W.19.066.ORD-1046 U 30,00( 1 Jun 1946 to Metals research.
100 Brookline Ave., 30 Jun 1947
Boston, 'Mass.
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SUM1IMARY AND RECO.JIMEI)A TION-

APPENI)IX B. TABULATION O CONTRACTS u3Y CONTRACTOR

Contractor Sponsoring Agency Contract Number Class. Specific Field

Acrojet Engineering Navy Bureau of NOa(s)-796S R Rocket and pulse jet development.
Corp., Azusa, Calif. Aeronautics

NLOa(s).8496 II Rocket design.

Na(s).S511 R Rocket design.

NOa(s).S566 0 Acid-aniline rocket parameter
study.

NOa(s).8620 R Pulse jet instrumentation.

PD it Pulse jet development.

Navy Bureau of NOrd 9768 C Rocket component development.
Ordnance

NOrd.9837 R Rocket design.

Office of Naval N6-ori-10, TO-I 0 Ilydrojet development.
Research

Army Air Forces W.33-038-ac-PD 0 Rocket fuels research.

W-33.038-ac-11757 (14801) U Rocket development. Nitro-
methane turbo-rocket unit.

W-33.038.ac-14168 S Rocket performance calculations.
(Subcontract from OVAC)

W-33-038-ac.14549 (16100) R Droppable rockets and rocket

motors.

W-33-038-ac-14835 R German IME-163 rocket motor test.
P.O. (33-038) ac.4:-1063-E

-33.038-ac.15309 (16610) R Turbopunp fed rocket engine
design.

Army Ordnance Subcontract under Douglas S Rocket power plant design.
Aircraft Co. subcontract
with Bell Telephone Labora-
tories tinder prime contract
W-30.069-ORD.3182

Aeromarine Co., 5201 Navy Bureau of PD 21294.47 Under Pulse jet developnwit.
Old Springfield Pike, Aeronautics negotia.
Dayton, Ohio tion

Classification Code:

C--Confidential
R--Restricted
S-Secret
U-Unclassified
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APPENDIX B. TABUI2ATION 014 CONTRACTS BY CONTRACTOI ('ontiiwd)

Contractor Sponsoring Agency Contract 'Number Class. Specific Field

Alfred University Office of Naval N6.ori.143 U Ceramics research.
Alfred, N7. Y. Research

Army Air Forces W.33.03S..te.14233 (15903) U Ceramics research.

American Electro Metals Office of Naval X6 ori.256, TO.i U Metals research.
Corp., Yonkers, N. Y. Research

Armour Res2arch Founda Army Air Forces \V'33.038.:c-16533 U Refraictory coatings for metals.

tion, Illinois Institute
of Technology,
Chicago, Illinois

Aviation Corporation of 'Navy Bureau of NOa(s).4718 II Combustion chamber developmnent.

America, Lycoming Divi- Aeronautics
sion, Willianmsport, Pa.

Battelle Memorial In. Office of Naval NSori-Ill, TO.1 U Metals and ceramics development.

stitute, 505 King St., ]Iejeareh
. Colunmbus, Ohio

Nationl Advisory NA-W-5385 I Physical properties of mnagnesium
Conmmittee for alloys.
Aeronautics

NA.\V . I I lligh .emperature properties of
aluminum base alloys.

Army Air Forces W-33.038 ae.7202 (13489) U Metals research.

Subcontract from Douglas S (sub- Fuels, combustion, materials

Aircraft under prime con. contract literature survey.

tract W-33.038.ac.14105 Conf.)

-4 ,W-33-03S.ae.14202 (15872) 0 Combustion research.

W-33.038.ae.14320 (15990) U Ceramics research.

Bell Aircraft Corp., 'Navy Bueiau of NOrd-9876 R Combustion, fuel, heat transfer,
Buffalo 5, N. Y. Ordnance rocket studies. Project 'METEOR.

Army Air Forces W-33*038-ac.13450 (13357) II Ilnui1jet flight test.

W.33.038.ac.1-1169 (15831) S Design study-'"Rascal" ramjet
powerplant.

Bell Telephone Labora- Army Ordnance W-30 069-ORD-3182 S Coordination of development of
tories, 'Murray Hill, N. J. complete guided missile.

Bendix Aviation Corp., Navy Bureau of MOa(s).7978 C Fuel metering unit design.
Bendix Products Div., Aeronautics Pressure regulators.
South Bend, Indiana

Army Air Forces W-33-038.ae-15276 (16577) 0 Design study for control of sub-

P.O.(33.038) 47-863-B sonic and supersonic ramjets.
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87.IlIIARY AND RECOJ FINDAT IONS

APPENDIX B. TABULATION OF CONTIACTS 1BY CONTRACTOR (Contiinued)

Contractor Sponsoring Agency Contract Number Class. Specific Field

Bendix Aviation Corp. 'avy Bureau of NOa(s)-7.370 0 Turbopump system design and
Eclipse-Pioneer Div., Aeronautics fabrication. k
Teterboro, N. J.

NOa(s) 8060 C Fuel feed turbopu|,ip design for
rockets.

NOa(s)-S39( C Dual propellant turbopump assem-
Ily design and build.

Nary Bureau of NOrd-432 it Fuel metering system design for
Ordnance (some tasks r'imjets. Guidance and telemeter-

are Conf.) ing systems. BUMBlBhEIE', Pro
ject.

Army Air Forces W 33.03S.ac.14996 Ti Fuel flow control systems.
P.O.(33.03S) 47-371-B

Special Products Army Air Forces W.33 038.ac-14219 S Supersonic air.to.air guided nissile
Western Div., Los design.
Angeles, Calif.

Bodine Soundrivo Co., Navy Bureau of NOa(s)-8590 it Pulse jet development.
3300 C~alienga Pass, Aeronautics
Los Angeles, Calif.

Boeing Aircraft Corp., Army Air Forces W-33.U38-ac.13875 (15447) S ainajet dFvelopment. Supersonic
Seattle 14, Wash. ground to air pilotless aircraft.

Brown University, Army Air Forces W-33.038.ac-15004 (13651) it Aerodynamics and combustion lit-
Providence, 1i. I. erature survey.

Buffalo Electro.Cheznieal Navy Bureau of NOrd-9917 S lydrogen peroxide atalytic
Co., Buffalo 5, N. Y. Ordnance studies.

Nary Bureau of Ships NObs-31494 S Hydrogen peroxide study.

California Institute of Navy Bureau of NOrd.9612 U Ilydraulic research.
Technology, Pasadena, Ordnance
Cilli f.

V
Office of Naval N6.ori.102, TO.4 U Aerodynamics researth

f Researeh

N6-ori.244, TO.2 U Flow of fluids through rotating
passages.

F.I-8 to NOrd-9612 U Cavitation, dynamics of under-
water bodies, hydiaulic analojy

for shock wave studies.

Army Air Forces W-33-038-ac.1717 (11592) U Aerodynamics research.

W-33.038.ac.4320 (12847) R Ilamjet research.

W-535.ac-20200 (5309) U Metals and ceramics research
for rockets. Liquid rocket fuels.
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SUMXhIWY AND RECOMMENDA'TIONS

APPENI)IX 13. TABULATION OF CONTRACTS BY CONT1rI ('TOII (Conti i'(l)

Contractor Sponsoring Agency Contract Number Class. Slcifnt II"iell

California Institute of Army Ordnance W.04 200.ORD.455 R Guldl axi.ile, reearch.
Technology (continued)

W 04.200.Oll).14S2 C liovl~et fxeh research.

-' California, University of, Navy Bureau of NOa(s).728 i Ileat tIri.nfer rcseitrcn.
. Los Angeles, Calif. Aeronautics

NOa(s).8649 (continua- R 0s Iordilme regener-tor design.
tion of NOa(s)-7280)

Berkeley, Calif. Office of Naval N6.ori 111, TO.4 and 5 U 5Mlials ,.stesareh.
Research

N7.onr.295, TO.3 U Ieat trztusfer mid aerodmniamics
rescih -it sUilrsonic velocitiesand lor Vressure.

Army Air Forces W-33.03S-ac.15229 U Ileat t uifcr kseircli.

Carnegie Insitute of Office of Naval N6.ori.47, TO-7 U Fuels rerserel.
Technology, Research
Pittsburgh, Pa.

Catholic University of Office of Naval N6.ori.255, TO.2 U Metals rt-,seareJ'.
America, Wash., D. C. Research

Chandler Evans Corp., Army Air Forces W.33.038.ae.9287 U Fuel uctering for German pulse

IIartford, Conn. P.O. 33.038.45.10460.r jets.

Chicago, University of, Office of Naval W46.ori-20, TO-10 U Fuels rc~earch. llyarides.
Chicago, Illinois Research

Colorado, University of, Army Air Forces W-33.038-ac-16678 C Spray f4oruatio and combustion
Boulder, Colorado of liqid fuels.

Commerce, Department Army Air Forces W-33-038-ac-PD C Fuels es-ilability survey.
of, Bureau of Domestic
Conmmerce, Wash. 25, D.C.

Consolidated Vultee INavy Bureau of NOa(s)-7222 C Develop JARIK Iiossile.
Aircraft Corp., Aeronautics
Downey, Calif. NOa(s)-8374 C Develop JAIT issilC.

Navy Bureau of NOrd-9028 i lRamjct design. Rainjet burners.

Ordnance Ignitioi studies. B3UMBLEBEE
Proje~t.

Army Air Forces W-33.038-ae-14168 S Guide(I rxiissile development.
:Projett -M X -7 7 4.

W-33-038ae-14547 (16098) R XP.92 developuent; ducted rocket
developplxet Project; IX-813,
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APPENDIX B. TABUILA'TION OF CONTRACTS BY CONTRACTOR (('ontiuwd)

Contractor Sponsoring Agency Contract Number Class. Specific Field

Continental Aviation & Navy Burean of NOa(s)-7900 U Pulse ,jet, production.
Engineering Corp., Aeronautics
Muskegon, "Mich.

12801 E. Jefferson Army Air Forces W.33.038.ac.13371 (15277) R Pulse jet developnwut.
Ave., Detroit 14, 'Mich. and Navy Bureau.of NAer 40000.120

Aeronautics

Cornell Aeronautical Navy Bureau of NOrd.10057 R&O ITU.MI1hllB HE, Projct.
Laboratory, P.O. Box Ordnmco
56, Buffalo, N. Y.

Office of N'aval N6.ori.119, TO.1 11 Propulsion research. P ro.ject
Research SQU 11).

FM-8 U Supersonic aerodynamics.

Cornwll Univelsity, Office of Naval N6.ori.91, TO-4 U Molecular complexes of boron com-
Ithaca, N. Y. ]eseareh pound..

N6.ori.213, TO.1 V1 Structure of boron hydrides.

N6.ori.264, TO.2 U Statistical mechanical transport
theory.

PM -79i Propagation of comipression and
expansion waves.

Curtiss Wright Corp., Navy Bureau of NOa(s).8275 a Guided missile development.
Airplane Division, Aeronautics
Columbus, Ohio

Navy Bureau of NOrd.8993 C Research on combustion, fuels,
Ordnance aerodynamics. Now under super-

vision of Cornell Acro. Lab. BUM.
BLEBEE Project.

Army Air Forces W.33.038-ac.1416i k1.5831) S Subsonic and supersonic guided
missile design study.

Propeller Division, Wo33.038.ac.14171 R Rocket development.
Caldwell, N. J,

W-33.038-ac.14827 (16276) 'U Iockot propulsion systems.

,..33-038.ac 16269 (17230) R XS.2 airplane rocket powerplant
design and fabrication.

Delaware, University of, Navy Bureau of NO -9845 (Prino contract Combustion research.
Newark, Delaware Ordnance to United Aircraft Corp.)
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SUMMARY AND RECOMMENDATIONS

APPENDIX B. TABULATION 01 CONTRACTS BY CONTRACTOR (Continued)

Contractor Sponsoring Agency Contract Number Class. Specific Field

Douglas Aircraft Co., Army Air Forces W-33-038 ac-10413 (14414) U Supersonic flight research air
Santa Monica, Calif. plane.

W.33.038.ac.14105 S Inter-continental warfare study,
other than surface.

Engineering Experiment Navy Bureau of EES TEST B32.54 (SRD.9) U Metals research.
Station, Annapolis, 'd. Ships

A A%
Experiment, Inc., P.O. Navy Bureau of NOrd.9756 0 Ram jet combustion research.
Box 1-T, Richmond, Va. Ordnance BUMBLEBEE Project.

Fairchild Engine & Air- Navy Bureau of NOrd-9879, TO-2 R Alcohol and hydrogen peroxide in
plane Corp., Ranger En- Ordnance ternal combustion engine.
gine Div., Farningdale,
Long Island, N. Y.

General Electric Co., Navy Bureau of NOrd-8606, Task 503 a Gas turbine development for tor-
Schenectady, N. Y. Ordnanceo pedoes.

Army Air Forces W-33.038-ac-14499 S Research on supersonic pilotless V
aircraft. t

Army Ordnance W.30.115-ORD-1768 0 Bell XS-1 engine development

''Hernes'" missile development.

G. 'M. Giannini Co., Inc., Army Air Forces W-33-038-ac.14473 (16024) R Pulse jet development.
Pasadena, Calif.

W.33.038-ac-15322 U Pulse jet valve study.

Goodyear Aircraft Corp., Army Air Forces W-33-038-ac-14153 S Research and design study on
Akron, Ohio pilotless aircraft.

)iefeo Laboratiories, Inc., Independent work 0 Fuels research for compressorless
Detroit, 'Michigan gas turbine.

Ihughes Aircraft Co., Navy Bureau of NOa(s)-8285 0 Guided missile design.
Culver City, Calif. Aeronautics

Army Air Forces W-33-038-ae-14220 S Rocket missile development.

Illinois Institute of Office of Naval N7-onr.329, TO-2 U Metals research.
Teelmology, Chicago, Research
Illinois

Illinois, University of, Office of Naval N6-ori-71, TO-4, 8 and 9 U Aerodynamics, combustion, fuels,
Urbana, Illinois Research materials research.

N6-ori-71, TO-11 U Mixing of fluid streams.

Army Air Forces W-33-038-ac-14520 (16071) U Ceramics research.
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SUMMARY AND RECOMMENDATIONS '

APPENDIX B. TABULATION OF CONTRACTS BY CONTRACTOR (Continued)

Contractor Sponsoring Agency Contract Number Class. Specific Field

Johns pokins University, Navy Bureau of NOrd-8036 0 BUMBLEBE, researchQ.

Baltimre, Md. Ordnance5

SOffice of Naval N6 ori-243, TO.5 U Supersonic wind ltunncl design.

R esearch

Applied Physics Natvy Bureau of 'NOrd-7386 R BUMBLEBEE Project coordina-
Laboratory, 8621 Ordnance tion.
Georgia Ave., Silver

Spring, 'Md.

Kaiser Cargo, Inc., ,\.ivy Bureau of NOa(s).7153 R Rainjet development.
Ficetwings Division, Aeronautics

iBristol, Pa. NOa(s)-8274 0 Technical study and lpreliminary
i design of pilotless aircraft PA-1.

NOa.80 Pabst rainjet (level opm ent.

M. W. Kellogg Co., Army Air Forces W-33-038-ac-13916 (15588) O Research and development jet ipro.
Jersey City 3, N. J. lulsion unit.

Subcontract under Republic S Rocket and ramjet development.
Aviation Corp. contract
W-33.038 ac.14208

W-33-038-ac.14221 (15891) k; Supersonic air-to-air pilotless air-
craft.

W.33-038.ae.15313 R Turbo-rocket engine.

Lockheed Aircraft Corp., Army Air Forces W-33-038-ac-15916 (17032) UJ Ramnjet tests 20", 30", 48" AMar.
Burbank, Calif. quardt engines.

MfcDonnell Aircraft Corp., Navy Bureau of NOa(s).7896 R Pulse jet production.
St. Louis, B T ULI. Aeronautics

'NOa (s).8646 B Pulse jet development.

NOa(s)-8889 R Pulse jet production.

NOa(s)-8891 R Pulse jet production.

Army Air Forces W-33-038-ac-14856 (16305) R l apjet helicopter rotor develop,
ment and flyable test stand.

Marquardt Aircraft Co., Independent work Company R~aijet helicopter development.
4221 Lincoln Bhvd., Conf.Venice, Oalifda

A ld hiNavy Bureau of P.O. 37517 from U.S.C. to PR raojjt com oonent study.
Aeronautics Marquardt under U.S.C.

:;, Contraet NOa (s) .8257

K C ca eNOa (s)-8271 covers a P.O. 0 lRamjet development.

V) di oploo Grumman Aircraft

: N ' B-18448

NOa(s)-8520 B Pulse jet studies.
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SUMMARY AND RECOMMENDATIONS

APPENDIX B. TABULATION OF CONTRACTS BY CONTRACTOR (Contiiewd)

Contractor Sponsoring Agency Contract Number Class. Specific Field

'Marquardt Aircraft Co. Army Air Forces P.O. 46-170.CA under 0 Afterburner development for 24 C

(eontinued) Douglas Contract engine.
W-33.038.ac.10413

W-33 038*ac.13449 (15356) U Rainjet reaction turbine develop.
ment.

(I XW.33.038.ac-14042 0 Construct six 20" diameter rant-
(15711) AIP 412839 jets.

W-33.O38..e-14123 (15793) U Rainjet helicopter rotor develop.

Ilent.

\-33.038.ac.14152 (15822) 0 Ranjet development.

P.O. GA 525080' under 0 Purchase of Marquardt 26" ran-
Goodyear contract jet and C-20 metering unit.
W-33-038.ae.14153

P.O. GA 525081M under 0 Ramijet development and tests.
Goodyear contract
W-33.038-ac-14153

P.O. 102816 under S ]Ranjet development.
McDonnell contractI W.33.038.ac-14242

, W-33-038.ac-15765 R Ramnjet development. Construct
P.O. (33.038) 47.934-E three 48" diameter M = 0.85 ran-

jets.

W-33-038.ac-16236 U Fuel metering unit procurement.
P1f14186 P.O. 47-2046

W-33.038.ac-16366 R Ramijet control development.

Glenn L. Martin Co., Army Air Forces W 33-038-ac-14158 (15828) S Ground-to-ground guided missile
Baltimore 3, IMd. development.

Massachusetts Institute Navy Bureau of NOa(s)-8632(47) Combustion research.
of Technology, Aeronautics
Cambridge, Mass.

Navy Bureau of NObs-25391, TO-4 and 6 U Metals research.
Ships

, Navy Bureau of NOrd.9107, TO-C C Fuels research. Hydrogen peroxide.
Ordnanco

NOrd.9661 a Aerodynamics, combustion, mate.
rials research. Project ME'E.IqOR

Office of Naval NSori-78, TO-5 U Heat transfer coefficients at su.

& ,?. Research personic speeds.

N5ori-78, TO.11 U Heat transfer research.

48

LAU

%--

% .(~~'(~ a( 4~. . . *** ~**~ %

-r .< Z-Y**-*



SUM1IARY ANI) hECOIMENDATIONS

APPENDIX B. TABULATION OF CONTRACTS BY CONTRACTOR (Continmed)

Contractor Sponsoring Agency Contract Number Class. Specific Field

Menasco Manufacturing Anny Air Forces \V-33-038ac-14759 (16207) 11 Iamjet development.
Co., 80.5 So. San
Fernando Blvd., \V-33.038.ac-15310 R XJ-37 Turbojet production.
Burbank, Calif.

W-535-ac.40690 (10685) R Turbojet development.

Michigan, University of, Navy Bureau of NOrd.7924 it Aerodynamics research. Fuel spray
Ann Arbor, Micl. Ordnance study. BUMBILEIBEE Project.

Oflico of Naval N6 ori.232, TO.4 U Shock wave studies.
Research

National Advisory Com- NA-W-5298 l High temperature materials re.
mittee for Aeronautics search; ceramic lineis for turbo.

jets.

Army Air Forces W-33.038.ae-13433 (15339) it Pulse jet valve study.

W.33.038.ac-14222 (15892) S Wind tunnel tests on supersonic
pilotless aircraft.

Mines, Bureau of, Dept. Navy Bureau of NAer.00597 a Solid fuel preparation.
of the Interior, Aeronautics
Pittsburgh, Pa.

Office of Naval NA-onr.27.47 U Flame studies.
Research

Army Air Forces P.O. 33-038.ac.46-3552.E U Fuels availability survey.

National Advisory Coin- Any Air Forces No contract a Fuels tests.
inittee for Aeronautics,
Flight Propulsion National Advisory No Contract C lamijet, rocket, and tu'bojet de-Research Laboratory, Committee for velopment.
Cleveland, Ohio Aeronautics

National Advisory Com- Office of Naval NA-onr-14-47 U Supersonic wind tunnel design.
mittee for Aeronautics, Research
1724 P St., N.W.,
Washington 25, D. C.

National Research Corp., Army Ordnance W.19.066 ORD 1046 U Metals research.
100 Brookline Ave.,

Boston 15, Mass.

Naval Air Missile Test Navy Bureau of TED-PP-PAU-201-206 C&R Pulse jet and rocket tests.
Center, Pt. Mugu, Calif. Aeronautics

Naval Ordnance Labora- Office of Naval P.O. 45-47 U Aerodynamics of rarif-I , gasestory, White Oak, Md. Research theoretical research.

P.O. 46-47 U Large scale turbulence - theoreti-
cal research.

P.O. 49-47 U Comparative flow analysis-ex.*'-) perimental methods.
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SUMMARY AND RECOMMENDATIONS

APPENDIX B. TABULATION OF CONTRACTS BY CONTRACTOR (Continued)

Nival Ordnance Labora- Office of Naval P.O. 54.47 U Development of high speed numeri.

tory (continued) Research (cont'd) cal techniques for solution of prob-
lems in fluid dynamics.

Naval Ordnance Test Navy Bureau of leGa-order numbers C & S Liquid and solid propellant rockets.

Station, Inyokern, Ordnance
Calif.

Naval Ordnance Test Navy Bureau of ]e6a-order numhers a Ilydropulse and hydro-turbojet de-

Station, Pasadena, Ordnance velopmcnt.

Calif.

TNaval Powder Factory, Navy Bureau of P.O. 275-46 B Fuels research.

Indian Head, 'Md. Aeronautics

Naval Research Labora- Navy Bureau of TED.N.I-i 3401 C Fuels, pulse jet development.

tory, Bellevue, Wash- Aeronautics P.O. 249.46

ington 20, D. C.
Navy Bureau of M-83 SRD 502/46 U Metals research.

Ships

Naval Torpedo Station, Navy Bureau of Re6a-267 C Fuels research. Hydrogen peroxide.

Newport, 1i. I. Ordnance

New "Mexico School of Navy Bureau of NOrd-7822 U 'Missile aerodynamics studies.

Mines, Research and Ordnance
Development Div., NOrd.9817 B V-2 component design and research

Station A, on fluid flow and instrumentation.

Albuquerque, N. 'M. BUMBLEBEE Project.

Now York University, Office of Naval N6.ori-11, TO-2 TI Combustion and aerodynamics re-

45 Astor Place, Research search. Project SQUID.

New York, N. Y.
N6-ori-201, TO-1 U fathematical analysis of aerody-

namics and combustion.

PM-22 to N6-ori-201, TO-I U Fluid mechanics, math ematics an-

alysis, measuring instruments.

North American Aviation, Navy Bureau of NOrd-9784 C Itamjet studies. BUMBLEBEE

Inc., Inglewood, Calif. Ordnance Project.

Army Air Forces W.33-038-ac-14191 (15861) S Ground-to-ground guided missile
design.

Northrop Aviation Corp., Army Air Forces W 33-038-ac-14175 (15845) S Studies and reports on ground-to-

Hawthorne, Calif. ground supersonic and subsonic
guided missiles.

Northwestern University, Office of Naval N6-ori-96, TO-4 U Compressor study.

Evanston, Illinois Research
N6-ori-158, TO-3 U Aerodynamics and combustion re-

search.

Ohio State University, Office of Naval N6-ori-17, TO-2 and 4 U Corrosion and thermodynamics re-

Columbus, Ohio Research search.

,N7.onr-225, 'O-1, 3,4 and 9 U Fuels and materials research.
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SUJIMA PY AND RECOMMENDATIONS

APPENDIX B. TABULATION OF CONTRACTS BY CONTRACTOR (Continued)

Contractor Sponsoring Agency Contract Number Class. Specific Field

Ohio State University, Army Air Forces W.33.038.ae.11101 (14552) R1 Fuels research.
Columbus, Ohio (continued)

W-33.038.nc-14217 (15887) U Ceramics research.

W.33.038.ae*14794 (160243) 1t Fuels research. Liquid hydrogen.

W-33.038-ac-16308 U Metals research.

W-33.038.ac.16368 (17278) if Metals research.

Packard Motor Car Co., Army Air Forces W-33-038.ac-1850 (11728) RI Turbojet design.
1330 Lasky Road,
Toledo, Ohio

Pennsylvania, University Navy Bureau of NObs 2477 1 Thermodymui. properties of

of, Philadelphia, Pa. Ships gases.

Pennsylvania State Col- Army Air Forces W-33-038.ac.13506 (15414) U Ceramics research.
lege, State College, Pa.

Pittsburgh, University Office of Naval N6.ori.43, TO.1 U Fuels research. Thermodynamic
of, Pittsburgh, Pa. Research properties of boron compounds.

Polytechnic Institute of Office of Naval N6.ori-98, TO.2 U Pulse jet valve, combustion, and
Brooklyn, Brooklyn, N. Y. Research materials r e s en r c h. P r oj e c t

SQUID.

N6.ori-206, TO-1 U Boundary layer control.

Princeton University, Office of Naval N6.ori-105, TO-3 U Boundary layer and shock wave
Princeton, N. S. Research interactions. Combustion, chemi.

cal kinetics, and fuels. Project
SQUID.

NO-ori.105, TO.2 U Shock wave studies (transient
fluid dynamics).

FIA.20 U Shock wave studies.

FM-21 (continuation of U Investigation of gas flow by inter.
BuOrd contract NOrd.9240, feromnetry and shock waves.
TO-1)

Purdue University, Office of Naval NG-ori.104, TO-l, and 2 U Metals research, combustion, fuels

Lafayette, Indiana Research and instrumentation r es ea r c h.
Project SQUID.

Radioplano Co., 7901 Navy Bureau of NOa(s)-8627 a Ramjet test vehicle study.
Woodly Ave., Metropolitan Aeronautics
Airport, raan-Nays, Calif.

Reaction Motors, Inc., Navy Bureau of NOa(s)-7070 a Rocket production.
Dover, N. J. Aeronautics

NOa(s).7866 a Rocket development.

NOa(s)-8239 R Rocket development.

N0a(s)-8358 R Servicing equipment design.

NOa(s)-8368 0 LARK rocket production.
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SUMAMARIY AND RECOMM13ENDATIONS

APPENDIX B. TABULATION OF CONTRACTS BY COINTRACTOR (Continued)

Contractor Sponsoring Agency Contract Number Class. Specific Field

Reaction Motors, Inc. Navy Bureau of NOa(s).Si31 U Rocket development.
(continued) Aeronautics

(continued)
NOa(s)S.540 I t Rocket researchi and development.

Army Air Forces Subcontract under CVAO a Rocket design.
W.33.038-ac-14168

C-191-SA

Republio Aviation Corp., Army Air Forces W-33 038-ac414208 S Guided missile design Project

Farmuingdale, MkX.773.
Long Ilind,'N. Y

Rensselaer Polytechnic Navy Bureau of NObs.31493 it Metals research.
Institute, Troy, N. Y. Ships

Rutgers University, Army Air Forces WV.33 O3S8:ic.L5S00 u Ceramics research.
INew Brunswick, N. J.

"1 yan Aeronautical Corp., Navy Bureau of N.Oa(s).S605 24-0 aifterburner.
San Diego, Calif. Aeronautics

Army Air Forces WV-33.038-ac-l4265 (15935) S Solid rocket design.

Independent work Materials and inst rumnentation. -

Southern California, Navy Bureau of NOa(s)-759S (1 Ramujet development.
University of, Aeronautics

41Los Angeles, Calif. NOa(s).S161 a Ranjet design.

N Oa (s)-S257 a Combustion chamber and diffuser
development.

Office of Naval N6.ori*238, TO-1 U Boron compounds. Ihydrides.
Research

Standard Oil Develop- Navy Bureau of NOrd- (f )1414 and C hinjet: fuel system, and com*
ait Laboiatoky, P.O. Oidnance N 01d-923" bubloi du~ulopinienI. BUMBLE

Box 243, Elizabeth, N. J. BEE Project.

Office of Naval NO-ori-l09, TO-l Combustion research.
Research

Standards, National Navy Bureau of NAer.00616 C Solid fuels research.
Bureau of, Connecticut Aeronautics
Ave. and Van INess St., NAer*00617 R Liquid and gaseous fuels.

* NAV., WVashington, D. C. Combustion research. '

NAer 00623 UJ Hydrocarbon fuels research. .:.

Office of Naval NA-ori-2-47 U Ceramics research.
Research

-NA-onr.7-47 U TIhermodynamic p~roperties of in.
organic substances.
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SUINIA111Y AND )IECOIIMMENDATIONS

APPENDIX B. TABULATION OF CONTRACTS BY CONTRACTOR (Continued)

Contractor Sponsoring Agency Contriact Number Clas?. Specific Field 1-

Standards, National Office of Naval NA.onr.S47 U Fuels research. Boron conmponld.
Bureau of (continued) Research

National Advisc.ry Coni- S46-3, $47-1, S47.3 U Aerodynamics research.

oitter for Aeronautics

Army Air Forces W.33.038.47-1468.E U 'rest Lstr,,ient developn|s'at.

Navy Bureau of S&A 25444 U Thcrmocouple pyrometers for gas
Ships NIS Project 3223 turbines.

Stanford University, Office of Naval N6.ori.154, TO.5 U Corrosiou research.
Palo Alto, Calif. R esearch ,

N7onr.251, TO.2 U leat transfer and flow.friction

studies.

National Advisory Coal- NA-W.-W Thrust augmentatinn research.
mittec for Aeronaatics

Stevens Institute of Tech. Navy Bureau of NObs.45091 R Metals research,

nology, Hloboken, N. J. Ships

Syracuse University, Army Air Forces W.33.038.ac.15941 U Metals research.
Syracuse, N. Y.

Texas, University of, Navy Bureau of NOrd.9195 It Fuels, and combustion research.
Defense Research Lab. Ordnanco BUMBLEBEE Project.
oratory, 50 E 24th St.,
Austin, Texas r

Union Oil Co. of Calif., Army Air Forces W-33-038-ae-13468 (15375) it Hydrocarbon fuels research.
Wilnington, Calif.

United Aircraft Corp., Navy Bureau of NOrd 9845 C Rainjet, aerodynamics, and coml.
East Hartford, Conn. Ordnance lmstion research. Pro.ject 'MH.

TEOR.

Virginia, University of, Navy Bureau of NOrd.7873 0 Research on the physics of fluid
Charlottesville, Va. Ordnance flow. Boundary layer and shoch

.. 14 wave studies. BUMBILEBEE Pro.
ject.

Independent work U Wind tunnel design study.

Washington, University Office of Naval N6-ori-217, TO.1 U Boundary layer control for wide
of, Seattle, Wash. Research angle diffusers.

W \Visconsin, University of, Navy Bureau of NOrd-9938 R Fuels and combustion research.
-"Madison, Wisconsin Ordnance BUMBLEBEE Project.

Wright Aeronautical Army Air Forces W-33 038 ac-14145 (15815) R To|rbo-propeller and turbojet
Corp., Woodridge, N. J. studies.
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SUM.IAIRY AND RECO.1MENI)ATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXIST'ENCE

a. Subsonic

Organization - Maximum Balance Size of Throat; H1orse-
Location Speed System Section Type power Remarks

Akron, University of, 124 mph 6/ ft. din. Open;
Akron, Ohio return

Alabma, University of, 120 mph 2 ft. 5 in. x Open or
Tuscaloosa, Alabama 3 ft. closed;

return

Allied Aviation, 110 m1ph 7/( ft. din. 
laltimore, .Maryland

California Institute 200 mph 10 ft. din. Closed; 1/4 - 4 atmosphers var-

of Technology, Pasadena, return able pressure water cooled
California

California, University 90 mph 3 x 3 ft. Open;
of, Berkeley, California return

350 mph 7 in. Non.return Vacuum operated
t

Carnegie Institute of 100 mph 4% ft. dia. Open
Technology, Pittsburgh,
Pennsylvania

Case School of Applied 100 mph 3 x 3 ft. Closed; 75 Atmospheric

Science, Cleveland, Ohio return

Catholic University, 40 mph 3 component 6 x 6 ft. 120 Model stationary air twist

Washington, D. C. balance

40 mph 8 x 8 ft. Closed; At Cabin John, Maryland
non-return

70 mph 3 x3 ft. 80

Consolidated Vultee 100 mph 15 ft. dia.
Aircraft Corporation,
Downey, California 275 mph 4 ft. din. 300 Atmospheric

Consolidated Vultee 300 mph 6 component 8 x 12 ft. Closed; 2250 Atmospheric
Aircraft Corporation, Baldwin Octagonal return
San Diego, California Southwark

Curtiss-Wright 90 mph U.S. Army Open
Corporation, Caldwell, modified NPF
New Jersey

Detroit, University of, 104 mph 7 x 10 ft. Open or Atmospheric
Detroit, Michigan closed

Douglas Aircraft, 175 mph 30 x 45 in. 75 Atmospheric
El Segundo, California 48 in. long
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SU3MARY AND RECOMMENDATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXISTENCE "-

a. Subsonic (Continued)

Organition Maxiamuil Balance Size of Throat; orse-

Loeation Speed System Section Tyle power Remarks

Georgia Institute of 125 mph 9 ft. dia. Closed;
Technology, Atlanta, return
Georgia 

r-

G. M. Giannini, iiO mph 1 x 1 ft. Closed;

-I] Pasadena, California return

I3 F. Goodrich ('ominpmy, 80 mph None 18 x 36 in. Ope; 20 Icing Tests S i.
Akron, Ohio Elliptical return Elliptical Test Section

30 in. long

Guggenlhcin Airship 24 mph 15 x 16 ft. 35 Whirling arm
Laboratory, Akron, Ohio 

3-l a

34 mph 12 x 12 ft. 1000 Vertical gusts tunel

125 nph 61/, ft. dia. Open 225 Lift, drag, yaw, 1aonments

and pressure distribution ,\

Harvard University 175 nph 30 x 40 in. 80 Flight stability of iccn.
Cambridge, Massachusetts 

diary bombs o."

Illinois, University of, 130 mph 30 x 48 in. Closed 50
Urbana, Illinois

Kansas, University of, 90 mh 5 ft. dia. Closed;

Lawrence, Kans.s return

Lockheed Aircraft 300 mph S x 12 ft. Closed; 1250 Atmospheric L
Corporation, Burbank, 

return

California
180 mph 12 in. circular Closed; 2000

return

Louisiana State 100 mph 4 ft. din. Closed
Univorsity, University,
Louisiana

Maryland, University of, 100 mph 3 ft. dia. Open
College Park, Maryland

350 mph 6 component 7:% x 11 ft. Closed;
balance return

SMassaehusetts Institute 80 nph 7%M ft. dia. Closed; 2800 Force meaimrcnements and

of Technology, Cambridge return powered model tests
* Massachusetts

95 mph NPL Balance 5 ft. dia. Closed; 95
return

120 mph NPL Balance 5 x I/ ft. Closed 100 Atmospheric

130 mph at 6 Component 7% x 10 ft. Closed; % to 4 atmospheres vari.

4 atmospheres ''Truncated 18 ft. long Elliptical 2000 able pressure
404 mph at pyramid' Water cooled
4 atmospheres wire balance
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SU.MI.AIIRY 'AND IECOMMENDATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXISTENCE

a. Subsonic (Continued)

Organiration- Maximum Balance Size of Throat; Iforse-
Location Speed System Section Type power lenmarks

Michigan, University of, 100 mph 3 component 8 ft. Crocco Under niodification
Ann Arbor, Mlichigan wire octagonal Closed;

double.
return

Minnesota, University of, 100 mph 3 component 4x x 4 ft. Open;
Minneapolis, Minnesota wire return

160 mph Electric 7 x 10 ft. Closed; 450 Atmospheric
oelf-balaning return
6 component
beam balance

National Advisory 64 mph Structural 5 ft. din. Closed;
Committee for ring return
Aeronautics, Flight
Propulsion ILboratory, 90 mph Wire and 5 ft. din. Closed;

Cleveland, Ohnio modified NPL non-return

435 mph 6 x 9 ft. Single; 4160 Icing tuenel to -20*0
return

500 mph 20 ft. dia. Closed; 18000 0.17 to 1 atmospheres vari.

return able pressure. (To 50,000
ft.) Air interchange u) to
6000 pounds per minute

National Advisory 60 mph 12 ft.- Open; 280 Free flight tunnel. Freon
Committee for 12-sided return 12 gas used
Aeronautics, Langley polygon
Field, Virginia

62 mph 20 ft.- Closed; 400 Free spinning tunnel
12-sided vertical,

N.,
polygon annular

return

100 1nR0 Oatapilt Ind Rx 14 ft. Open; 75 Model catapulted auioSS
(Model) Air arresting gear return -'rtical air jet of return
gusts to 25 ft. flow tunnel
per seeouzd

118 mph Full-scale Open;
double-
return

320 mph 30 x 60 ft. Open 8000 Drag tests
elliptical
56 ft. jet length

165 mph 3 x 71 x 7 ft. Closed; 195 Low turbulence tunnel
return

(220 mph) (6x 6ft.) Closed; 600 Adjustable working see-
(220 mph) (6.3 ft. din.) return tion size
(360 mph) (6 x 2 %. ft.)

22 ft. jet length
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SUMMARY AND RECOMMENDATIONS

APPENDIX 0

1. WIND TUNNEL FACILITIES IN EXISTENCE

a. Subsonic (Continued)

Organization - Maximum Balance Size of Throat; H1orse.
Location Speed System Section Type power llemarks

National Advisory 250 nph 19 ft. din. Closed 8000 1 to 21/1 atmospheres vari.
Committee for 2% atmospheres 28.5 ft. jet length abie pressure
Aeronautics, Langley

%1 Field, Virginia 300 mph 7 x 10 ft. Closed; 1600 Stability and control tun-
15 ft. jet length return nel

300 mpl at 3 x 7/ ft. Closed; 2000 1 to 10 atmospheres vari.
1 atmosphere return able pressure

Air cooled

National Advisory 255 mph 3 component 40 x 80 ft. Closed;
Committee for balance oval return
Aeronautics, Moffett
Field, California 300 mph 6 component 7 x 10 ft. Closed; 1600 Atmospheric

Taller and. 14.72 ft. long return
Cooper Half
Yoke

300 mph 6 component 7 x 10 ft. Closed; 1600 Atmospheric
Taller and 14.72 ft. long return
Cooper Half
Yoke

National Bureau of 100 mph NPL- wire 10 ft. din. Closed; 700 Boundary layer studies
Standards, Washington, balance 40 ft. jet length non.return
D. 0.

100 mph NPL 4 /, ft. dia. Closed; 75 5 screen turbulence re.
19 ft. long non.return ducer. Air cooled

205 mph 6 ft. din. Closed; 750 5 screen turbulence re.
12 ft. 8 in. long non-return ducer. Air cooled

Navy Department, #1 180 mph 6 component 8 x 10 ft. Closed 710 Coarse screen turbulence
David W. Taylor M.lodcl Toledo 14.25 ft. jet, corrvetob uatur -cuulcd;
Basin, Washington, D. C. length atmospheric

Navy Department, #2 160 mph 6 component 8 x 10 ft. Closed 750 Coarse screen turbulence
David W. Taylor Model Toledo 14 ft. long max. correctors water-cooled
Basin, Washington, D. C.

Navy Department, 75 mph Zahn 6 com- 8 x 8 ft. Closed; 500 Atmospheric
Navy Yard, Washington, ponent 33 ft. long return

] D. 0.

107 mph Cross-arm 6.3 ft. din. NPL Open; 200 Atmospheric
type 6 ft. 7 in. return

jet length

New York University, 48 mph Cross-arm 4 x 4 ft. Closed
New York, New York Zahn

140 mph 9 ft. Closed;
Octagonal return
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SUMMARY AND RECOMMENDAJ'IONS

APPENDIX C

1. W¢IND TUNNEL FACILITIES IN EXISTENCE

a. Subsonic (Continued)

Organization - Maximum Balance Size o Throat; Hlorse-
Location Speed System Section Type power ]emarks

North American Aviation 300 mph 6 component 7"% x 11 ft. Closed; 2800 Atmospheric
Corporation, Inglewood, magnetic return
California balance

Northrop Aircraft 160 mph 10 ft. dia. 1000 Tailless airplane tests
Cbrporation, IIawthorn,, 10 ft. long atmospheric
California

Northeastern University, 115 mph 3 ft. dia. Closed
Boston, Massachusetts hexagonal

Notre Dame, University 75 mph 3Q x 38 in.

of, Notre Dame, Indiana

Ohio State University, 105 mph 3 ft. Closed;
Columbus, Ohio octagonal return

Oklahoma, University of, 300 mph 4 x 6 ft. Closed;
Norman, Oklahoma elliptical return

Pennsylvania State 130 mph 3 x 4 ft. Open or 125 Atmospheric
College, State College, closed;
Pennsylvania return

280 mph 2 x 3 ft. Open or 250 Atmospheric
5 ft. long closed;

return

Pittsburgh, University 90 mph S x 12 ft. Open or
of, Pittsburgh, closed;

4 Pennsylvania return

120 mph 4 ft. din. Open

P'olytetiiic Institute 100 mph 30 x 40 in. Low turbulence (also small
Pf Brooklyn, Brooklyn, associated tunnels for in.

New York struction purposes)
135 niph 3 ft. 5 ill. x Open or

3 ft. 5 in. closed

Princeton University, 200 mph Wire balance 4 x 5 ft. Closed; 250 Educational
Princeton, New Jersey return

Reaction Motors, 150 mph 2 sq. ft. Open; non.
Incorporated, Dover, return
Now Jersey

Rensselaer Polytechnic 90 mph 8 x 12 ft. Open or
Institute, Troy, New York closed

130 mph 4x6ft, Closed; 150
return
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SUMMARY AND RECOMlENDATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXISTENCE

a. Subsonic (Continmed)

Organization - Maximum Balance Size of Throat; Horse-
Location Speed System Section Type power Rlemarks

Southern California, 105,000 cu 17 x 20 in.
University of, at ft/win 0t
Fontana, California 35 psig

Southern California, 100 mph 3 x 5 ft. Closed;
University of, at return
Los Angeles, California 400 mph 2-ft. din. Closed;

return

Stanford University, 100 mph Hanging Wire 7.5 ft. din. Eiffel
Palo Alto, California

State College, Pullnan, 150 mph 3 ft. dia. Closed;
Washington hexagonal return

Texas A & M, College 1.50 mph 7 x 10 ft. Closed; 800
Station, Texas non-return

Tri State College, 100 mph 51 x 30 in. Open
Angola, Indiana

United Aircraft 100 mph 4 x 6 ft. 75 Pilot tunnel
Corporation, Research octagonal
Division, East Hartford,

Connecticut 170 mph 15 x 60 in. Laminar flow channel

550 mph 8 in. dia. Closed Iodel of 18 ft. wind tun-
nel

(200 mph) (18 ft. dia.) Closed; 5000 (1 tunnel with interchange.
(600 mph) (8 ft. dia.) return able working sections).

Exchange cooling. Effec-
tive altitude 16,000 feet

United Aircraft 55 mph 5 ft. dia. 20
Corporation, Sikorsky
Division, Stratford,
Connecticut

Virginia, University of, 120 mph 30 x 50 in. Open or
Charlottesville, Virginia closed;

return

War Department, Army 150 nph 12 ft. Vertical; 1000 Spin tunnel, atniospheric
Air Forces, Wright Field, 16-sided closed
Dayton, Ohio polygon

300 mph 5 ft. dia. Closed; 900
18 ft. jet return
length

350 mph open 20 ft. dia. Open or 30000 Up to 2 atmospheres vari-
450 mph closed 20 ft. jet closed; able pressure. Power sup-

length return plied for supersonic run-

ning. Brine radiator cool-
ing
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SUMMARY AND RECOMMENDATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXISTENCE

a. Subsonic (Continued)

Organization 'Maximum Balance Size of Throat; Horse-
Location Speed System Section Type power Remarks

Washington, University 55 mph NTPLBalance 4 x 4 ft. Closed Boundary layer control

of, Seattle, Washington auxiliary apparatus, free flight

90 mph 3 ft. hexagonal

250 mph 8 x 12 ft. Closed; 1000 Flutter model and general
return tests

Wichita, Municipal 112 mph 4 ft. din. Closed;

University of, return
Wichita, Kansas
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SUMMARY AND RECOMMENDATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXISTENCE

b. Transonic

Organization ,Maximum Balance Size of Throat; 11orse.
Location Speed System Section Type power ]Rcmarks

Boeing Aircraft Company, Mach No. Magnetic 8x12 ft. Closed; 15000 Slanting arch cover over
Seattle, Washington 0.95 Octagonal return working section

15 ft. jet Exchange and spray vane
length cooling

Approx. Approx. Closed
Mach No. 1 7x7 ft.

California Institute Mach No. 6 component 8 x 12 ft. Closed; 12000 1 -- 4 atmospheres vari-
of Technology, Pasadena, 0.95 balance with return able pressure water cooled

California 1, 2, or 3 (Cooperative wind tunnel)
strut support

Guggenheim Aeronautical Macl No. 2 x 20 in. Two.dimensional tunnel
Laboratory 0.8 to 1.1

fach No. I x 10 in. Induction Two.dimensionalhighspeed
0.8 to 0.9 typo subsonic tunnel

Cornell Aeronautical -Mach No. 8 x 12 ft. Closed 9000 Exchange cooling 1/1

Laboratory, Buffalo. 0.4 at 4 atmos. normal, 4 atmospheres variable
New York jMach No. 15000 max. pressure

0.6 at I atmos.

Mach No. 0.9
at 1/ atmos.

Mach No. 1.63 x 2.35 in. 300 Atmospheric
0.95

Mach No. 3 x 16 in. Closed 600 Atmospheric
0.95 circuit

Lone Star Laboratory, Low subsonic 3 component 19 x 27% in. Closed; 16000 '/ to 3 Atmos
Daingerfield, Texas to near super- balance; non.return
(Bureau of Ordnance, sonic inside sting
Navy Department)

National Advisory Mach No. Ring framed 8 ft. dia. Closed; 16000 11 screen turbulence re-
Committee for 0 to 1.0 Toledo 14.4 ft. jet return ducer. Air cooled
Aeronautics, Langley length
Field, Virginia

Mach No. 12 ft. din. Closed 11000
0.4 to 1.0

Mfach No. 7 x 10 ft. Closed; 10000 Atmospheric tunnel
1.0 15 ft. jet return

length

Mact No. 24 in. dia. Closed;
1.0 16 in. jet non-return

length

Mach No. 3 component 4 x 18 in. Closed; Atmospheric tunnel
0.2 to 1.4 mechanical 10 in. jet non-return

balance length
beams
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SUMMARY AND lECOMMEN'I)ATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXISTENCE

b. Transonic (Continued)

Organization - Maximum Balance Size of Throat; Ilorse-

Location Speed System Section Type power lRemarks

National Advisory Mach No. 4% ft. din. Induction 0 to 1.8 atmospheres

Committee for 0.812 to 9 ft. jet type;
Aeronautics, Langley 1.0 length Closed 1000 Uses Freon 12 - for

Field, Virginia throat flutter research

National Advisory Mach No. 1 x3 / f t. Closed; 2000 Low turbulence tunnel

Committee for 1.0 return
Aeronautics, 'Moffett

Field, California Mael No. 16 ft. din. Closed; 27000 Air exchanger
0.05 to 0.90 return

Mach No. 12 ft. dia. Closed % to 6 atospheres vari-

0.4 to 0.98 able pressure. Screen in.
let. Water cooled

War Department, Army Mael No. 10 ft. dia. Closed 40000 'I to 2 atmospheres eari.

Air Forces, Wright 1.0 16 ft. 7 in. able pressure

Field, Dayton, Ohio long

War Department, Army Mach No. Tate.Emory 15 x 20 in. Closed 6000 0.4 to 1.7 atmospheres

Ordnance, Aberdeen 0.1 to 0.9 hydraulic 20 in. long normal (Also listed in supemrsic
Proving Ground, cells 9000 group)
Aberdeen, Maryland max.

Mach No. Tate-Emory 15 x 20 in. Closed 13000 0.03 to 0.3 atmospheres

0.1 to 0.9 hydraulic 36 in. long (Also listed in supersonic

cells group)
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SUMMARY AND RECOMMENDATIONS

APPENDIX C

1. WIND TUNNEL FACILITIES IN EXISTENCE

e. Supersonic

Organization - Maximmn Balance Size of Throat; Horse-
Location Speed System Section Type power Remarks

California Institute Mach No. 2 x 2 in. Exhaust Pilot. to Aberdeen tunnel
of Technology, Pasadena, 3.2 operated
California, Guggenheim
Aeronautical Laboratory Mach No. 2/ x 2I in. Continuous operation

4

California, University Mach No. x lin. Closed; Vacuum operated steam
of, Berkeley, California 3 non-return ejector powered, at 1 in.

of I1g.

Cornell Aeronautical Maelt No. 21/ x 6%, in. Closed; 600 Vacuum operated -
Laboratory, Buffalo, 1.7 non-return Atmospheric
New York

Lockheed Aireaft Mach No. 3 x 16 in. Open; non.
Corporation, Burbank, 1.4 return
California

Lone Star Laboratory, Mach No. 3 component 19 x 27 in. Closed 16000 Speeds varied by changing
Daingerfield, Texas 1.25 balance; throat nozzle sizes. % to 3 atmos.
(Bureau of Ordnance, Mach No. inside sting Arranged for combustion
Navy Department) 1.50 chamber tests

Macli No.
1.75
Mach No.
2.00
Macth No.
2.25
Mael No.
2.50

Michigan, University of, Mach No. 3 component 8 x 13 in. Closed; Vacuum operated
Ann Arbor, Michigon 4 to 4.5 wire balance non-return

National Advisory MacI No. 18 x 18 in. Closed; Exnust from large tunnel
Committee for 2.2 non-return
Aeronautics, Flight
Propulsion Research Mach No. 20 in. dia. Closed; Exhaust from large tunnel
Laboratory, Cleveland, 1.85 non-return
Ohio

Mach No. 3'/ x 3 in.
2.0

National Advisory Mach No. 3 component 7'/. x 71/j in. to Closed; 1000 11 to 1/3 atmospheres
Committee for 1.35 to 2.0 mechanieal 7/ x 9 in. non-return
Aeronautics, balance 11 in. jet variable

Langley Field, beams length
Virginia

Mach No. 4 x 4 in. Closed; Sub atmospheric tunnel,
2.2 non-return flutter research
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-\' " : gU,1LIRY AND hRECOJIMENI).'IIO,\S

,. ,APPENDIX 0
':" 1. WIND TUNNErj FACILITIES IN EXISTENCE

~c. Supersonic (Continued)

Organization Maxinum Balance Size of Throat; H~orse-Location Speed System Section Type power R~emarks

National Advisory "MaCh NO. Internal 3 3 x 1 f t. Closed; Pressure fed; variable
Committeo for 2.3 component return density
Aeronautics, balance in
Afoffett Field, sting

Naiori a h No. Internl 3 8 x 8 ill.Clsd
2.6 Component rehtur

balance in~sting

.M'ch No Itenal3 x1 t. Closed; Pressure fed; variable
3.4 component return density

balance in
sting

Nort AmeicanMac :No l:) toV riable speed obtained byAviation, Inc., 1.25 to 41/ i. altering inlet diffuser
Inglewood, 3.25

N' California

Northwestern 'Mach :No. 21/ in. dia.

University, 1.6 at
Evanston, Illinois 25 psi

gauge

. Southern Californiv, 'Mach No. 17 x 20 in. A smaller throat is plan-University of, at 2.5 tied for Mach No. 3.0
Fontana, California

Southern California, 2\ach No. 4 x 4 in. Non-return
University of, at 2.0
Los Angeles, California

United Aircraft 'Mich No. 1.4 6 coponent 55 sq. in. Closed;
l Corporation. East 'Ma h No. 1.5 ir. halance partial 

rHartford, Connecticut ah No. 1.6 J(nder con- return
struetion)

• War Department, 'Mach No. 6 component 2 x 2 ft. Closed; 5000 119 to 2 atos. PressureArmy Air Forces, 2.5 Eastman return fed; brine radiator cooled
Wright Field, magnetic 

!Dayton, O io cells

War Department, Mach No. Tate-Emry 15 X 20 ill. Closed 6000 to 0.4 to 1.7 alins. PressureArmy Ordnance, 1.3 to hydiaulic 20 in.long 9000 operated bomb tunnel.Aberdeen Proving 1.7 cells mx. (Also listed in Transonic '
Ground, Aberdeen, group)Maryland 

t;Mach No. Tate-Etnory 15 x 20 in. Closed; 13000 0.03 to 3 atmos. Pressure |i 1.1 to ydrauli c 36 in. long return operated ballistics tunnel,t* 4.4 cells (Also listed in Transonic, ,g, 
group),

','2 65"
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SUMMARY AND RECO,11,1IENDATJON\S

APPENDIX C

2. WIND TUNNELS IN ])ESIGN OR UNI)ER CONSTRUCTION

Organization Maximum Balance Size of Throat; IHorse-
Location Speed System Section Type power Remarks

Applied Physics raclh No. 1 x 2.2 in. Hypersonie tunnel inter.
Laboratory, Forest to 7 with niitteat flow
Grove Burner Laboratory, air
Forest Grove Station, Mael No.
Maryland to 15 with

heliuim

Bell Aircraft Macllh No. 12 x 12 in. 'roposed supersonic chart.
Corporation, Buffalo 5, 2.5 to 4 to 24 x 24 in. nel for aerodynamic and
New York combustion tests

California, University Maeh No. In design Open Continuous low pressure
of, Berkeley, 1.5 to tunel
California 4.0

California, Institute Mach No. 5 x 5 in. In design
of Technology, 10.0
Guggenheim Aeronautical
Laboratory, Pasadena,
California

California Institute 'Mach No. 3.0 15 x 15 in.
of Technology, Jet
Propulsion Laboratory, Mach No. 4.8 15 x 20 in. Proposed 9000

Pasadena, California closed
throat

Johns Hopkins Maeli No. 2 x 2 ft.
University, 4.0
Baltimore, Maryland

Johns Ho)kins Maclh No. 11/2 x 2.2 in.
University, 10
Laurel, ,Maryland

Marquardt Aircraft 'Mach No. 5 x 7 ft. Ramjet cold flow test tun.
Company, Venice, 0.5 to 48 in. nel for fuel distribution
California 0.9 30 in. studies

Maryland, University "Mach No. 7%4 x 11 ft. 2800
of, College Park, 0.42
Maryland

Massachusetts Institute Maclh No. 18 x 24 in. Closed 10000 Speed varied by changing
of Technology, Cambridge, 1.5 throat to nozzle size. Due for opera.
Massachusetts afah No. 12500 tion latter part 1948

2.0 estimated
Mach No.
2.5

Michigan, University Maclh No. 9 x 13 in.
of, Ann Arbor, 5.0
Michigan
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:3 SUMMAIRY AND RECOIJMEN)ATIONS

APPENDIX C

2. WIND TUNNELS IN DESIGN OR UNDER CONSTRUCTION (Continued)

Organization - Maximumn Balance Size of Throat; Horse-
Location Speed System Section Type power Remarks

Minnesota, University Mach No. 42.6 sq. in. Closed; Designed specifications of
of, Gopher Ordnaneb 1.0 induction removable test sections
Works, losemont, Mach No. 58.1 sq. in. typo and throats for transonic
Minnesota 2.0 tunnel. (See. A, Part 2)

IMach No. 64.3 sq. in.
-2.',?,.5J

Maeh No. 67.7 sq. in.
3.0

Transonio 3 component 16 x 16 in. closed; Under construction

balaned induction
typo

Mach No. 16 sq. ft. In study stage
2.5

National Advisory 'Mach No. 6x 8 ft. Closed Under construction
Committee for 2.0 throat
Aeronautics, F'light

Propulsion lesearch Mael No. 2 x 2 ft.
Laboratory, Cleveland, 4,5
Ohio

National Advisory Mach No. 4 x 16 in. E.perimental tunnel under
Committee for 0.3 to construction for ONI
Aeronautics, Langley 1.4
Field, Virginia Muach No. 4 x 4 in.

1.4 to
4.0

Mach No. 16ft. dia. (Modification of present b
0.9 circular tunnel)

Natiomal Advisory Mach No. Ox 6ft. Continuous operation
Committee for 1.8

*; Aeronautics, Itoffett

Field, California Mach No. Closed
throat

Maclh 'No. 1 ft. x 3 ft. Closed Intermittent operation
3.4 rectangular throat

Navy Department, Maeh No. 1.22 3 component 40x 40 cm Vacuum Kochel tunnels
Naval Ordnance to 5.18 spring typo operated; 'Blow down" typo

"Laboratory, White Mach No. 1.3 magnetic pick- 18 x 18 onm non-return
Oak, Maryland to 5.2 up remotely

Mach No. 2.5 mounted (40 x 80 x 80 cm
to 5.2 40 on tunnel

only) 12 x 12 cm

Navy Department, Macth No. 9.84 ft. din. LFM 16COO Under construction
David W. Taylor Model 0.90
Basin, Carderock,
Maryland Mach No. 8 x 8 in. sonthofen German tunnel

% % 3.2
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SUMMARY AND RECOMMENDvATION~S

APPENDIX 0

2. NVINI) TUNNELS IN DESIGN OR UNDER CONSTRUCTON (Continueid)

*Organization - 'Maxinnum Balance Size of Throat; Horse-
Location Speed System Section Tyopower Rlemarks

North American Maclh No. 6 com1ponent 10% X Intermuittent flow 15-20
Aviation, Inc., 4.5 wire 15% in. seconds duration
Inglewood, ''truncated

* aliforia pyamid' type
(strain gauge)

Princeton University, Maclh No. 4 x 5 in. to Closed; Under construction
Princeton, New Jersey 1.5 t o 4 x S in. exhaust

5.0 operated

Maclh No. 3 x 1 '/_ in. to Closed; Under construction
1.5 to 3 x 3 in. exhaust
5.0 operated

Wa VnDepartment, Army Maclh No. 1.31 x 1.31 ft. 4500 Ottobrun tunnel

Wanshington, University 'Maclh No. Fe lwtne
of, Seattle, Washington 4.0 to (Design stage)

8.0

Bum KINRIN OMPNY, ostn, Aass
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