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LETTER OF TRANSMITTAL

To THE CONGRESSOF THE UNITED STATES:
In compliance with the provisions of the act of Alarch 3, 1915, establishing the National Advisory Committee

for Aeronautics, I transmit herewith the Twenty-sixth Annual Report of the Committee covering the fiscal year
ended June 30, 1940.

l?RANKLIN D. ROOSEVELT.

THE WHITE HOUSE,
January 1$, 1941.
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LETTER OF SUBMITTAL

NATIONAL ADVISORY COMMITTEEFOR AERONAUTICS,
Navy Budding, Washington, D. C.,

Decender 27,1940.
MR. PRESIDENT: e

In compliance with the provisions of the Act of Congress approved March 3,1915 (U.S. C., title 50, sec. 153),
I have the honor to submit herewith the Twenty-Sixth Annual Report of the National Advisory Committee for
Aeronautics covering the fiscal year 1940.

As results of the Committee’s investigations are in an increasing measure of a secret or confidential character,
this annual report, out of consideration for the public interest, does not disclose the full scope of the Committee’s
work.

One of the essential requisites for retaining leadership in the technical development of aircraft is more and
more research. Technical progress is so rapid and the advantages of new improvements so great that research
in time of emergency is of even greater relative importance than in time of peace.

The Committee has organized its research activities to answer primarily the research needs of the military
services, including special and direct collaboration with aircraft manufacturers on matters looking to improvement
in the design and performance of American aixcraft.

With increased research facilities at Langley Field and at Moffett Field, California, there is a definite accel-
eration of progress in improving aircraft performance. Recent authorization of an aircraft engine research labora-
tory, which will be constructed at Cleveland, Ohio, will further strengthen the Committee in its etiorts to keep
the United States foremost in the teclsaical development of aircraft.

Respectfully submitted.
VANNEVAR BUSH, Cha{rman.

THE PRESIDENT,
The White House, Washington, D. 0.
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TWENTY-SIXTHANNUAL REPORT
OF THE

NATIONALADVISORYCOMMITTEEFOR AERONAUTICS
wAsE~GToN, D. C., iVovember %’6,194.0.

To mm! CONGRESSOFTHE UNITEDSTATES:

In accordance with the act of Congress approved
March 3,1915 (U.S. C., title 50, sec. 151), which estab-
lished the National Advisory Committee for Aeronau-
tics, the Committee submits herewith its Twenty-sixth
Annual Report for the fiscal year 1940.

The Committee has found it necessary in the national
interests to withhold from public distribution the de-
tailed results of its researches. Therefore, until -world
conditions change, this and succeeding Annual Reports
will deal only in general terms with the restits
accomplished.

This report describes in general terms many investi-
gations now in progress, each of which maybe expected
to add something in speed, maneuverability, load ca-
pacity, range, safety, or economy, to the merit of Ameri-
can airplanes. Several of these investigations already
definitely promise large advances. The Committee h=
been calIed upon to investigate problems of immediate
importance to the Army and Navy involving the means
of obtaining the quickest and greatest possible improve-
ments in the perf ormance of aircraft. The Committee’s
function therein is limited to questions of aeronautics.
Designing adapted to meet military requirements lies in
the province of the military services.

The most significant developments of the past year in
relation to the Committee’s work may be briefly sum-
marized as follows:

1. A rapid trend for the improvementof aircraft performance
growing out of the war in Europe and reflectedin the demands
upon the Committeeby the Army and Navy for basic new data
essential for the design of aircraft of ever-increasingperform-
ance.

2. Great expansionin aircraft productionrequiring the devel-
opmentof quantity production methods.

3. An extensive Army and Navy experimental program for
the production of new types of aircraft to meet constantly
increasing performance requirements.

4. The authorization by law of an aircraft engine-research
laboratory which will be a third major research station for
the Committee.

The trend in aircraft development,—The outstanding
trend produced by the present war in Europe is toward
the development of aircraft having higher speeds and
greatly increased armor and armament.

To meet the requirements of increased air speed, spe-
cial research studies have been made of airplanes in
current production and also of experimental types.
These studies have included investigations in the full-
scale wind tunnel in the Committee’s Langley Field
laboratory and also the study of the drag of component
parts. ‘

The demand for increased speed has resulted in the
need for much greater horsepower. Whereas pursuit
~irplanes of a year ago were equipped with engines of
1,000 horsepower, they are now being desiamed with
single engines of 2,000 horsepower. The trends toward
increased speed and higher ceiling, toward larger and
heavier engines, toward increased armor and armament,
necessitate larger and much heavier types of airplanes.
This condition has established a definite trend toward
higher wing loadings.

Because of the higher flying speeds demanded by the
Army and Navyj the Committee has given special
study to the important subject of compressibility shock
encountered at high speeds. with the speeds now ah
tainable, it is essential that care be taken to design all
parts of the airplane structure so as to prevent veloci-
ties approaching the speed of sound from occurring
at any point. The 500-mile-per-hour wind tunnel at’ the
Committee’s Langley Field laboratory has proved of
~greatvalue in the study of this problem. .

With increased wing loading, it has become neces-
sary to extend the study of improved high-lift devices
and of lateral-control devices other than ailerons so
as to permit the development of a full-span flap. The
trend toward higher speeds has brought many attendant
problems, such as the need for improved methods of
cowling and cooling of engines, the desiaw of wing
ducts, and of ducts for the cooling of engine auxiliaries.
13igh operating speeds also make it necessary to give
special attention to the design of air scoops and
ventilators.

Relation of research to aircraft production program.-of
more immediate interest to the Army, the Navy, and
the Council of National Def ense is: What can the Com-
mittee’s research organization do to improve the per-
formance of the aircraft that are to be procured under
the current aircraft production program ? The Com-
mittee’s Langley Field laboratory is engaged in criti-

1



2 REPORT NATIOh’AL ADVISORY COMMITTEE FOR AERONAUTICS

cal studies of many types of aircraft proposed for
production, using either air-cooled or liquid-cooled
engines. The Committee is rendering every pos-
sible assistance to the Army and Navy to increase to
the limit attainable the speeds of airplanes going into
production, so that they will be of maximum value
for military use.

Relation of resea~ch to new types of aircraft,-The na-
tional defense demands that improved types of air-
planes should be developed as rapidly as possible, since
other nations are continually making improvements, and
we must not fall behind. Basic research, the~efore, can-
not be discontinued, no matter ho-w pressing may be the
design problems of the moment. It is essential that re-
search laboratories produce a constant flow of new
knowledge that will permit the design of airplanes of
ever-increasing performance to meet the requirements
of the Army and Navy. The Army and Navy have
maintained the closest contact with the Committee’s
laboratories and have taken the fullest advantage of
the Committee’s facilities in the solution of their press-
ing problems. The Army Air Corps has appointed
at the Committee’s laboratory at Langley Field a liaison
officer, and the Navy’s liaison officer, having headquar-
ters in Washington, visits Langley Field at regular and
frequent intervals.

Expansion of research facilities.-The Committee has
two major research laboratories, one at Langley Field,
Vs., known as the Langley Memorial Aeronautical
Laboratory, and the other at Moffett Field, Calif.,
known as the Ames Aeronautical Laboratory. The lat-
ter was authorized by act of Congress approved August
9, 1939. The flight research laboratory was the first
unit of the Ames Laboratory to get into operation.
Other units wilI be placed in operation as rapidly as
their construction is completed.

Both the Langley Memorial Aeronautical Laboratory
and the Ames Aeronautical Laboratory are devoted
chiefly to aerodynamics, although the Committee has
at Langley Field a structures research laboratory, a
hydrodynamics research laboratory and a small engine
research laboratory. To remedy the deficiency in en-
gine research facilities the Congress by act approved
June 26, 1940, authorized the construction of a third
major research station for the Commitke which is to

“ be an aircraft engine research laboratory. The site
finally selected by the Committee under authority of
that act is adjoining the municipal airport at Cleveland,
Ohio, and the Committee is proceeding with its
construction. The details of this action are set forth
in Part II of this report.

The Committee highly appreciates the support of
the President and the Congress in providing these two
additional research stations during the past 2 years.
They were indispensable to strengthen research and to

accelerate aeronautical proagess in the United States.
They will prove of great value to the national defense,
and it is confidently predicted that their economic
value to the Nation will more than offset their cost.

Responsibilities of the Committee.-Under the law it is

the duty of the National Advisory Committee for Aero-
nautics to “supervise and direct the scientific study of
the problems of flight, with a view to their practical
solution” and also to “direct and conduct research and
experiment in aeronautics.”

To assist in the discharge of these duties and in the
determination of present and future research needs of
aeronautics, civil and military, the Committee has estab-
lished standing technical subcommittees on aerody-
namics, power plants for aircraft, aircraft materiwls,
and aircraft structures. The subcommittees me com-
posed of specially qualified representatives of the gov-
ernmental agencies concerned and of experts from pri-
vate life. The members of the subcommittees, like the
members of the main Committee, serve as such without
compensation.

The subcommittees prepare and recommend research
programs. Most of the problems recommended for in-
vestigation are assigned to the Committee’s laboratories.
Some problems are assigned to the National Bureau of
Standardsj when it is to the advantage of the Govern-
ment to do so in order effectively to utilize existing gov-
ernmental facilities. Problems are also assigned to

universities and technical schools. This policy, the

Committee believes, makes effective use of university
research faciJ.ities, stimulates and coordinates aeronau-
tical research, and also has the advantage of training
research personnel.

The Committee regards it as its duty to forecast the
trend of aeronautical development, civil and military;
to anticipate the research problems that will arise; to
design and provide research equipment as needed to
solve the problems; to conduct the more fundamental
scientific investigations in its own laboratories; and to
transmit the results directly to the governmental agen-
cies and to those units of the aircraft industry that me
most concerned.

Relation of research to commercial air transportation and
to private flying.-The United States has an outstanding
place in commercial and private aviation. The current
civilian pilot training” program of the Civil Aeronau-
tics Administration will, without doubt, serve further
to stimulate private flying in the United States ancl
to give it an fipetus which will have far-reaching results

in the years to come. The progress in civil and com-

mercial aviation in the United States has been due to
a combination of causes. The responsible Government
agencies have provided indispensable assistance b
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regulation of civil
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and com-
mercial aviation. The American aircraft industry has
been keenly alert to improve the design and quality of
the aircraft used. The air transport lines have shown
initiative and efficiency in operation and have been
thorough in their efforts to eliminate accidents and the
causes of accidents. The results of the Committee’s
scientific researches, even though now initiated for the
most part to meet military needs, are generally applica-

COMMITTEE FOR AEROI?AUTICS

ble to civil aircraft and are in

3

no small measure respon-
sible for their high efficiency and safety.

In the present emergency when the needs of national
defense are predominant, ways and means should never-
theless be found to sustain and continue the advance
of commercial aeronautics. Air mail and passenger
transportation have already become of great value to the
Nation and in time of war would be essential to our
industrial effectiveness.



PART I

REPORTS OF TECHNICAL COMMITTEES

In order to carry out effectively its functions of super-
\rision, conduct, ad coord~ation of research, the Na-

tional Advisory Committee for Aeronautics has estab-
lished a group of technical committees and subcommit-
tees. These committees prepare and recommend to the
main Committee programs of research to be conducted
in their respective fields. As a result of the nature of
their organization, which includes representation from
various governmental agencies concerned with aero-
nautics, together with experts from civil life, the tech-
nical committees act as coordinating agencies, providing
effectively for the interchange of information and ideas
and for the prevention of duplication.

In addition to its standing committees and subcom-
mittees, it is the-policy of the National Advisory Com-
mittee for Aeronautics to establish from time to time
special technical subcommittees for the study of par-
ticular problems as they arise.

The Committee has four principal technical commit-
tees-the Committee on Aerodynamics, the Committee
on Power Plants for Aircraft, the Committee on Air-
craft Materials, and the Committee on Aircraft Struc-
tures. Under these committees there are nine standing
subcommittees and six special technical subcommittees.
The membership of these groups is listed in Part II.

The Committees on Aerodynamics and Power Plants
for Aircraft recommend the programs for, and keep in
touch with research in these two major fields conducted
at the Committee’s laboratories and the special investi-
gations conducted at educational institutions and at
the National Bureau of Standards. Most of the re-
search under the co=guizance of the Committee on Air-
craft Materials and a large part of the research under
the co=~izance of the Committee on Aircraft Structures
are conducted at the National Bureau of Standards. In
addition, a number of structural investigations, includ-
ing in particular investigations of a theoretical nature,
are conducted at the Committee’s laboratory at Langley
Field and at educational institutions.

The four technical committees recommend to the main
Committee the investigations in their respective fields
to be undertaken by educational and scientfic institu-
tions under contract with the National Advisory Com-
mittee for Aeronautics, and keep in touch with the
progress of the work and the r&ults obtained. The
experimental investigations in aerodynamics, aircraft

4
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power plants, aircraft materials, and aircraft structures
undertaken by the Army Air Corps, the Bureau of
Aeronautics of the Navy, the National Bureau of
Standards, and other Government agencies are reported
to these four committees.

REPORT OF COMMITTEE ON
AERODYNAMICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY

LANDINGSPEEDANDSPEEDRANGE

Continual increase in the wing loadings of modern
high-performance airplanes has necessitated continued
research directed toward the development of more effi-
cient high-lift devices. The Committee, as in the past
several years, has devoted considerable effort to the
investigation of the more promising types of trailing-
edge flaps.

The investigation of wings with slotted flaps in the
7- by 10-foot wind tunnel has been continued. The
results of the tests of the 30-percent thick airfoil with
slotted flaps, mentioned in last year’s report, have now
been published in Technical Note No. 755.

The NACA 23012 and 23021 airfoils have been
tested with two sizes of split flaps of airfoil section
that were arranged to move backward as well as down-
ward. These flaps were tested over a large range of
positions and deflections, both with and without a gap
or a slot between the nose of the flap and the airfoil.

Tests have also been made of a small-chord model
with a Gwinn and a plain flap. These results are
reported in Technical Note No. 763.

CONTROLAND CONTROLLABILITY

The Committee’s flight investigation of the flying
qualities of various airplanes, which has been actively
continued during the past year, has resulted in the
accumulation of a considerable fund of data on the
control characteristics of present-day airplanes rang-
ing in size from the smallest training airplane to the
largest transports and bombers. It has been possible
through analysis of these data to speci~ satisfactory
lateral control in the form of an easily measured cri-
terion. Analysis of the data has also shown the in-
fluence of various design features on the observed air-
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plane characteristics and has yielded a method by which
aileron effectiveness can be quickly predicted from a
knowledge of airplane dimensions.

As a preliminary step in evaluating the requirements
of the elevator control, an analysis is being made of the
use of elevators in landing, the principal limiting design
condition for the elevator control. Recorded data ob-
tained in a great number of actual landings of airplanes
of various types are being correlated with data obtained
under comparable conditions at altitude.

The investigation in the 7- by 10-foot wind tunnel
of lateral-control devices has been continued. The data
on spoiler, deflector, and slot devices have been analyzed.

STABILITY

The flight investigation of the flying qualities of nu-
merous airplanes has contributed a considerable fund of
information on the stability characteristics of existing
modern airplanes. During the past year, analyses of
these data, particularly those relating to longitudinal
stability, have been made with two objectives in mind.
One objective was to determine the degree of correlation
that could be obtained between quantitative values meas-
ured during flight tests and the pilot’s impression of the
suitability of the airplane for the performance of the
normal functions of the machine. It was found that
the measured characteristics could be correlated with the
pilot% impression when the control movement and the
corresponding control force required to maneuver the
airplane were taken as a criterion of the practical stabil-
ity. On this basis, satisfactory and unsatisfactory air-
planes were properly rated in terms of their measured
characteristics. Another consideration was the determi-
nation of the effect of various design features on the
observed stability characteristics. In this connection it
is noteworthy that the fuselage and the engine nacelle
moments were among the principal destabilizing agents.
Predictions of stability that ignore these factors are
greatly in error, but it is possible by semiempirical
means to take into account the destabilizing effect of
these bodies for the prediction of power-off longitudinal
stability.

As a result of independent tests of many airplanes in
the full-scale wind tunnel, a large amount of data has
been accumulated relating to the effects of the propeller
slipstream on the longitudinal stability and control of
airplanes. These data are being reviewed and corre-
lated to show some of the mor~ important consistent
effects of the slipstream.

To determine the influence of the different airplane
parts on the over-all characteristics of the airplane, a
study has been completed showing the effects of dihedral
and fin area on aileron and rudder control. Of particu-
lar interest is the relatively large effect of the vertical-h
area on the aileron effectiveness and operating force.

Gomm’mm?m FOR ARROI?AIXl?ICS 5

The investigation of the aerodynamic characteristics
of tail surfaces is being continued by the measure-
ments of section characteristics in the 4- by 6-foot wind
hmnel. The first phase of the work, pressure-distribu-
tion tests of an NACA 0009 airfoil with three sizes
Of unbalanced movable surfaces, each with three sizes
Df tabs, has been completed. These data are presented
in Technical Notes Nos. ‘734, 759, and 761. From a
further analysis of the results, charts of the principal
design parameters have been prepared to enable the
designer to determine the aerodynamic characteristics
of any unbalanced movable surface. The agreement
between the experimentally determined and the the-
oretical values of the parameters is good except for
the prediction of hinge-moment coefficients for nar-
row-chord flaps. The analysis also indicates that the
largest stick forces should be expected with flap-airfoil
chord ratios from 0.40 to 0.60. The effect of gap be-
tween the unbalanced flap and the fixed surface has been
investigated. The tests to determine the effects of flap
nose shape and aerodynamic balance with and without
gaps are being continued.

Research on the influence of the design variables on
lateral-stability characteristics has been continued in
the 7- by 10-foot wind tunnel. Large changes in tail
~ffectiveness with changes in the vertical position of the
wing on the fuselage have been noted. The vertical-tail
electiveness was decreased when the wing was in a
high position on the fuselage and was increased when
the wing was in a low position. Flap deflection in-
weased the tail eff activeness regardless of wing position.

This lateral-stability investigation is being extended
to include the effects of fore-and-aft position of the
wing on the fuselage.

During the year, investigation in the ‘7- by 10-foot
wind tunnel of the power-on stability characteristics
of models of present-day airplanes was begun. A
technique for reproducing in this tunnel the thrust
Df the full-scale airplane over the entire flight range
has been developed, and complete tests of a model of
a lo-iv-wing pursuit-t~e airplane have been made.

In stability studies, as in gust research, the growth
of lift on the wing following a sudden change of con-
iiitions is of extreme importance and has been the sub-
ject of some study. The work on this subject is pre-
sented in Technical Report No. 681. A further study
has been made dealing with the effect of a sudden change
of angle of attack on the lifi of the horizontal tail, tak-
ing into account the variation in the downwash angle at
the flow over the wing.

The study of lateral stability, as affected by the auto-
matic pilot, has been completed.

During the past year the new M-foot free-flight
wind tunnel has been used for the investigation of
the stability and the control of five airplane designs,
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The models are flown both without power and when
powered by small electric motors.

SPINNING

The 15-foot free-spinning wind tunnel has been used
in the investigation of spinning characteristics of new
airplane desi=gs. In all, 23 models were tested. The
greatest emphasis was placed on the determination of
the general characteristics of the spins of large
rnultiengine airplanes.

The analysis of the data from the spin tests of
a low-wing monoplane with various wing and tail ar-
rangements is now practically complete. The test work
has been extended to cover the case of a high-wing
monoplane. In general, it appears that the high-wing
position has a very favorable effect on the recovery
characteristics as compared with the low-wing position.

Flight and wind-tunnel spin tests of a low-wing
monoplane have been completed and the agreement
shown,, although good, is not completely satisfactory.

STALLING

A part of the investigation of flying qualities previ-
ously mentioned consisted of observations of the stall-
ing characteristics of each airplane tested in flight.

These studies of stalling have provided important in-
formation on practical design considerations affecting
the stall and have, in particular, emphasized the inter-
relation of the stability of the airplane at low speeds
with the apparent character of the actual stall. At the
request of the Civil Aeronautics Authority, particular
attention during the past year has been devoted to a
study of means for improving the stalling character-
istics of several very light airplanes. These airplanes
are used almost exclusively by private owners or for
preliminary flight training. The investigations have
been directed toward developing flying characteristics
that would prevent the complete stall from developing
regardless of the manipulation of the controk or the

power condition, and at the same time to retain adequate
control by the pilot for any normal aerial or ground
maneuver. The possibility of spinning could thus be
a~,erted. 111a series of tests with one representative light

airplane, it. -mas found that, by slight modifications
mainly to the wing and the tail surfaces> lateral insta-
bility due to stalling could be prevented for all condi-
tions of power; at the same time, a normal amount of
control for all essential functions could be retained. It
should be noted that, if spinning is desired for instruct-
ion purposes, it would be possible to arrange the con-
trols so that a quick change in the control linkage would
make stalling possible. Further experiments are under
way in an effort to extend these characteristics through
a greater center-of .=fravity range.

The analysis of the effect of taper, twist, change of
camber, and Reynolds number on the stalling charac-

teristics of wings without flaps, mentioned in last year’s
report, was completed during the year. The analysis
is now being extended to include the case of flaps of
various deflections and span lengths.

MANEUVERARILITY

The characteristics of various airplanes in acceler-
ated maneuvers have been studied in connection with
the general investigations of flying qualities. Data ob-
tained have shown the desirable limits for longitudinal
stability as well as stick forces. In this connection, a
marked variation of the stability required with wing
loading was observed.

LANDING

The investigation of the landing characteristics of
airplanes to obtain statistical information on the verti-
cal velocities and accelerations .in landings has been
extended to include tests of several smallf light air-
planes. The investigation has now covered practically
the entire range of landplane types and sizes, including
several airplanes with tricycle landing gems.

The results of a theoretical study of the shimmy of
castering wheels first mentioned in the 1938 report have
been published as Technical Report No. 686. The re-
port on the investigation of the friction required to
prevent shimmy for various arrangements of the swiv-
eling wheel has been published as’ Technical Note No.
760. These results indicate that the thdory, as cov-
ered in the above-mentioned report, is adequate for
calculating the necessary damping. The effects of type
of tire and pressure of the tire were found to be insig-
nificant. The solid friction required to prevent shimmy
increased with increased moment of inertia of the
spindle and with increased caster angle.

In accordance with a request from the Civil Aero-
nautics Authority, the Committee investigytecl the land-
ing distance of a typical transport airplane to aid in
clarifying the problem of field size required for such
machines in civil transport operation.

AERODYNmIICEFFICIEN~

Tests of military airplanes in the Committee’s full-
scale tunnel over the past several years have demon-
strated the extreme importance of aerodynamic refine-
ment as applied to even the smallest details. The gains
due to the refinement of any one detail may not be
large, but the over-all effect of applying the results of
basic research to each detail in turn may, when twken
together, produce surprising results. Such results as
have already been accomplished are strikingly brought
out by a comparison of modern military airplanes with
those employed during the last war.

Airfoils.-Basic investigy~tions of the aerodynamic
properties of airfoils have led to marked advances in
our fundamental knowledge of aerodynamic flows in
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general. The wing section affords an ideal medium on
which to investigate the general properties of aero-
dynamic flows.

The significance of wind-tunnel turbulence in bring-
ing about a break-down of the low-drag laminar flow
on airfoil surfaces has been appreciated for many
years. Therefore, every effort was made to reduee
the turbulence in the new airfoil-testing equipment to a
condition that may be referred to as “aerodynamically
smooth” flow, that is, a turbulence level below which
further reductions in turbulence would produce no fur-
ther effects of practical importance. As mentioned in
last year’s report, preliminary tests with the new equip-
ment indicated that the turbulence level had been re-
duced below that of other wind tunnels. The airfoil
studies were therefore continued, pending the comple-
tion of more careful flight instigations made specifi-
cally for purposes of comparison. One of the im-
proved airfoils arising from the investigation has now
been tested in several of the Committee’s wind tunnels
to gain further knowledge of the practical effects of
the turbulence present in the air streams of existing
wind tunnels. Through the cooperation of the National
Bureau of Standards, it has been possible to examine
the absolute turbulence of the same air streams through
the use of hot-wire equipment.

In the full-scale tunnel, data had previously been
secured for a series of conventional symmetrical air-
foils ranging from 9 to 18 percent in thickness (Tech-
nical Report No. 647). During the past year, this in-
vestigation has been extended to include airfoils of 25
and 35 percent thickness. Otherwise, airfoil testing of
the usual type has been ahnost discontinued.

Aerodynamic interference.-Investigations d e a 1i n-g
with nacelle and propeller interference mentioned m
earlier reports have continued during the year. Inter-
ferences between wings and propellers have been further
investigated in both the propeller-research tunnel and
the full-scale tunnel.

In the full-scale tunnel, interference investigations
have been extended to include various nacelle arrange-
ments for both two- and four-engine airplanes. The
relative size of the nacelles was suf?iiciently varied to
simulate the conditions encountered for a range of large
airplanes, varying in size from 672 to 100 tons. With
the completion of this work, the remaining problems
appear to be more dependent upon detailed arrange-
ments of the power plant installation than on the gen-
eral interference effects produced.

Propeller reseamh.-Force tests were conducted on
three full-scale propellers operating in front of four
body-nose shapes, varying from a streamline nose that
continued through the propeller plane in the form of
a large spinner to a conventional open-nose radial-
engine cowling.

407300041—2

An analysis of the propeller
has been made by the use of

7

losses in the slipstream
the distribution of the

thrust and the to~que along the radius combined with
theoretical equations. The data -were obtained in the
NACA 20-foot tunnel on a two-blade propeUer of
4-foot diameter. A method was derived for estimating
the axial and the rotational energy in the wake as a
fractional part of the propeller power for any propeller
under any operating conditions.

I?ropeller clevelopment.-The development of propeller-
blade sections mentioned in last yem’s report is being
continued in the 24-inch high-speed tunnel. The in-
vestigation has yielded new propeller-blade sections
that may be expected to permit important gains in
propeller efficiency, particularly for high-speed mili-
tary types where the compressibility effect on the pro-
peller is beginning to appear as the most serious ob-
stacle to great gains in high-speed performance. Even
in commercial applications, however, some gains may
be expected to result from the use of improved blade
sections.

Cowling and cooling.-Some of the most important
technical problems on which the Committee has been
engaged during the past year were concerned with
cowling and cooling of aircraft engines. Investiga-
tions have dealt not only with the installation and the
cooling of both liquid- and air-cooled engines but also
with the character and the efficiency of the flow in the
various auxiliary internal-flow systems associated with
the modern airplane. Extensive work during the year,
dealing mainly with military applications and con-
ducted in nearly all of the Committee’s wind tunnels,
is yielding new information concerning the details of
the engine installation and the effects of the cooling
and the auxiliary internal-flow systems on the external
flow and the over-all characteristics of the airplane.

The program dealing primarily with the flow in the
internal ducts is being carried out in the propeller-
research tunnel. This investigation deals with such
problems as blowers, ducts, diffusers, and vanes, with
the object of studying the possible improvements in
the efficiency of the ;nternal systems. The question of
securing adequate ground cooling has also received
further attention.

COMPRESSmILITYEFFECTS

The method of successive approximations, attributed
to Janzen and Rayleigh, has been used to calculate the
flow of a compressible fluid past a sphere to the third
order of approximation. The results of this investiga-
tion have been presented in Technical Note No. 762.

Further investigy~tion has been continued on the ef-
f ect of compressibility on the moment of an arbitrary
body. This study has been instituted mminly for the
purpose of obtaining some insight into the underlying
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assumptions and the range of applicability of the
Prandtl-Glauert approximation.

Much basic work on compressibility effects has been
done following the fundamental investigations of the
compressibility problem in the small high-speed tun-
nels. Further investigations have been made, however,
of the conditions under -which the compressibility bur-
ble occurs. The phenomenon was first observed in the
Ii-inch high-speed tunnel as it occurred on a circular
cylinder. Subsequently a series of cylinders was tested
in this tunnel. The drags, when plotted against Reyn-
olds number, showed substantial agreement with the
earlier classic investigations in the lo-iv-speed range
well below four-tenths the speed of sound. A small
and progressive increase in drag coefficient was ob-

served for each of the cylinders when approaching this
speed; and each of the cylinders showed a much more
abrupt increase beyond this speed, where the compres-
sibility burble was observed to occur. Owing to the
small size of the tunnel, it was not possible to carry
these investigations through the range of critical Reyn-
olds number for the cylinders. It has been possible
through the use of the 8-foot high-speed tunnel to
extend the investigation to include cylinders of several
inches in diameter and extending through the critical
range of Reynolds numbers. The results are no-iv being
analyzed to study the flow phenomenon associated -with
the combined critical effects of both Reynolds number
and compressibility.

The new 19-foot pressure tunnel, which has been put
into operation during the past year has provided an
excellent means of separating certain effects of Reyn-
olds number and compressibility, although it -was not
desiaaed for high speeds and the investigation of com-
pressibility effects. By a variation of the pressure in
the tunnel, it is possible with the same model to reach
the same Reynolds number at various speeds or Mach
number% depending on the pressure or the density of
the air in the tunnel.

WIND-TUNNELCORRECTIONS

Corrections for tunnel-wall interference have re-
quired further study during the year, owing to the
use of relatively large models for extending the test
range of Reynolds number. Such studies have resulted
in more accurate determinations of tunnel-restriction
effects associated with the use of large models. The
tunnel-restriction effects are more serious in the high-
speed range, owing to the stream distortions =ociated
with compressibility.

ICEFOR&lATION

Aerodynamic theory has been applied to some of the
problems associated with the icing of airplane wings.
One phase of the subject investigated dealt with the

relative space cleared of water droplets by the passage
of the wing. This subject is of importance under con-
ditions corresponding to those of the most severe icing.

The results of the investigation of ice prevention on
vvindshields mentioned last year have been published
as Technical Note No. ‘754. The double-pane windshield
with hot air circulating between the two glass panes,
which appeared to be the most promising method inves-
tigated, was found to increase the reflection of stray
light, and in one case this increase -was reported to be
an obstacle to its use in night landings. Possible means
of overcoming this difficulty are under investigation.

The investigation of the use of exhaust heat for ice
prevention on airplane wings has been continued.
Various methods of distributing the heat available in
the engine exhaust have been studied by tests of a wing
model mounted on an airplane in flight. The results of
this investigation have provided useful data on the most
effective means for distributing the available heat.

ROTATING-IvINGAIRCRAFT

The investigations of the stalling of inboard elements
of the retreating rotor blade on the YG–lB autogiro
have been reported in Technical Note No. ‘741. Similar
investigations of the same machine equipped with rotor
blades of improved design have been completed during
the past year. The results indicate that the size and the
importance of that portion of an autogiro rotor disk
where blade elements operate beyond their stalling angle
are appreciably influenced by the static stalling angle of
the airfoil section chosen for the rotor blade. They
also show that the elimination of control-stick vibration
in direct-control rotating-wing aircraft requires the use
of rotor blades that do not twist periodically during
rotation. Much work has been done on the extension
of existing rotor theory.

NATIONAL BUREAU OF STANDARDS

IvIND-TUNNELINVESTIGATIONS

The aerodynamic activities of the National Bureau
of Standards have been conducted in cooperation with
the National Advisory Committee for Aeronautics.

Wind-tunnel turbulence.-With the development by
the Committee of new airfoils of extremely lo-iv drag
the question of wind-tunnel turbulence assumes even
greater importance than before. Accordingly, much
attention has been given to practicable methods of
reducing the turbulence in existing wind tunnels.

In cooperation with the Langley Field staff, meas-
urements -were made of the longitudinal and transverse
components of turbulence in a number of wind tun-
nels and in fight by means of portable hot-wire equip-
ment. The flight results, in agreement with previous
measurements by other methods at the Committee’s
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laboratory, indicated that the small-scale turbulence of
the atmosphere is substantially zero and hence that wind
timnels should have as low a turbulence as possible.

Boundary-layer investigations,-The study of transi-
tion at low turbulence levels on a thin, flat plate
parallel to the wind direction has been continued. The
effects of small pressure gradients near zero pressure
gradient have been determined. The change in posi-
tion of the transition region with turbulence has been
measured over the range from 0.04 to 0.27 percent tur-
bulence (mean of the three components).

Greater attention has been given, however, to the
detailed study of the transition region under condi-
tions of the lowest turbulence in the effort to obtain a
more fundamental understanding of the process. Meas-
urements and photographic records have been ob-
tained of the longitudinal and transverse components
of the turbulent fluctuations parallel to the plate.

A few records have been made of the simultaneous
fluctuations at two points. Similar measurements and
records have been taken in the laminar layer to study
the “pulsations” discovered in earlier work.

Hot-wire equipment.-There has been a steady develop-
ment of improved equipment for use in turbulence
measurement. Amplifiers of greater sensitivity and
stability and of less weight, hot-wire holders and sup-
ports of greater ruggedness and adapted to special
purposes have led to quicker and more accurate meas-
urements. A thorough study was made of the effects
of variation of the heating current produced by the
changing resistance of the wire during turbulent speed
fluctuations. The two-wire head for measurement of
transverse components, and its convenient control cir-
cuits, are now standard equipment.

The principal developments have been in connection
with suitable mountings for making measurements
within boundary layers that are free from spurious re-
sults due to vibration.

AERONAUTIGINSTRUMENTINVESTIGATIONS

The work on aeronautic. instruments has been con-
ducted in cooperation with the National Advisory Com-
mittee for Aeronautics and the Bureau of Aeronautics
of the Navy Department.

The report on the first phase of the investigation of
corrugated diaphragms was published as Technical Note
No. 738. Experimental work continued actively during
the year on determining the useful deflection limits of
the beryllium copper and phosphor bronze diaphragms
in which the drift, elastic hysteresis, and after-effect are
used as criteria. A method of suddenly applying and
removing pressure on the diaphragms was developed
in connection with the drift measurements.

At the suggestion of the Langley Memorial Aeronau-
tical Laboratory additional data at higher piston speeds

were obtained for inclusion in the report on dashpots.
This work extended the data into the turbulent region
where the damping resistance increases considerably
above that predicted by the theory based on viscous flow.

A standard barometer of the U-tube type has been
constructed for standardizing mercurial barometers
used to test altimeters. It is equipped with means for
controlling and measuring the vacuum above the mer-
cury column and is temperature-controlled. The preci-
sion of reading attained at present is 0.02 millimeter of
w.ercury.

SUBCOMMITTEE ON METEOROLOGICAL PROBLEIW

Tbe Subcommittee on Meteorological Problems
keeps in contact with the progress of investigations
being conducted by the various agencies on problems
relating to atmospheric conditions which are of par-

ticular importance in connection with aircraft design
and operation. The Special Subcommittee on Light-
ning Hazards to Aircraft is organized under the Sub-
committee on Meteorological Problems.

Atmospheric disturbances and their effect on airpkme
operation.-The total flight time with V–G recorders
installed in transport airplanes has been increased to

more than 103,000 hours. Of this total, approximately
60,000 flight hours have been on land transports flying
the airlines in the United States; the rest of the flight
hours have been on the flying boats of Pan American
Airways, Inc., flying between the United States and
Europe, South America, and the Orient. During the
past year all gust data that had been collected were
transferred to punch cards to permit more e%icient
analysis.

Gust strudmre,-The investigation of the gust struc-
ture has been extended to determine the variations both
with altitude and with direction. A reworking of the
data obtained from flights below 17,000 feet has indi-
cated that vertical and horizontal gusts are of about
equal intensity in the atmosphere. More vertic~ than
horizontal gusts appear to be present under thermally
unstable atmospheric conditions, and under wind turbu-
lence the conditions appear to be reversed.

Because the great mass of existing gust data has been
obtained at relatively low altitudes, and because the
newer aircraft reach their top speeds at higher alti-
tudes, it has been necessary to obtain data on the varia-
tion of gusts with altitude. For this purpose an in-
strument called the G–Altitude (G–A) recorder has
been developed to complement the well-known V-G
recorder in service.

A further investigation in gust structure has been
started by the procurement of an Army stratosphere
airplane, and the necessary radiosonde equipment for
making high-altitude soundings.
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Lightning hazards to aircraft.-Data are being accumu-
lated from air transport operators by means of a ques-
tionnaire on incidents of lightning strikw to airplanes.
The data obtained from these questionnaires are being
analyzed with a view to obtaining more information
as to the extent to which electrical phenomena consti-
tute a serious hazard to aircraft in flight especially with
regard to their effect on flight personnel and the air-
craft structure and equipment. Laboratory studies are
also being conducted concerning the physical effects of
high-voltage discharges on thin metal sheets through
the cooperation of the General Illlectric Co. and the
Westinghouse Electric & Manufacturing Co.

A study is being continued at the lJniversity of New
Mexico, under the cognizance of the Special Subcommit-
tee on Lightning Hazards to Aircraft, to determine
the nature of electrical discharges in the atmosphere.
In this work detailed information -will be obtained on
a large number of lightning strokes occurring dur-
ing different parts of the year. Eight synchronized
instruments capable of recording rapid changes in the
electrical potential gradient at the surface of the earth
distributed over a circular area approximately 5 miles
in diameter will be used. 11 has been found that many
electrical discharges are complicated by the fact that
a large number of simple discharg~ between different
charge centers may take place in succession, separated
by time intervals of 1/100 second or more.

SUBCOh~lI!ITEE ON SEAPLANES

During the past year the facilities of the NACA
tank have been almost continuously in use for the study
of specific probleu and the testing of specific models
submitted either by the military services or by manu-
facturers. b the latter category were two models of
commercial transport seaplanes in which the Navy was
interested, and two for use in connection with designs
being prepared for the military services. The work
was so urgent that hTACA projects were carried
on only to fill in between these tests; consequently, the
only other model tested was one forming a part of the
NACA program of research devoted to the development
of improved forms of hulls for flying boats.

Plant and equipment.-The dynamically similar models
used in investigations of the dynamic stability of sea-
planes while taking-off and landing must accurately
reproduce not only the form of the hull but also the
aerodynamic structure (wings and tail surf aces). In
these tests, the air in the tank should be perfectly still,
corresponding as nearly as possible to the condition of
take-off with no wind. TJnfortunately, the towing car-
riage generates large turbulence and this turbulence in
turn causes disturbance of the air well ahead of the
carriage. Anew auxiliary carriage made of steel tubing
was constructed and put into service during the past

year. This carriage was designed to give better air
conditions and to improve the facility with which
tests could be made. Although completely still air
has not been obtained, theie has been a considerable
improvement.

The methods of constructing the very special dynamic
models have been continuously improved, ancl the inf or-
mation gained from the test of each new model has been
used to check the operation of the various features in-
corporated in it and to indicate the desirability of fur-
ther changes. There have been almost no fundamental
changes but many changes in detail.

Effect of angle of dead rise on resistance and drag,—The
effect of the angle of dead rise of the bottom on the hy-
drodynamic resistance and the aerodynamic drag has
been investigated on a series of three models of seaplane
floats. The angles of dead rise investigated were 20°,
25°, and 30°.

Effects of chine flare on water resistance and spray,—The
cross section of the bottom of most flying-boat hulls now
shows a recurved portion, or flare, at the chine. Its
primary purpose is to cause the wave coming from
under the hull to be deflected and thus be kept from
rising until it strikes the propellers or the wings, as it
sometimes will if no such flare is provicled.

Models of 22 flying-boat hulls were tested in the
h’ACA tank for the purpose of determining the
eifect on -water resistance and spray of 13 variations
in the transverse section of the bottom of the forebody
and 3 variations in the form of the bottom of the after-
body. The chine flare was found to reduce the height
of the part of the spray that originated where the chine
-was above water level but did not reduce the height
of the part of the spray that originated where the chine
was below water level. The first type of spray comes
from a sheet of water that travels across the bottom at
high speed and may be termed a “velocity” spray. The
second type is produced by water that escapes under the
chine from the high pressure generated at the chine
and may be termed a “pressure” spray. The chine flare
causes an increase in the pressure on the bottom at the
c-hine, and the addition of certain types of chine flares
actually increases the height of this latter type of spray.

Study of the flow of water along the bottom of a model
of a flying-boat hull.-Knowledge of the manner in which
the water encountered by the bottom of a flying-boat
hull moves over that bottom is of great value in under-
standing the effects of the various changes in form that
are investigated. Observation of the flow, as it issues
from beneath the bottom at the chines and the steps,
indicated that changes in the direction of flow have
marked effects on spray and resistance but, as long as
it was possible to observe only the end effects, it was
impossible to do much in the way of determining where
the changes originated or what were the fundamental
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causes. Obviously direct observation of the flow
throughout the entire length of the bottom would give
much valuable information. In order to verify this
observation, a model with a transparent bottom was
constructed.

SUBCOElklITI’EE ON VIBRATION AND FLUTTER

A number of requests have been received in the past
year for comprehensive flutter studies of certain spe-
cific types of aircraft. Considerable computational in-
formation has been gained on the ternary cases or
those with 3 degrees of freedom. This information
throws light, in particular, on the important effects
of structural friction and the need for obtaining de-
pendable values for the damping parameters. The
labor of the calculation methods for 3 or more degrees
of freedom has been appreciably reduced, making it
feasible to handle certain more complicated cases that
may arise in tail-fuselage flutter. Further studies are
now in progress on the influence of special effects as-
sociated with compressibility, finite span, floats, tabs,
and higher-order modes.

The essential correctness and adequacy of the flutter
theory for the prediction of critical speeds of wing
flutter have already been demonstrated by numerous
tests at the Committee’s laboratory and elsewhere.
The main problems are now in the technique of deter-
mining correct flutter parameters, and in the applica-
tion of the theory to more unusual or complicated cases.

Tests on the ground.-llquipment for determining
natural frequencies of airplanes on the ground has
been improved and applied to a number of airplanes.

Tests of flutter models.—A large number of flutter
tests have been made on models in the 8-foot high-speed
tunnel. These investigations included tests showing
the effect of compressibility upon flutter speed up to
500 miles per hour.

Wing frequencies.—Theoretical studies have been
made of torsional and bending vibration of wings with
particular reference to the effect of taper and of mass
coupling upon the frequencies.

Damping.-The value of the structural damping
parameter in an actual wing is being determined by
tests on an outer wing panel mounted in the vacuum
sphere. With the air pressure reduced to 1/20 of an
atmosphere and the damping effect of the mounting
and the instruments reduced to a minimum, the residual
value of damping is attributed to the internal struc-
tural friction in the wing.

I?ropeller vibration. —Tests and theoretical studies are
being made of the effects of shaft flexibility and rota-
tion upon propeller-vibration frequencies and stresses.
The effects of angle setting and chordwise flexibility
upon the frequencies of a freely suspended propeller
lmve been studied by means of models and theoretical
analysis.
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PLANTS FOR AIRCRAFT

LANGLEY MEMORIAL AERONAUTICAL LABORATORY
INCREASEIN ENGINEPOWER

High octane number fnels,—The study of the relation-
ship between maximum permissible engine performance
md the knocking characteristics of aircraft-engine
Euelshas been continued under cognizance of the Sub-
committee on Aircraft Fuels and Lubricants and is
described in the report of that subcommittee.

Valve overlap.—h appreciable gain in engine power
and a reduction in combustion-chamber temperatures
tan be obtained by operating with a large valve over-
lap. The effect of valve overlap on engine perform-
mce, when the inlet and the exhaust manifold pres-
sures simulate those encountered when operating at
altitude with mechanical and exhaust turbine-driven
superchargers, has been investigated on a single-cylin-
der air-cooled engine. Performance tests were made
over a range of inlet and exhaust pressures varying
from 15 to 45 inches of mercury absolute.

The investigation of the performance of a multi-
cylinder air-cooled engine, equipped with a special cam
ring giving 130° of valve overlap, has been completed.

Piston rings.-One of the factors limiting the power
output of aircraft engines is the failure of the piston
rings to give satisfactory sealing and low wear. An
investigation to determine the effect of various factors
in piston-ring design on the operation of rings in
high-output engines has been started. The factors
investigated were: face, width, finish, and chemical
treatment; side finish; and ring material.

I?low through poppet valves.-~ investigation has
been started to improve the flow coefficients of poppet
valves. By an increase in the ratio of the outside to
the inside diameter of the valve seats, the reconversion
of kinetic energy to static pressure will be increased,
and the pressure drop through the valves will be de-
creased. Tests have been made with steady flow
through poppet-valve models having different seat
widths, and the pressure drop has been determined.
The effect of flaring the outer part of the passage
between the valve and the cylinder head has also been
determined.

I?ower recovery by jet propulsion.-kn analysis has
been made of the power recovered by discharging the
exhaust gas rearward, from nozzles on the collector-
ring exits, from separate exhaust stacks, and into the
cooling duct behind the engine or radiator. .

Two-stioke-cycle spark-ignition engine.-Research on
the two-stroke-cycle, fuel-injection, spark-i~mition en-
gine has, during this year, been principally concerned
with increasing maximum power. The liquid-cooled
engine used in this investigation is a uniflow type hav-
ing scavenging and charging air admitted to the cylin-
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der through piston-controlled inlet ports with exhaus
through four poppet valves in the head.

COfi~USTIONRESEARCH

Knock.-The NACA high-speed motion-picture cam
era has been used to take an extensive series of photo

graphs, at the rate of 40,000 frames per second, o
normal combustion, preignition, and knock in th[
NACA combustion apparatus.

The N. A. C. A. combustion apparatus has also beel
used for a study of the knocking characteristics of sev
eral fuels that were available only in small quantities
The pressure and the temperature of the intake ail
were increased umtil a single charge of fuel injectec
into the cylinder resulted in knocking combustion. A
complete range of fuel-air ratios was investigated
using inlet-air temperatures up to 300° F.

Preignition characteristics of fuels,—An investigation
of the preignition characteristics of aircraft-engim
fuels, made on the NACA combustion apparatus, has
been concluded.

Air flow in engine cylinders.-The glass-cylinder engine
has been modified to operate on a two-stroke cycle, with
intake through ports in the cylinder wall and exhaust
through four poppet valves in the head. Replaceable
port bands, containing round ports of various sizes and
having their axes inclined at various angles both hori-
zontally and vertically, have been built.

Spark-plug temperatures.-A thermocouple installa-
tion has been designed for measuring the central elec-
trode temperature of standard spark plugs and is now
being used in the investigation of the knocking charac-
teristics of aircraft-engine fuels.

FUELCONSUMPTION

Safety fueI.—The performance of five new safety fuels
having the same heating value as gasoline and relatively
good antidetonating qualities has been investigated.

The antidetonating qualities of these fuels were in-
vestigated by comparing them with calibrated feels in
the same engine used for the performance tests. The
tests showed that, by the addition of lead, the anti-
detonating qualities of these fuels could be increased
to a point where the fuels could be used in most of the
modern aircraft engines.

The effect of fuel-injection ti.niing and injection-
valve opening pressure on en=gine per-formance with
safety fuels was investigated, and the performances of
safety fuels with two types of injection-valve nozzles
vvere compared.

HEATTRANSFZRONLIQUID-COOLEDENGINES

An investigation is being made of the heat-transfer
processes in a liquid-cooled engine using a number of
coolants. From the results of tests in which ethylene

glycol and water were the coolants, semiempirical equa-
tions have been derived relating cylinder-head tempera-
tures to indicated horsepower, rate of coolant flow,
and various physical properties of the coolant.

Heat-transfer coefficients.—A preliminary investigation
of the heat-trmsfer properties of several liquids has
been carried out with a laboratory apparatus built to
approximate engine conditions. Experimental work
has been completed that shows the effect of the ratio
of len=tih to diameter of an air passage on the value
of the heat-transfer coefficient prevailing in the pas-
sage. Considerable increase in heat-transfer coefficient
can be obtained by using smaller values of the length-
diameter ratio in the air passages.

Heat-transfer process.—Tests to determine the heat-
transfer process in a Wright Cyclone cylinder have
been completed. The theory of engine-cylinder cooling
developed in a previous report was further substan-
tiated by the data obtained on the Cyclone cylinder.
Equations for the average head and barrel temperatures
Df this cylinder, as functions of the engine and cooling
:onditions, -were utilized to calculate the variation in
:ylinder temperature with altitude for level flight and
:limb. A method was presented for correlating average
head and barrel temperatures and the temperatures at
individual points on the head and the barrel obtained
m the test stand and in flight. The method has been
~pplied to the correlation and the comparison of data
]btained on a number of service engines, Data were
dso obtained that showed the variation of cylinder
temperature with time when the power and the cooling-
nwssure drop are suddenly changed.

Heat-transfer coefficients in fright,-Tests have been
nade to determine the heat-transfer coefficients of an
Jectrically heated finned cylinder in flight. The object
)f the tests was to determine the heat transfer in flight
bnd compare it with that obtained in the laboratory
ests to determine best k dimensions. The ba~e
mrangement around the cylinder in flight was similar
o that used on modern radial engines. The results of
he tests showed that the laboratory coefficients were
,bout the same as the flight coefficients.

Engines in wings.-The necessity of reducing engine-
Iacelle drag has become increasingly acute owing to the
~adual elimination of other sources of parasitic resist-
nce. An obvious refinement for multieugine airplanes
: the removal of the nacelles from the wings and en-
losure of the complete power plant within the wing.
h investigation has been started to determine the cooi-
ng requirements of aircraft engines completely enclosed
n a wing and having the cooling air supplied by a
1ower.
Piston temperature.-As a part of the program for the

tudy of piston cooling, tests -were conducted on a single-
ylinder, air-cooled carburetor engine, and the effect of
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engine-operating conditions on the piston temperatures
was determined.

Radiators.-The study of radiator design has been
continued to determine the effect on design of placing
limitations, such as iixing the frontal area, mass flow or
pressure drop of cooling air, or length of tube in the air-
flow direction. Formulas are being developed to make
it possible to design the best radiator for conditions
where any one of the quantities listed is fixed, also to
give the maximum possible cooling efficiency obtainable
under certain design limitations.

Experimental -work is in progress to determine in de-
tail the nature of flow through tube banks. The better
understanding of flow across tubes being obtained as a
result of this work may make possible some improve-
ment in radiator design.

Oil coolers.—An analysis has been made of experi-
mental oil-cooler data from commercial sources. “Ex-
perimental work is in progress to determine heat-trans-
fer data for use in oil-cooler design.

Intercoolers,—A mathematical analysis of conven-
tional fin-type intercooler design has been made with a
view to showing how to calculate the intercooler design
that will use least power for speciiied cooling require-
ments.

The theoretical and the experimental investigations of
a light-weight type of intercooler have been continued.
Tests have been completed on a laboratory test unit, and
the results show good agreement with theory.

VARL4TIONOFENGINEPOWER~ITE ATMOSPHERICCONDITIONS

Two formulas have been derived for predicting the
power at altitude from sea-level tests; one for the case
where the exhaust pressure equals the intake manifold
pressure and the other for the case where the exhaust
pressure is greater or less than the intake manifold
pressure.

NATIONAL BUREAU OF STANDARDS

Phenomena of combustion,-The results of studies of
the normal burning of mixtures of benzene, normal
heptane, iso-octane, and carbon monoxide with oxygen
and nitrogen were published by the Committee as Tech-
nical Report No. 682. The conclusions drawn in this
report are applicable also to studies made subsequently
with triptane as the fuel. The spherical bomb and
auxiliary apparatus employed in this -work are being
modified for use at higher initial pressures.

The study of detonation and methods of detecting
detonation has been continued. Several experimental
indicators of detonation, using the principle of the
spring-loaded ball, have been built. The most successful
of these has been tested on the cylinders of several en-
gines, showing considerable promise in each case. Fur-
ther development is in the direction of making the
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device smaller and applicable to a wider varie~ of
engines.

Flow characteristics of fuel lines.-Under the auspices
of the Cooperative Fuel Research Committee, the
Bureau has nearly completed an experimental study
of the pressure drop across component parts of aircraft
fuel systems as a function of size, design, and rate of
gasoline flow.

Magnetos, testing and development.—Type tests were
conducted on several types of magnetos.

A new altitude chamber was constructed for making
electrical test+son aviation engine magnetos and other
accessories.

SUBCOMMI’ITEE ON AIRCRAFT FUELS AND
LUBRICANTS

LANGLEYMEMORIALAERONAUTICALLABORATORY

Investigation of antiknock characteristics of fuels.—The
investigation of the knocking characteristics of fuels in
a liquid-cooled engine having a hemispherical combus-
tion chamber has been continued. The data obtained
with this cylinder, like results for other cylinders
tested, show that the data on fuel knock can be corre-
lated by plotting an end-gas density factor against an
end-gas temperature factor. This investigation is to
be continued using one of the latest types of air-cooled
engine cylinders.

A study of the heat losses and the temperature rise
of the surfaces of the combustion-chamber wall of an
aircraft-engine cylinder has been made to determine
the changes that occur when engine operation passes
from normal nonknocking operation into knocking op-
eration. Importance is attached to the behavior of the
temperatures of the combustion-chamber surface -when
knocking occurs because of the danger of preignition
and consequent engine failure. Contrary to expecta-
tions the data obtained show that, when moderate audi-
ble knock is encountered, the temperatures of the com-
bustion-chamber surfaces do not rise abnormally fast.
Such a result was also found for hot spots in the
cylinder, such as spark-plug electrodes. The tempera-
tures of the combustion-chamber surfaces that become
new sources of ignition were f ound, however, to increase
markedly and rapidly after surf ace ignition com-
menced. The tests with this cylinder show that the
allowable knock rating is little affected by the aver-
age cylinder-wall temperatures. Likewise, hot-spot
temperatures are little affected by average wall
temperatures.

NATIONALBUREAUOFSTANDARDS

Investigation to develop nonleaded aircraft fuel of over
100 octane number.—This investigation, carried on f or
the past three years in cooperation with the National
Advisory Committee for Aeronautics, the Army Air
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Corps, and the Bureau of Aeronautics of the Navy De-
partment, will be extended to include the examination
of certain branched-chain parafiin hydrocarbons in the
volatility range of aviation safety fuel.

Stability of aviation oils.-The study of the stability
of aviation oils at the National Bureau of Standards
during the last several years resulted in the develop-
ment of a laboratory test for stability by means of which
it is believed possible to predict both the changes which
will occur in oils during operation in aircraft engines
and the extent of deposits which are formed in these
engines. A large number of engine inspections have
been made during the year and information on the con-
dition of these eneties, as regards enatie deposits, has
been compared with laboratory data on the oils on which
the engines were operated.

Ring sticking with aviation oils.-During the engine in-
spections made in connection with the study of oil
stability, information was obtained concerning the
extent of ring sticking.

Bearing corrosion.—In connection with the investiga-
tion of the corrosion of master-rod bearings, the study
of the tendency of aviation oils to form corrosive acids
has been continued.

Wear characteristics of aviation oils.-Considerable
progress has been made at the National Bureau of
Standards in the investigation of the wear character-
istics of aviation lubricating oils. A satisfactory test
procedure has been developed for the operation of the
laboratory wear apparatus and data have been obtained
on a number of reference oils. The effactiveness of a
htrge number of compounding agents in reducing the
amount of wear has also been determined.

Lubrication of master-rod bearings.-Cofisiderable prog-
ress has been made on the investigation of master-rod
bearing lubrication with the small bearing machine.
The information obtained includes the frictional char-
acteristics and heat-dissipation characteristics of bear-
filgs of one type of material. The operation covers a

wide range of speeds and loads when using a number
of oils of different viscosity grade at various oil-inlet
temperatures and oil-feed pressures.

SPECIAL SUBCOMM1’ITEON SUPERCHARGER
COIIpRESSORS

The ever-increasing demand for engines that can op-
erate at a high power output over a large range of alti-
tudes has greatly increased the importance of the
problems connected with superchargers. With an in-
crease in supercharging it is important that the super-
charger operates efficiently in order that it will require
a minimum amount of the engine power to compress the
air to the desired pressure and that the heat of compres-
sion or the discharge air temperature will not be unduly
increased. A high supercharger discharge air tempera-

ture is very objectionable for many reasons; it increases
the load on the intercooler and the detonating propen-
sity of the fuel and impairs the engine power because
of the reduced weight of charge that can be inducted.
An eficient supercharger also would be more reliable
because the heat stresses would become a less important
consideration for impellers operating at high tip speeds.

The Special Subcommittee on Supercharger Com-
pressors was appointed to study means for improving
the efficiency of centrifugal superchargers and is ac-
tively engaged on this problem.

SPECIAL SUBCOMMITTEE ON EXHAUST-GAS
TURBINES AND INTERCOOLERS

The exhaust-gas turbine is an important device for
recovering part of the energy available in the exhaust
gases of internal-combustion engines. It has been found
to be a useful means for driving the superchargers of
aircraft engines and, with the increasing importance of
superchargers, it has become equally important to in-
crease the eiliciency of the driving means.

With an increase in the output of supercharger com-
pressors, it is necessary to prevent any increase in tho
temperature of the charge entering the engine cylincler
in order to avoid detonation. The intercooler is a means
for reducing the temperature of the charge after or
during the compression process and becomes increas-
ingly important as the heat of compression of the air
in passing through the supercharger increases with the
greater amount of work performed on each unit mass
of air.

The Special Subcommittee on Exhaust-Gas Turbines
and Intercoolers was appointed to study the means for
improving the eiliciency of exhaust-gas turbines and
intercoolers, and is actively engaged on this problem.

REPORT OF COMMITTEE ON AIRCRAFT
MATERIALS

SUBCOMMI’ITEE ON ME’PALS USED IN AIRCRIWT

Permanence of aircraft metals under continuous weather-
ing.-Exposure tests of aircraft metals in sheet form
were continued throughout the year. The tests covered
commercial aluminum and magnesium alloys and vari-
ous chromium-nickel (“stainless”) steels under condi-
tions of continuous exposure in a marine atmosphere
and in atmospheric exposure with intermittent wetting
with sea water at high tide. A report was issued by
the National Advisory Committee for Aeronautics
during the year summarizing the results of the first
year’s work and a similar one on the second year’s
results will appear soon. In addition, a general report
summarizing results of tests covering a period of 10
years was published by the National Bureau of Stand-
ards as a research paper.
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That portion of the test covering welded and riveted
jointsin the light alloys has yielded very definite and
useful information as to the combination of metals
which must be avoided in assembly work, both in the
regular assembly -joints and in the attachment of
auxiliary parts to the main structure. In some un-
favorable cases, heads of rivets may be completely
disintegrated by the end of the first year, whereas, if
the proper combination of metals is chosen, the ri~ets
and adjoining metal are in excellent condition after
exposure in a similar environment.

The tests on insulating materials for use between
faying surfaces are in a relatively early stage. The
results, however, have clearly shown the need for a
more detailed study along this line, particularly when
conditions permit the retention of a film of water in
a crevice.

Some of the insulating materials used, or proposed
for commercial use, were very inefficient.

In the exposure tests of sheet stainless steel, visual
inspection of the specimens is usually sufficient to permit
a rough rating of the materials. A more exact rating
was obtained by flexural fatigue tests of specimens of
the material in its initial state, and of companion speci-
mens taken from the exposed sheet material. By this
means it has been possible to evaluate quite accurately
the relative corrosion damage on different stainless-steel
compositions and also to cliffeient.iate between the cor-
rosive effects in different environments.

Although discoloration of the spot welds by super-
ficial rusting was evident on all materials after ex-
posure, in no cases was the attack on the welds detri-
mental from the structural standpoint.

Elastic properties of high-strength constructional aircraft
metals.—The second report in this investigation, sum-
marizing the data on the effect on the tensile elastic
properties of plastic deformation (cold working) and
of heat treatment, is now in press. The beneficial effect
01 heat treatment of stainless steel, especially with
respect to its elastic properties, is especially noteworthy.
With the completion during the year of the study of
elastic properties of the metals at low temperatures,
the phase of the investigation on tensile elastic proper-
ties was completed. The assembling of the report on
this part of the investigation has been practically com-
pleted. The dearth of information on torsional elastic
properties of the metals used in tubular form in air-
craft construction prompted the extension of the inves-
tigation in this direction. The materials necessary for
this study have been assembled and the work is sched-
uled to start in the near future.

Protective treatment of magnesium.-It is well reco~-
nized that corrosion is a controlling factor -which de-
termines the length of useful life of magnesium as a
structural material, especially in a marine environ-

ment. Initial surface treatment
portant for this class of metals.

15

is therefore very im-
As yet no thoroughly

satisfactory method of treatment has been developed
for magnesium alloys, as has been done for the alumi-
num alloys.

Aircraft metals at subzero temperatures.-The results
of the extensive recent series of tests in this field have
been assembled and coordinated and are available to
designers and manufacturers. They will be published
ultimately as a research paper of the hTational Bureau
of Standards.

SUBCOMMIT1’EEON MISCELLANEOUS MATERIALS
AND ACCESSORIES

Development of plastic material for aircraft structures.—
The experimental work on the development of rein-
forced plastics suitable for aircraft construction is no-iv
proceeding along three main lines.

The first phase involves the synthesis of phenolic
resins from various raw materials, such as phenol,
cresols and xylenols on the one hand and formaldehyde,
acet aldehyde, and furfural on the other, and deter-
mining the relationship which exists between the com-
position and the properties of these resins. It has been
observed in work with the birch veneers that maximum-
strength values are obtained when the modulus of elas-
ticity of the resin binder & similar to that of the wood.
This should also be true of other types of laminated
products. Hence, this work on the properties of pure
s-ynthetic resins should make possible the selection of
resins suitable for use with whatever type of reinf orc-
ing agent is found to be desirable in molding aircraft
structures.

The second phase of the experimental program in-
volves further investigation of a number of reinforcing
materials. Various types of paper, cloth, wood veneers,
fibers, and thin rnet~ wires and sheets have been made
into laminated panels and their properties determined.
Optimum arrangement of these various elements in a
composite structure, and determination of the minimum
temperature and pressure necessary to obtain proper
bonding of the reinforcing agents, are the ultimate ob-

jectives of this work. Commercial resins and resins
synthesized in the laboratory at the Bureau of stand-
ards are being used in this work.

The third phase of this investigation involves the
determination of the pertinent physical properties of
those reinforced plastics which indicate possibilities for
use for aircraft construction. Materials submitted from
commercial sources, as well as those prepared in the
laboratory at the National Bureau of Standards, have
been examined, and such properties as tensile strength,
compressive strength, flexural strength moduli of elas-
ticity in tension, compression and flexure, shear
strength, impact strength, bearing strength, water ab-
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sorption, and specific gravity have been measured, and
these data are being incorporated into a report. Par-
ticular attention is being directed at the present time to
determining the modrdi of elasticity and the coefficients
of thermal expansion of the resins and reinforcing
agents, in order that these materials maybe matched up
as closely as possible with respect to these properties.

Evahmtion-of-transparent-plasticsas windshields for air-
oraft.-In previous reports of work on transparent
plastics, it was noted that accelerated aging tests made
with apparatus employing an enclosed carbon arc as
the source of ultraviolet light failed to correlate -well
with the results of outdoor exposure. A detailed in-
vestigation of accelerated weathering of transparent
plastics was therefore undertaken to obtain a reliable
test for rapid evaluation of weathering properties.

The effects of different laboratory accelerated-weath-
ering conditions upon various types of transparent
plastics -were evaluated by measurements of light trans-
mission and haze, and by visual examination of the
specimens for crazing, fusing, blooming, discoloration~
and warping. These results were compared with data
obtained for specimens of the same plastics exposed to
the weather in Washington, D. C. On the basis of
these tests, a method of accelerated weathering of trans-
parent plastics has been developed which gives results
correlating well with the actual behavior of the mate-
rials in outdoor exposure tests.

REPORT OF COMMITTEE ON AIRCRAFT
STRUCTURES

LANGLEY MEMORIAL AERONAUTICAL LABORATORY

STRUCTURALRESEARCH

The structural research conducted under the super-
vision of the Committee on Aircraft Structures is con-
cerned with both the theoretical and the experimental
approach. Wherever possible each problem is attacked
by both methods in order to obtain sound and proved
formulas for use in stress analysis and design. Some
of the structural problems on which progress has beeu
made during the past year are discussed in the follow-
ing paragraphs.

Rib design.-One of the structural problems that has
been quite generally overlooked in the past by engi-
neers is the design of intermediate frames and ribs in
stressed-skin structures. The work on this subject, re-
ported last year, has been greatly extended both theo-
retically and experimentally.

Diagonal-tension beams.—In practical design where
diagonal-tension beams are encountered, it is usually
found that the beam lies in a region somewhere between
a shear-resistant web and a completely developed diag-
onal-tension field. In order to supply information on
the transition region between these two extreme condi-

tions, a special investigation of the incompletely devel-
oped diagonal-tension field beam was undertaken.

Stress distribution in monocoque structures,-The shear
deformation of monocoque structures is such as to co,use
the stress distribution to differ considerably, in many
cases, from that given by the ordinary theory of bend-
ing. Consequently, for a proper analysis of stressed-
skin structures, the effect of this shear deformation
must be considered. Technical Note No. ’739 presents
a convenient method of solving this problem by the
method of dividing the beam into a number of bays that
can be assumed to have constant cross section and load-
ing. The solution is particularly well adapted to beams
of variable cross section and loading. The recurrence
formula given in the paper is analogous in form to the
well-known three-moment equation of beams.

Photoelastic analysis of three-dimensional stress sys-
tems.—During the past year a photoelastic analysis of
three-dimensional stress systems was made by utilizing
the polarization phenomena associated with the scat-
tering of light. By this method, the maximum shear
and the directions of the three principal stresses ah any
point within a model can be determined, and the two
principal stresses at a free-bounding surface can be
separately evaluated. Polarized light is projected into
the model through a slit so that it illuminates a plane
section. The light is continuously analyzed along its
path by scattering and the state of stress in the illumi-
nated section is obtained. By means of a series of such
sections, the entire stress field may be explored. The
method was used to analyze the stress system of a simple
beam in bending. The results were found to be in good
agreement with those expected from elementary theory.
This work is presented in Technical Note No. 737.

Local instability of compression members.—During the
past year one paper (Technical Note No. 743) has been
prepared wherein charts are presented for the coeffi-
cient in the formula for critical compressive stress at
which cross-sectional distortion begins in columns with
I-sections, Z-sections, channel sections, and rectangular-
tube sections.

Torsional instability of columns.-’until recent years
little progress had been made in developing the theory
cf torsional failure of columns.

Before proceeding with further theoretical analyses
m torsional instability of columns, the Committee con-
sidered it desirable to make a careful experimental in-
vestigation of the subject. Arrangements were made to
have the tests conducted by Professor Niles at Stanford
University. These tests were completed during the past
year and the results are presented in Technical Note No.
733. The results of the tests that were made on channel
section columns tend to validate the theoretical formu-
las developed by the Committee.
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As a consequence of this experimental investigation
the Committee is now proceeding to work out theoreti-
cal formulas on torsional instability of columns in a
practical form for designers. Where these formulas
give a lower critical stress than the ordinary column
formulas, failure can be expected to occur by torsional
instability.

Compressive strength of sheet-stiener panels.—An ex-
tensive investigation of the compressive strength of
sheet-stiffener panels was made under contract by the
California Institute of Technology and the results are
reported in Technical Note No. 752.

STRUCTURALLOADSONAIRPLANES

The Committee, in cooperation with the Civil Aero-
nautics Authorityj insti~uted a program during the
past year of installing V-G recorders in all large air-
planes and in the smaller types of airplane as they were
produced and put into service. In line with this pro-
gram a few flight records were obtained on the Boeing
S-307 Stratoliner during the early flight tests and more
recently in regular scheduled operation on the air
transport lines.

Gust tunnel.-Some time has been spent during the
past year in improving the accuracy of the gust tunnel
and in developing a method of recording the wing de-
flections of the airplane models as they traverse the
gust tunnel,

The results of tests of a gust-alleviating flap which
have been previously mentioned, have been analyzed
and published in Technical Note No. 745. The analy-
sis indicated that the reduction in acceleration due to
the flap could be calculated with a fair degree of
accuracy.

Tests in the gust tunnel on a model of a canard air-
plane, which were reported last year, have since been
published in Technical Note No. ‘758.

An investigation of the effect of the stability of an
airplane on the gust-load factor is now in progress. In
this investigation the gust shape and the various stabil-
ity parameters are being varied to determine their effect
on the load factor. A series of calculations on the effect
of stability is being made concurrently to complete the
investigation.

Dynamic overstress.-During the past year calcula-
tions of the reactions of an airplane with a flexible wing
have been made for a large number of cases. Calcula-
tions were made on the basis of the previously verified
assumption that the actual damping under rapidly
changing conditions is equivalent to a constant propor-
tion of the ideal damping for steady-flow conditions.
The calculations indicate that, except for the sharpest
gusts, the stress in the wing is equal to or less than that
for static conditions. The results also show that the ac-
celerations at the wing tip will be two to three times the
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Acceleration in the fuselage for sharp gusts and will
iecrease to unity for the larger gust-gradient distances.

In order to investigate the accuracy of the calcula-
tions, a series of tests on an airplane model with a flexi-
)le -wing is in progress in the gust tunnel.

Load distribution.-The analytical study of the varia-
;ion of the net wing loads under conditions of combmed
lormal and angular accelerations has been published in
rechnical Note No. 75’7. This study included the shear
md the moment variation due not only to one-wheel
landings but also to aileron deflections in flight.

Measurements of the pressure distribution over a sin-
gle rib of an airplane diving at speeds in excess of 550
miles per hour have been made.

Tail loads.—The study of tail loads has been con-
tinued along the lines indicated in the last annual report
of the Committee. The analytical report giving the
results of the study of factors affecting the tail loads
has been completed. The supplementary flight tail-
load program, in which the tail of a small airplane was
mounted on calibrated springs and in which conditions
of elevator movement were rigidly controlled, has been
completed. The evaluation of the data is now nearly
completed.

Loads on seaplane hulls.-The evaluation of the large
amount of pressure, stress, and acceleration data taken
in the flight tests of the two large flying boats men-
tioned in the last annual report has been completed.
The results from these investigations are, in general,
in reasonable agreement, although individual impacts
show wide variation in the loads. It appears that the
relative severity of rough-water and smooth-water im-
pacts is principally due to differences in the distribution
of water load over the bottom.

The survey of the available literature on the theory
of landing impacts, which is a part of the research pro-
gram for understanding the processes involved in the
landing impact, has been completed. The impact theory
is applied to numerous cases in which actual impact
data are available. The checks obtained are such that,
if isolated, they -would seem to corroborate the theory.
The need for an impact basin is indicated.

NATIONAL BUREAU OF STANDARDS

The work on aircraft structures has been conducted
in cooperation with the National Advisory Committee
for Aeronautics and the Bureau of Aeronautics of the
Navy Department.

Tensile and compressive stress-strain graphs of thin sheet
metaL—With the development of the pack test, a large
amount of data on compressive, as well as tensile, prop-
erties of thin sheet metal for aircraft has been accumu-
lated at the National Bureau of Standards.

Strengzh of flush-riveted joints.-The program on static
tests of flush-riveted joints has been extended to in-



.

18 REPORT I?ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

elude single-rivet and multiple-rivet joints fabricated
by the principal aircraft manufacturers, each manu-
facturer using his own type of joint and riveting
technique.

Aging of aluminum rivet alloys.-Data on the increase
in strength with aging of riveted joints and rivet wire
were acquired as a byproduct of the investigation of
riveted joints. Curves were obtained on four com-
monly used aluminum rivet alloys for the increase, with
aging time up to 2~2 years, of tensile and shearing
strength of rivet wire, shearing strength of riveted
joints, and driving stress required to form a standard
cone-point head.

Aircraft tubing.-The second portion of the probmam
on high-strength chromium molybdenum steel tubing
of the type used in landing gears was completed by
tests of 15 tubes with D/t ratios from 12 to 34 under
combined axial and bending loads. The results indi-
cate the errors involved in computing the strength of
these tubes under combined load by various methods of
interpolation between the strength under pure axial
load and pure bending load.

Flat plates under normal pressure.-The pro=gram of
normal pressure tests of flat plates has been completed
with a report on rectangular plates. It was found that
all results for rectangular plates with clamped edges
could be plotted on a dimensionless basis to give an
empirical relation between the washboarding pressure,
i. e., the pressure at which yielding begins: the dimen-

sions of the plate, and the tensile properties of the
material.

Sheet-stringer panels.—llnd compression tests hmve
been carried out on six spot-welded aluminum-alloy
sheet-stringer panels which were identical except for u
variation in spot-weld spacing from 1/2 to 4 inches
between centers. Three of the panels failed by sepa-
ration of spot welds at a stress appreciably below thut
for failure by stringer instability. The remaining
three panels failed by stringer instability at n stress
in aameement with an empirical chart prepared on the
basis of tests on riveted panels.

Monocoque box under transverse load,—The second and
third portions of the program of tests on monocoque
boxes were completed with a stress survey of a mono-
coque box specimen under pure bending loads and
cantilever bending loads. At low loads the strain dis-
tribution in the center portion of the box was found
to agree closely with that calculated from the simple
beam theory. Buckling of the sheet between stringers
occurred at a stress in agreement with that observecl in
the end compression test described in Technical Note
NO. 721.

l?atigue tests of aluminum-alloy wing beams,—Axial
fatigue tests of wing beams by the resonance method
were continued with tests on additional specimens.
These tests were run at relatively low stress amplitudes
in order to obtain points on the stress versus cycles-to-
failure curve which would indicate the fatigue limit of
the assembled structure.



PART II

ORGANIZATION AND

The National Advisory Committee for Aeronautics
ww established by act of Congress approved March 3,
1915, and the membership increased from 12 to 15 by
act approved March 2, 1929 (U. S. C., title 50, sec. 151).
Its membership is appointed by the President and con-
sists of two representatives each of the War and Navy
Departments from the offices in charge of military and
naval aeronautics, two representatives of the Ckil
Aeronautics Administration (Civil Aeronautics Act of
1938), one representative each of the Smithsonian Insti-
tution, the United States Weather Bureau and the Na-
tional Bureau of Standards, together with six addi-
tional persons who are “acquainted with the needs of
aeronautical science, either civil or military, or skilled
in aeronautical engineering or its allied sciences.” These
latter six serve for terms of 5 years. All the members
serve as such without compensation. During the past
year the following changes occurred in the membership
of the main Committee:

The term of office of Col. Charles A. Lindbergh ex-
pired December 1, 1939, and, pursuant to his own

request, he was not reappointed.
To succeed Colonel Lindbergh, the President ap-

pointed Brig. Gen. Walter G. Kilner, United States
Army, retired, formerly Assistant Chief of the Army
Air Corps, for the 5-year term expiring December 1,
1944. General Kilner resigned on March 12, 1940, be-
cause of the fact that he had accepted a position -with
one of the aircraft manufacturers.

To fill the vacancy caused by General Eilner’s resig-
nation, the President, on March 26, “1940, appointed
Dr. Robert E. Doherty, president of the Carnegie In-
stitute of Technology, Pittsburgh, Pa., to serve the
remainder of the term expiring December 1, 1944.

Hon. Clinton M. Hester, Administrator of Civil
Aeronautics, on August 2, 1940, submitted his resig-
nation as a member of the Committee as a representa-
tive of the Civil Aeronautics Authority, because of his
retirement from his post as Administrator of Civil
Aeronautics.

On September 5, 1940, the President appointed Col.
Donald H. Connolly, Aclministrator of Civil Aeronau-
tics, a member of the Committee to succeed Mr. Hester
to serve as one of the two representatives of the Civil
Aeronautics Administration provided by law.

Under the rules and regulations governing the work
of the Committee, as approved by the President, the

GENERAL ACTMTIES

Chairman and Vice Chairman are elected annually, as
are also the Chairman and Vice Chairman of the Ex-
ecutive committee. On october 19th, 1939, Dr. van-
nevar Bush was reelected Chairman and Dr. George
J. Mead was reelected vice chairman of the main
committee. Dr. Bush was also reelected Chairman of
the Executive Committee and Dr. Charles G. Abbot
was reelected Vice chairman of the Executive Com-
mittee.

The executive offices of the Committee, including the
oflice of aeronautical intelligence and the ofice of aero-
nautical inventions, are located in the Navy Buildingj
Washington, D. C., in close proximity to the air organi-
zations of the Army and Navy.

The office of aeronautical intelligence was estab-
lished in the early part of 1918 as an integral branch

of the Committee’s activities. It serves as the deposi-
tory and distributing agency for the scientific and tech-
nical data on aeronautics comprising the results of
fundamental Committee researches and also the scien-
tific and technical information collected by the com-
mittee from governmental and private agencies in this
country and abroad. The data collected are classified,
cataloged, and disseminated by this o%ce.

On June 3,1940, the headquarters of the Committee’s
technical assistant in Europe, Mr. John J. Ide, were
transferred temporarily from the American Embassy
in Paris to the American Legation at Berne, Switzer-
land. On June 14, 1940, the activities of the office of
the technical assistant in Europe were suspended by the
Committee, and Mr. Ide returned to the United States
by air from Lisbon in July 1940.

RESEARCH FACILITIES

Langley Field, Vs.—With the consistent support of
the President and of the Congress, the Committee has
developed at Langley l?ield, Vs., a large and well-
equipped aeronautical research laboratory, known as
the Langley Memorial Aeronautical Laboratory.

At the present time, the Langley Field laboratory
comprises the following units: The 8-foot, 500-mile-per-
hour wind tunnel; the full-scale wind tunnel -with a
throat 60 by 30 feet; a 19-foot pressure wind tunnel;
the 20-foot propeller-research tunnel; the 5-foot vari-
able-density wind tunnel; a ‘7- by 10-foot wind tunnel;
a 4 by 6-foot vertical wind tunnel; a 15-foot free-
spinning wind tunnel; a 12-foot free-flight wind tunnel;
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a refrigerated wind tunnel with a thoat ‘i’~2 by 3 feet;
two high-velocity jet-type wind tunnels of 11- and
24-inch throat diameters, respectively; the 2,900-foot
NACA tank; an engine research laboratory; a flight
research laboratory; an instrument laboratory; and
administration, shop, and service buildings. The re-
search facilities at Langley Field also include the
following recent additions: A structures-research lab-
oratory and a two-dimensional flow wind tm.nnel.

The Committee is proceeding to construct at Langley
Field a stability wind tunnel, a 16-foot high-speed wind
tunnel, a 20-foot free-spinning wind tunnel, a second
seaplane-towing tank, an electric power generating
plant, and extensions to the NACA hangar and
administration building.

Moffett Field, Calif.-The Committee has “in process of
construction at Moffett Field, Calif., a second major
research station, authorized by act approved August 9,
1939, at a total cost of not to exceed $10,000,000. of
this amount $6,090,980 has been appropriated by the
Congress.

The laboratory was named on April 18, 1940, with
the approval of the President, the Ames Aeronautical
Laboratory in honor of Dr. Joseph S. Ames, past
Chairman of the Committee and President Emeritus of
the Johns Hopkins University at Baltimore, Md. Dr.
Ames was one of the original members of the National
Advisory Committee for Aeronautics appointed by
President Wilson in 1915 and had served continuously
for over 24 years as a member, including 20 years during
which he was either Chairman of the main Committee
or Chairman of its Executive Committee.

At the present time the Ames Aeronautical Labora-
tory comprises the following units: A flight-research
laboratory and a shop building. The Committee is
proceeding to construct a 16-foot wind tuel, tmo
7- by 10-foot wind tunnels, a stock and utilities build-
~g, a sciencelaboratory, an administration building.

and other wind tunnels.
The Committee will conduct its research activities at

this laboratory under a status similar to that under
which it functions at Langley Field.

THIRD RESEARCH STATION

Reference was made in the previous annual report to
the recommendation of the Special Survey Committee
on Aeronautical Research Facilities, which, on October
19,1939, recommended, “that an engine research labora-
tory be constructed at the earliest possible date?’ That
committee was composed of Col. Charles A. Lindbergh,
chairman; Maj. Gen. Henry H. Arnold, Chief of the
Army Air Corps; Rear AdmiraI John H. Towers, Chief
of the Bureau of Aeronautics, Navy Department; and
Hon. Robert H. Hinckley, Chairman of the Civil Aero-
nautics Authority. The main committee immediately

appointed a Special Committee on Engine Research
Facilities to advise with the Director of Aeronautical
Research and submit recommendations with regard to
the scope of the proposed new engine research labora-
tory. This Special Committee on Engine Research Fa-
cilities was composed of the following:

Dr. George J. Meacl, Chairman.
CommanderRICOBotta, United States Navy.
Mr. Frank W. Caldvwll, Hamilton Standard Propellers.
Mr. R. M. Hazen, AUison Engineering Company,Division of

GeneralMotors Corporation.
Mr. S. D. Heron, Ethyl Gasoline Corporation.
Mr. L. S. Hobbs, Pratt & Whitney Aircraft Corporation.
Mr. Carlton Kemper, Langley Memorial Aeronautical Labo-

ratory.
Mr. Gaylord W. Newton, Civil Aeronautics Authority.
Mr. Arthur Nutt, Wright Aeronautical Corporation.
Maj. E. R. Page, Air Corps, United States Army.

The report of the special Committee on Engine Re-
search Facilities, dated January 23, 1940, presented a
complete detailed plan for the equipment of the pro-
posed engine research laboratory. This report was ap-
proved by the main Committee on February ‘i’, 1940, and
a supplemental estimate of appropriation was submitted
to the Bureau of the Budget on March ‘7, 1940. After
careful study in the Bureau of the Budget, the project
was approved by the President and submitted to the
Congress on May 20, 1940 (House Dec. No. 7’77, 76th
Cong., 3d sess.).

After hearings before the House Appropriations
Committee, the aircraft engine research laboratory was
authorized by the Congress in the “First supplemental
National Defense Appropriation Act, 1941,” approved
June 26, 1940. That act appropriated $2,000,000 and
sarried contract authorization to a total of $8,400,000
for the construction and equipment of the proposed ltib-
matory, including acquisition of a site to be selected by
the committee. Seventy-two sites for the proposed lab-
matory were brought to the attention of the committee
md -were referred to a Special Committee on Site, con-
sisting of Dr. Vannevar Bush, chairman, Dr. Lyman J.
Briggs, Maj. Gen. George H. Brett, Army Air Corps,
3apt. Sidney M. Eraus, United states Navy.

The Special Committee on Site determined the con-
~iderations to be evalnated and approved a schedule of
weights. The characteristics of each of the se.venty-
xvo sites, as described in the proposals and as supple-
mented by interviews and inquiries, were subjected to .
;areful analysis. The elements that were evaluwted
ncluded the size, status and amount of air trafic on
Ae flying field; the area available; the character of th~
;oil; the acceptability of the site; water and sewage
connections; vulnerability to air attack; adequacy and
!ost of electric power; proximity to a suitable industrial
:enter; accessibility to the aircraft engine industry;
Accessibility to centers of scientific and technical activ-
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ity; composition, cost, and quantity of water; climate
and weather; and living and working conditions for
employees.

A careful analysis of the sites offered impressed the
committee with the fact that the proposed laboratory
could be effectively operated in any one of a number of
cities. A Special Subcommittee on Site Inspection was
therefore appointed consisting of:

John P’. Victory, chairman.
Clapt.Donald J. ~eirn, Ah Corps,United StatesArmy, Wright

P’ield,Dayton, Ohio.
Lt. Comdr. John NLRutherford, United States Navy, Bureau

of Aeronautics.
I&. Russell G. Robinson, of the Committee’s engineering

staff.

A total of 37 cities or localities was visited and inspec-
tions made of from 1 to 4 sites in each place. The
reports on inspections were made without recommenda-
tions and were carefully considered by the Special Com-
mittee on Site. As additional information was received
by mail and by interview it was incorporated in the
rc,cord of each si~. The Special Committee on Site,
after five meetings and most careful consideration of all
factors, made a unanimous recommendation to the
main Committee, and the latter, after carefully review-
iug the methods used and the evidence, and after pro-
longed discussion and questions, unanimously approved
the report and recommendation of the Special Com-
mittee on Site to the effect that the site at the municipal
airport at Cleveland, Ohio, was in its combination of
advantages the site for the aircraft engine research
laboratory that would best serve the nation’s interests.

This decision was announced on November 25, 1940,
and immediately the Committee started advertising for
bids on construction.

The site selected consists of approximately 200 acres
fronting on a first-class municipal airport and backed
by a metropolitan park. The cost of the land is $500.

The Committee will proceed with construction of the
laboratory as rapidly as possible.

COOPERATION WITH THE AVIATION INDUSTRY

In the formulation of its research programs, the Com-
mittee includes provision for the problems of aeronauti-
cal research which are of particular importance to the
aviation industry, in connection with both the design
and operation of aircraft. The representatives of the
industry refer their problems of this nature to the Com-
mittee as they arise, either by correspondence or througl~
personal contact. The Committee avails itself of every
opportunity to obtain suggestions and recommendations
f~om representatives of the aircraft manufacturers and
operators as tQ investigations which are deemed o~
s~ecial importance.

Because of the great increase in the number and im.
portance of urgent research problems under investiga.

ion by the Committee and the greatly increased pres-
ure of -work resulting from the-effort required in the
lesign and construction of new research facilities, the
lommittee this year found it necessary to postpone its
,nnual conference with representatives of the aircraft
ndustry usually held at its laboratory at Langley I?ield,
Ta. In order to insure that this postponement would
lot result in depriving the industry of the Committee’s
,ssistance in the solution of urgent and important prob-
ems, the Committee arranged for the various aircraft
manufacturers separately to send their representatives
o the Langley Field laboratory for conferences with
nembers of the Committee’s staff to discuss important
:roblems.

Realizing that frequently the value of information
s greatly enhanced by its prompt availability, the Com-
nittee makes every effort to place the results of its re-
~earches at the earliest possible date in the hands of
hose units of the industry which have been designated
)y the Army or Navy to receive restricted or confidential
nf ormation. It sometimes appears, in the course of an
ndensive investigation being conducted by the Com-
nittee, that the results so far obtained will be of special
nterest and value to the aircraft industry if made avail-
~ble immediately. ~ such cases the Comittee issu=

;lie information in advance confidential form.

CONSIDERATION OF AERONAUTICAL INVENTIONS

By act of Congress approved July 2, 1926, an Aero-
nautical Patents and Design Board was established con-
sisting of Assistant Secretaries of the Departments of
War, Navy, and Commerce. In accordance with that
act as amended by the act approved March 3, 1927, the
National Advisory Committee for Aeronautics passes
upon the merits of aeronautical inventions and -desia~s
submitted to any aeronautical division of the Govern-
ment, and submits reports thereon to the Aeronautical
Patents and Design Board. That board is authorized,
upon the favorable recommendation of the Committee,
to “determine whether the use of the design by the Gov-
ernment is desirable or necessary and evaluate the de-
sign and fix its worth to the United States in an
amount not to exceed $75,000.”

During the past year the inventions section received
correspondence relating to about 2,650 inventions and
designs pertaining to the aeronautical art. All of these
proposals were given careful consideration and evalu-
ated. The necessary correspondence was conducted to
advise the submitters of the evaluations and interviews
were granted inventors to discuss new proposals and
their merits.

COORDINATION OF AERONAUTICAL RESEARCH

As recommended by a special committee appointed
in 1939 to study the problem of coordination of all
aeronautical research activities in the United States, a
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Coordinator of Research, Mr. S. Paul Johnston, vvas
appointed January 9, 1940. A coordination o%ce -was
set up in the Committee’s headquarters in Washington,
and provisions made for a resident coordination repre-
sentative on the West Coast. In order to maintain
close contact with manufacturers and in order to keep
in touch with all organizations, governmental and
private, that operate research facilities, the coordina-
tion staff has during the year made approximately the
following number of visits:

75 visits to schools and universities.
130 visits to aircraft manufacturers.

30 visits to aircraft engine manufacturers.
65 visits to miscellaneous accessories and mate-

rials manufacturers.
10 visits to governmental laboratories (other

than NACA).

This work has not been restricted to any particular
area in the TJnited States but has included every locality
where anything of significance in aeronautical progress
is known tO be under way. Reports submitted to the
laboratory by the coordination staff in the field have
been extremely valuable in providing closer contacts
between the research personnel of the NACA and
the aircraft and engine industries.

A number of special problems are being handled
through the Coordination Office. Among them are:
(a) A spot-welding research program on- aluminum
alloys in cooperation with the Army, the Navy, the Na-
tional Bureau of Standards, and the Welding Research
Committee; @) an analysis of engine power ratings
and engine accidents in cooperation with the C. A. A.,
and the National Defense Advisory Commission; (c) am
investigation of current design practice with respect
to ducting for cooling engines and power plant acces-
sories, (d) a survey of current opinion and practice
in the industry regarding standardized and inter-
changeable power plant assemblies; (e) a continuation
of the investigation of the use of plastic materials and
plastic bonded plywoods for the Army and Navy, in
cooperation with the National Bureau of Standards,
the Forest Products Laboratory, and other Govern-
ment agencies. Where it seemed desirable, conferences
have been arranged at various places, including the
Langley Field laboratory, and arrangements have been
made frequently for laboratory personnel to visit in-
dustry units on special problems of urgent interest to
national defense.

AERONAUTICAL RESEARCH IN EDUCATIONAL
INSTITUTIONS

One of the main duties with which the Coordinator
of Research is charged is the utilization to the maximum
advantage to the IJnited States of available research
facilities in educational and scientific institutions.

COMMITTEE FOR AJ3ROISAUTICS

Early in 1940 an extensive survey was made by a ques-
tionnaire of educational institutions in the United
States that were known to have facilities that had
any bearing on aeronautical research. There is now
on file in the Washington office full information on the
equipment and personnel of some 75 schools. Many of
these schools have been visited personally by the Co-
ordinator or his staff as a check on the material sub-
mitted in response to the questionnaire.

During the course of the year, suggestions have been
solicited from Government agencies and from the air-
craft and engine industries for research problems suit-
able for university laboratory allocation. Although
many proposals for research are still being initiated by
universities, it is the policy of the coordination division
to suggest to such private laboratories problems that fit
into the requirements of the Government.

With funds available under the 1941 appropriations,
some 30 research projects have been set up in various
university laboratories, subdivided as follows:

Projoot8
Aerodynamics ------------------------------------------- 6
Stmctires ______________________________________________ 10
Materials ----------------------------------------------- jj
Power plants__________________________________________ 9

A number of proposals are no-w under consideration
by the various subcommittees, which, by January 1941,
will absorb the entire balance of funds available for
the current fiscal year. In view of the large number
of research projects that have bearing on the defense
programs, increased appropriations for the support of
research in scientific and educational institutions have
been ~equested for the fiscal year 1942.

SUBCOMMITTEES

The National Advisory Committee for Aeronautics
has organized standing technical committees, with sub-
committees, for the purpose of coordinating the re-
search needs of aviation and preparing research
programs in their respective fields. The four main
technical Committees on Aerodynamics, Power Plants
for Aircraft, Aircraft Materials, and Aircraft Struc-
tures, with their subcommittees, recommend the pro-
grams for aeronautical research conducted by the
Committee’s laboratories and those conducted by other
agencies. Under the Committee on Aerodynamics two
additional standing subcommittees have recently been
organized to provide for studies in particular fields of
aerodynamic research, namely, the subcommittee on
Propellers for Aircraft and the Subcommittm on
Rotating-Wing Aircraft.

As previously stated, it is the policy of the Committee
to establish from time to time special technical subcom-
mittees for the study of particular problems as they
arise. To meet the increasing needs of the militzry
services and the industry, three new special subcom -
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mittees have been appointed during the past year under
the Committee on Power Plants for Aircraft. These
are the Subcommittees on Supercharger Compressors:
Exhaust-Gas Turbines and Intercoolers, and Induction-
System De-Icing.

The work of the standing and special technical com-
mittees and subcommittees has been described in part 1,
The organization of all the Committee’s subcommittees
is m follows:

COMMITTEE ON AERODYNAMICS

Dr. Edward warner, Chairman.
Bfr. EclmundT. Allen, Boeing .4ircraft Co.
Llaj. Howard Z. Boger~ Alr Corps, United States. Army,

llat6riel Division, lvright I!Ield. “
Lt. Col. I?ranldin O. Carroll, Air Corps, United States Army,

Mai%riel Division, Wright Field.
Mr. CharlesH. Chatfield,UnitedAircraft Corporation.
CommanderWalter S. Diehl, United States Navy.
Dr. Hugh L. Dryden, NationalBureau of Standards.
Mr. John Easton,Civil AeronauticsAdministration.
Mr. J. T. Gray, Civil AeronauticsAdministration.
Mr. Eastman N. Jacobs, Na&onal Advisory Committee for

Aeronautics.
ltr. S. Paul Johnston,National Advisory Committeefor Aero-

nautics (ex-officio member).
Prof. Otto Koppen, IJassachusettsInstitute of Technology.
Dr. George W. Lewis, National Advisory Committeefor Aero-

nautics (ex-officio member).
Dr. ClarkB. Ilillikan, California Institute of Technology.
hlr. Robert R. Osborn, Vultee Aircraft, Inc.
CommanderE’.W. Pennoyer, Jr., United States Navy.
Mr. H. J. E. Reid, National Advisory Committee for Aero-

nautics.
Mr. Fred E. Weick, Engineering and Research Corporation.
Mr. John B. Wheatley, The Glenn L. Martin Co.
Mr. Theodore P. Wright, Cnrtiis-Wright Corporation.

SUBCOMMITTEEON AIRSHIPS

Dr. J. C. Hunsaker, Chairman,
Starr Truscott, National Advisory Committee for Aeronautics,

Vice Chairman.
John IPaston, Civil Aeronautics Administraticm.
Capt. Garland Fulton, United States Navy.
Lt. Col. C. P. Greene, Air Corps, United States Army, Mat6riei

Division, liaison officer at NACA Laboratory.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-otiicio member).
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-rtfficiomember).

SUBCOMMITTEEON METEOROLOGICALPROBLEMS

Dr. l?. W. Reichelderfer, Chairman.
CO1.Ii. S. Gorrell, Alr Transport Association of America. ‘
Dr. W. J. Humphreys, United States Weather Bureau.
Dr, J. C. Hunsaker, Massachusetts Institute of Technology.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-ofiicio member).
R. W. Knight, Civil Aeronautics Administration.
Dr. George W. T.ewis, National Advisory Committee for Aero

nautics (ex-officio member).
Delbert M. Little, Uuited States Weather Bureau.
Dr. Charles F. Marvin, Washington, D. C.
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Capt. Arthur F. Merewether, Air Corps, United States Army.
Lt. Comdr. Howard T. Orville, United States Navy.
Mr. Richard V. Rhode, National Advisory Committee for Aero-

nautics.
Dr. C. G. Rossby, United States Weather Bureau.

SPECIALSUBCOMMITTEEON LIGIiTNINGHAZARDSTO
AIRCRAFT

Delbert M. Little, United States Weather Bureau, Chairman.
Dr. 0. H. Gish, Carnegie Institution of Washington.
Lt. Comdr. Robert S. Hatcher, United States Navy.
Charles H. Hehns, National Advisory Committee for Aer&

uautics.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-officio member ).
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex+iicio member ).
K. B. McEachron, General Electric Co.
Irving R. Metcalf, Civil Aeronautics Administration.
E. J. Minser, Transcontinental & Western Air, Inc
Captain C. K. Moore, Ak Corps, United States Army, Mat.4rh?l

Division, Wright Field.
Dr. F. B. Silsbee, National Bureau of Standards.

SUBCOMMITTEE ON SEAPLANES

Dr. J. C, Hunsaker, Chairman.
Theophile dePort, liaison office at ?NACALaboratory.
Commander W. S. Diehl, United States Navy.
J. T. Gray, Civil Aeronautics Administration.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-officio member).
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (eX-officio member).
Captain C. K. Moore, Air Corps, United States Army, Mai%%iel

Division, Wright Field.
A. L. Morse, Civil Aeronauti@ Administration.
Captain H. C. Richardson, United States Navy.
Starr Truscott, National Advisory Committee for Aeronautics.

SUBCOMMITTEEON VISRATIONAND FLUTTER

H. J. E. Reid, National Advisory Committee for Aeronautics,
Chairman.

Capt. Frederick R. Dent, Jr., Air Corps, United States Army,
Mat+riel Division, Wright Field.

Commander W. S. Diehl, United States Navy.
Lt. Comdr. Robert S. Hateher, United States Navy.
Charles H. Helms, National Advisory Committee for Aero-

nautics.
H. D. Hoekstra, Civil Aeronautics Administration.
S. Paul Johnston, National Advisory Committee for Aero-

nau~lcs (ex-officio member).
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-officio mem-her).
Irving R. Metcalf, Civil Aeronautics Administration.
Dr. Walter Ramberg, National Bureau of Standards.
Lt. Albert B. Stoles, United States Navy.
Benjamin Smilg, Mat&iel Division, Army Air Corps, Wright

Field.
Dr. Theodore Theodorsen, National Advisory Committee for

Aeronautics.

SUBCOMMITTEEON PROPELLERSFOR AIRCRA~

II’rank W. Caldwell, Hamilton Standard Propellers, Chairman.
David Biermann, National Advisory Committee for Aero-

nau~lcs.



24 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Maj. Howard H. Couch, Air Corps, United States Army,
Mat6riel DhiAon, Wright Field.

Dr. %?ughL. Dryden, National Bureau of Standards.
Mr. Louis H. Enos, Curtiss Propeller Division.
S. Paui Johnston, National Advisory Committee for Aero-

nautics (=-officio member).
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-oficio member).
Erie Martin, Hamilton Standard Propeiiers.
John C. Morse, Civil Aeronautics Administration.
Lt. Waiiace B. Mechling, United States Navy.
Mr. Fred E. Weicli, Engineering and Research Corporation.

SUBCOhmIITTEEON ROTATINGWING AIRCRAIW

John Easton, Clvii Aeronautics Administration, Chairman.
Mr. Frederick J. Baiiey, Jr., National Advisory Committee

for Aeronautics.
Commander Walter S. Diehl, United States Nati.
Capt. V. R Haugen, Air Corps, United States Army.
S. Paul Johnston, NationaI Advisory Committee for Aero-

nautics (es-officio member).
Prof. Aiexander Kiemin, Daniel Guggenheim School of Aero-

nautics, New York UniversiQ-
A. E. Larsen, Pitcairn Autogiro Co.
W. Laurence Le Page, Plat&Le Page Aircraft Co.
Dr. G. W. Lewis, National Advisory Committee for Aero-

nautics (ex-officio member).
R H. PrewitL Keiiett Autogiro Corporation.
L L Sikors@, Vought-Sikorsky Aircraft.

COIUfilITTEEON POWER PLANTS FOR AIRCRAFT

Dr. George J. ~ead, Chairman.
Arthur Nutt, wright Aeronautical Corporation, Vice Chair-

man.
CommanderRICO130tta,United StatesNavy.
Frank ~. Caldweii, Hamiiton Standard Propeiiers.
Dr. H. C. Dickinson, National Bureau of Standards.
R. M. Hazen, Aiiiion Engineering Company.
S. D. Heron, Ethyl Gasoiine Corporation.
L. S. Hobbs, Pratt & Whitney Aircraft.
S. Paul Johnston, National Advisory Committee for Aero-

nautics (ex-officio member).
Carlton Kemper, National Advisory Committee for Aeronau-

tics.
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (=-officio member).
Gaylord TV. Newton, CNil Aeronautics Administration.
Lt. COLE. R. Page, Alr Corps, United States Army, Mat6riel

Division, Wright Field.
Prof. E. S. Taylor, Massachusetts Institute of Technology.

SUBCOkUtPPTEE ON AIRCRAFT FUELS AND LUBRICANTS

W. G. WhMman, Massachusetts Institute of Technology,
Chairman.

S. D. Heron, Ethyl Gasoiine Corporation, Vice Chairman.
Dr. D. P. Barnard, Standard Oil Co. of Indiana.
T. A. Boyd, General Motors Corporation.
H. K. Cummings, National Bureau of Standards.
Dr. G. H. B. Davis, Standard Oil Development Company.
Lt. Henry R. Dozier, United States Nav.
Dr. J. Bennett Hiil, Sun Oil Co.
S. Paul Johnston, National Advisory Committee for Aero-

nautics (~-officio member).
Robert V. Kerley, Mat4riei DivMon, Army Air Corps, Wright

Field.

Dr. George W. Lewis, National Advisory Committee for Aero-
nautics (eX-officio member).

Gaylord W. Newton, Civil Aeronautics Administration,
Addison M. Rothrock, National Advisory Committee for Aero-

nautics.

SPECIAL SUBCOMMITTEE ON SUPERCHARGER COMPRESSORS

Val Cronstedt, Pratt & WMtney Aircraft, Temporary
Chairman.

Rudolph Birmann, Turbo Engineering Corporation.
R. S. Buck, Pratt & Whitney AircrafL
Kenneth Campbeli, Wright Aeronautical Corporation.
Opie Ohenoweth, Army Air Corps, Mat6riel Division, Wright

Field.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-officio member).
A. J. Larrecq, Aiiison Engi~eering Company.
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (~-officio member).
Oscar W. Schey, National Advisory Committee for Aero-

nautics.
Chester Smith, General Electric Co.
Lt. Comdr. S. B. Spangler, United States Navy.

SPECL4LSUBCOMMITTEEON EXHAUSTGASTURBINESAlIll
lNTERCOOLERS

Opie Chenoweth, Mat4riel Division, Army Air Corps, Wright
Field, Chairman.

A. L. Berger, Mat6riel Division, Army Air Corps, Wright Field.
Rudolph Birmann, Turbo Engineering Corporation.
K. A. Browne, Wright Aeronautical Corporation.
S. Paui Johnston, National Advisory Committee for Aero-

nautics (ex-officio member).
John G. Lee, United Aircraft Corporation.
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (eX-officio member).
Charles Morris, General Electric Co.
Lt. C. J. Pfigstag, United States Navy.
Benjamin Pinkel, National Advisory Committee for Aero-

nautics.
S. R. PutPer,General Electric Co.

SPECIAL SUBCOMMIT1’EE ON lNDUCTION-SYSTEM DE-ICING

Wiliiam C. Lawrence, American Airlines, Inc., Chnirnmn.
Dr. H. C. Dickinson, National Bureau of Standards.
Lt. Henry R. Dozier, United States Navy.
Robert E. Johnson, Wright Aeronautical Corporation,
S. Paul Johnston, National Advisory Committee for Aero-

nautics (ex-officio member).
Miiton J. Kittier, Honey Carburetor Co.
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (es-officio member).
Irving R. ~Metcaif, Civil Aeronautics Administration.
Frank C. Mock, Stromberg Carburetor Division, Bendix Avia-

tion Corporation.
Gaylord W. Newton, Civil Aeronautics Administration.
Victor Skoglund, Pratt & Whitney Aircraft.
Maj. D. W. Watkins, Alr Corps, United States Army.
A. W. Young, National Advisory Committee for Aeronautics

COMMI!t@E ON AIRCRAFT MATERIALS

Dr. Lyman J. Briggs, Chairman.
Prof. H. L. Whittemore, National Bureau of Standards, ViCO

Chairman.
S. K. Colby, Aluminum Co. of America.
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Edgar H. Dix, Jr., American Magnesium Corporation.
John Easton, Civil Aeronautics Administration.
Warren III.Emley, National Bureau of Standards.
captain Garland Fulton, United States Navy.
Jack T. Gray, Civil Aeronautics Administration.
Charles H. Helms, National Advisory Committee for Aero-

nautics.
J, B. Johnson, Mnti%iel Division, Army Air Corps, Wright.

I!’ield.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-officio member).
Maj. Paul H. Kemmer, Air Corps, United States Army, Mat4-

riel Division, Wright Field.
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-officio member).
H, S. Rawdon, National Bureau of Standards.
John W. Sands, International Nickel Co.
Ill. C. Smith, Republic Steel Corporation.
Lieutenant Commander James E. Sullivan, United States

Naval Reserve.
Paul l?. Voig~ Jr., Carnegie-Illinois Steei Corporation.
Dr. Edward Warner.

SUBCOMMITTEEON METALSUSEDIN AIRCRAIW

H. S. Rawdon, National Bureau of Standards, Chairman.
Allen W. Dallas, Civil Aeronautics Administration.
E. H. Dix, Jr., American Magnesium Corporation.
Capt. Garland Fnlton, United States Navy.
J. B. Johnson, Mat6riel Division, Army Air Corps, Wright

Field.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-05cio member).
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-officio member).
11. C. Smith, Republic Steel Corporation.
Paul 1?. Voigt, Jr., Carnegie-Illinois Steel Corporation.
Prof. H. L. Whittemore, National Bureau of Stundards.
A. W. Winston, Dow Chemical Co.

SUBCOMMITTEEON MISCELLANEOUSMATERIALSAND
ACCESSORIES

Warren E. Emley, National Burwu of Standards, Chairman.
Charles J. Cleary, Mat4riel Dhision, Army Air Corps, Wright

Field.
Allen W. Dallas, Civil Aeronautics Administration.
Charles H. Helms, National Advisory Committee for Aero-

nautics.
E, l?. Hickson, National Bureau of Standards.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-officio member).
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-officio member).
Lt. Comdr. James El. Sullivan, United States Naval Reserve.
George W. Trayer, Forest Service, Department of Agriculture.

COMMITTEE ON AIRCRAFT STRUCTURES

Dr. Lyman J. Briggs, Chairman.
John Easton, Civil Aeronautics Adminktration.
Lt. Comdr. Robert S. Hatcher, United States Navy.
S. Paul Johnston, National Advisory Committee for Aeronau-

tics (ex-officio member).
Maj. Paul H. Kemmer, Air Corps, United States Army, Mat6-

riel Division, Wright Field.
Dr. George W. Lewis, National Advisory Committee for Aer~

nautics (ex-officio member).

Eugene E. Lundquist, National Advisory Committee for Aero-
nautics.

Capt. Charles K. Moore, Air Corps, United States Army,
Matdriel Division, Wright l?ield.

Dr. Walter Ramberg, National Bureau of Standards.
Richard V. Rhode, National Advisory Committee for

nautics.
Lt. Albert B. Stoles, United States Navy.
Edward I. Ryder, Civil Aeronautics Administration.
Dr. L. B. Tuckerman, National Bureau of Standards.
Dr. Edward Warner.

Aero-

SPECIAL SUBCOMMITTEE TO MAKE SURVEY OF TECHNIQUE AN)
EQUIPMENT FOR ELASTIC EXAMINATION OF LARGE AIRCBAF1’
STRUCTURES IN LIEU OF DESTRUCTION TESTS

Rkhard V. Rhode, National Advisory Committee for Aero-
nautics, Chairman.

Lt. Comdr. Robert S. Hatcher, United States Navy.
S. Paul Johnston, National Advisory Committee for Aero-

nautics (ex-officio member).
Maj. Paul H. Kemmer, Alr Corps, United States Army, Matd-

riel Division, Wright Field.
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-officio member).
Irving R. Metcalf, Civil Aeronautics Administration.
Lt. Albert B. Stoles, United States Navy.
It. L. Templin, Aluminum Co. of America.
Dr. L. B. Tuckerman, National Bureau of Standards.

SPECIAL SUBCOMMITTEE TO DIRECT BESEARCH IN APPLIED
STRUCTURES

Lk Comdr. Robert S. Hateher, United States Navy, Chairman.
S. Paul Johnston, National Advisory Committee for Aero-

nautics (ex-officio member).
Maj. Paul H. Kemmer, Air Corps, United States Army, Mat&

riel Division, Wright Field.
Dr. George W. Lewis, National Advisory Committee for Aero-

nautics (ex-officio member).
Eugene E. Lundquist, National Advisory Committee for Aero-

nautics.
Edward I. Ryder, Civil Aeronautics Administration.
Dr. L. B. Tuckerman, National Bureau of Standards.

COMMITTEE ON AIRCRAFT ACCIDENTS

Dr. Edward Warner, Chairman.
Lt. Comdr. ~illiam A. Evans, Jr., United States Navy.
Maj. Barney M Giles,Air Corps,United StatesArmy.
S. Paul Johnston, National Advisory Committee for Aero-

nautics (ex-officio member).
J. W. Lankford, Civil AeronauticsBoard.
Dr. George W. Lewis, National Advisory Committeefor Aero-

nautics (ex-officio member).
Commander A. E. Montgomery, United States Navy.
Maj. Charles W. Sullivan, Air Corps, United States Army.
Grove Webster, Civil Aeronautics Administration.

COMMITTEE ON AERONAUTICAL INVENTIONS AND
DESIGNS

Dr. Lyman J. Briggs, Chairman.
Maj. Gen. George H. Brett, Alr Corps, United States Army.
Dr. Jerome C. Hunsaker.
CapL Sydney M. Kraus, United States Navy.
John F. Victory, Secretary.
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COMIWITEE ON PERSONNEL, BUILDINGS, AND
EQUIPMENT

Dr. Vannevar Bush, Chairman.
Dr. Charles G. Abbot.
Dr. George J. Mead.
John l?. Victory, Secretary.

SPECIAL COMMITTEE ON SITE FOR AIRCRAFT
ENGINE-RESEARCH LABORATORY

During the past year, a Special Committee on Site,
with the following membership, was ‘appotited to de-
termine the location best suited to the needs of the pro-
posed new aircraft engine-research laboratory:

Dr. Vannevar Bush, Ghairm’an.
Maj. Gen. George H. Brett, Alr Gorps, United States Army.
Dr. Lyman J. Brigge.
Capt. Sydney M Kraus, United States Navy.

TECHNICAL PUBLICATIONS OF THE COMMITTEE

The Committee has four series of publications,
n:lmely, technical reports, technical notes, technical
memorandums, and aircraft circulars.

The technical reports present the results of funda-
mental research in aeronautics. The technical notes are
mimeographed and present the redts of short research
investigations and the results of studies of spec~c de-
tiailed problems which form parts of long investigations.
The technical memorandums are mimeographed and
contain translations and reproductions of important
foreign aeronautical articles. The aircraft circulars are
mimeographed and contain descriptions of new types
of forei=m aircraft. No aircraft circulars were issued
during the past year.

Because of the present national emergency, and at
the request of the Army and the hTavy, the technical
reports and technical notes of the Committee were
on June 1, 1940, placed in a restricted status, and as
such are not available for general distribution.

The following are lists of the publications released
during the past year:

TECHNICAL REPORTS

No.
6S1. The Unsteady Lift of a Wing of Finite Aspect Ratio. BY

Robert T. Jones.
6S2. Flame Speeds and Energy Considerations for Explosions in

a Spherical Bomb. By Ernest F. Fiock, Charles F. Mnr-
vin, Jr., Frank R. Caldwell, and Carl H. Roeder.

6S6. Stab~lty of Casteriug Wheels for Aircraft Landing Gears.
By Arthur Kantrowitz.

TECHNICAL NOTES

‘731. Tests in the Gust Tunnel of a Model of the XBM-1 Airplane.
By Philip Donely and C. C. Shufflebarger.

732. A Simple Method of Obtaining Span Load Dk+tributions.
By Albert Sherman.

733. Experimental Study of Torsional Column Failure. BY Al-
fred S. Niles..

KM.Pressure-Distribution Investigation of an N. A. C. A. 0009
Airfoil with a 50-Percent-Chord Plain Flap and Three
Tabs. By William G. Street and Milton B. Ames, Jr.

K%. Pressure-Distribution Measurements on a Tapered Wing
with a Partial-Span Split Flap in Curved Flight. By
Th. Troller and l?. Rokus.

736. Tidewater and Weather-Exposure Tests on Metals Used in
Aircraft. By Willard Mutchler and W. G. Gnlvin.

737. Photoelastie Analysis of Three-Dimensional Stress Systems
Using Scattered Light. By R. Weller and J. K. Bussey.

73S. Corrugated Metal Diaphragms for Aircraft Pressure-Mene-
uring Instruments. By W. A. Wildhack and V. H. Goerke.

~39. A Recurrence Formula for Shear-Lag Problems. By Paul
Kuhn.

740. Stress Concentration Around an Open Circular Hole in a
Plate Subjected to Bending Normal to the Plane of the
Plate. By C. Dnmont.

741. Observations in Flight of the Region of Stalled Flow over
the Blades of an Autogiro Rotor. By F. J. Bailey, Jr., and
l?. B. Gustafson.

742. Pressure-Distribution Measurements on a Rectangular Wiug
with a Partial-Span Split Flap in Curved Flight. By
Frank G. Rokus.

743. Local Instability of Columns with I-, Z-, Channel, and Rec-
tangnlar-Tnbe Sections.’ By Elbridge Z. Stowell and
Eugene E. LundquisL

744. The Development of Electrical Strain Gages. 13Y A. V.
de Forest and H. Leaderman.

745. Tests of a Gust-AI1eviating FIap in the Gust Tunnel. By
Philip Donely and C. C. Shufflebarger.

746. The Frequencies of Cantilever Wings in Beam and Tor-
sional Vibrations. By C. P. Burgess.

747. Propeller Rotation Noise Due to Torque and Thrust. By
Arthur 1’. Deming.

74S. Principles, Practice, and Progress of Noise Reduction in
Airplanes. By Albert London.

749. A New Method of Studying the Flow of the Water Along
the Bottom of a Model of a Flying-Boat Hull. By Ken-
neth E. Ward.

75o. A Generalized Vortex Theory of the Screw Propeller and Its
Application. By Hans Reissner.

751. Damping Formulas and Experimental Values of Damping
in Flutter Models. By Robert P. Coleman.

752. An Investigation of Sheet-Stiffener Panels Subjected to
Compression Loads with Particular Reference to Tor-
sionally Weak Stiieners. BY Louis G. Dunn.

753. Measurement of the Forces Acting on Gliders in Towed
Fhght. By W. B. Klemperer.

754. An Investigation of the Prevention of Ice on the Airplane
Windshield. BY Lewis A. Rodert.

755. Wind-Tunnel Investigation of an N. A. C. A. 23030 Airfoil
with Various Arrangements of Slotted Flaps. BY I. G.
Recant.

756. The Effect of Piston-Head Shape, Cylinder-Head Shape, and
Exhaust Restriction, on the Performance of a Piston-
Ported Two-Stroke Cylinder. By A. R. Rogowski, G. L.
Bouchard, and C. Fayette Taylor.

757. A Study of Unsymmetrical-Loading Conditions. BY Henry
A. Pearson.

758. Measurements and Analysis of the Motion of a Canard Air-
plane Model in Gusts. By Philip Donely, Harold B.
Pierce, and Philip W. Pepoon.

759. Pressure-Distribution Investigation of a N. A. 0. A. 0009
Airfoil with a 30-Percent-Chord Plain Flap and Three
Tabs. By Milton B. Ames, Jr., and Richard I. Sears.
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760. A Full-Scale Investigation of the Effect of Several Factors
on the Shimmy of Castering Wheels. By Walter B.
Howard, Jr.

761. Pressure-Distribution Investigation of an N. A. C. A. 0009
Airfoil with an So-Percent-Chord Plain Flap and Three
Tabs. By Milton B. Ames, Jr., an’d Richard I. Sears.

762. The Flow of a Compressible Fluid Pasta Sphere. By Carl
Kaplan.

763. Wind-Tunnel Investigation of 12woAirfoils with 25-Percent-
Chord Gwinn an?i Plain Flaps. By Milton B. Ames, Jr.

TECHNICAL MEMORANDUMS

912. Increase of the Specific Load Under Tension, Compression,
and Buckling of Welded Steel Tubes in Airplane Con-
struction by Snitable Treatment of Structural Steel and
by Proper Design. By J. Miiller. Ij’rom Luftfahrtfor-
schung, Vol. 16, No. 1, January 10, 1939.

913. Measurement of the True Dynamic and Static Pressures in
Flight. BY Georg KieL From Luftfahrtforschung, Vol.
15, No. 12, December 10, 1938.

!)14. Engine Knock and Combustion Chamber Form. By Karl
Zinner. From Automobiltechnische Z+itsehrift, Vol. 42,
No. 9, May 15, 1939.

915. IOxperimental and Analytical Investigation of a Monocoque
Wing Model Loaded in Bending. By E. Schapitz, H.
Feller, and H. Keller. From Luftfahrtforschung, Vol. 15,
No. 12, December 10, 1938.

916. Activation of Hydrocarbons and the Octane Number. By
Marcel Peschard. From Publications Scientidques et
Techniques du Ministere de l’Air, No. 132, 1938.

917. The Effect of Compressibility on the Pressure Reading of
a Prandtl Pitot Tube at Subsonic Flow Velocity. By ().
Walchner. I?rom Deutche Luftfahrtforschnng Jahrbuch,
1938.

918. The Enlarged N. A. CLA. Tank, and Some of Its Work.
By Starr Truscott. From supplementary volume to
Jahrbuch 1938 der deutschen Luftfahrtforschung. (Con-
taining papers presented at LRienthal Gesellschaft fiir
Luftfahrtforschung, Oct. 1938.)

919. Report on Ice Formation on Aircraft. By the French Com-
mittee for the Study of Ice Formation, May 19, 1938.
From Bulletin des Services Techniques No. &5, Publica-
tions Scientifiques et Techniques du Ministere de l’Air.

920. The Effect of the Slipstream on an Airplane Wing. By A.
Franke and Ii’. Weinig. From Luftfahrtforschung, VO1.
15, No. 6, June 6, 1938.

921, Contribution to the Aerodynamics of Rotating-M%g Air-
craft. By G. Sissingh. From Luftfahrtforschung, Vol.
15, No. 6, June 6, 1938.

822. The Breda Wind Tunnel. By Mario Pittoni. From Auto
Moto Avio, No. 5, March 1939.

923. Measnrernent of the Air-l’low Velocity in the Cylinder of an
Airplane Engine. By Hermann Wenger= From Luft-
fahrtforschung, Vol. 16, No. 2, February 20, 1939.

924. Modern Methods of Fuel Testing. By E. Seeber. From
Luftfahrtforschung, Vol. 16, No. 8, August 20, 1939.

925. Effect of Wing Loading, Aspect Ratio, and Span LoadLug on
Flight Performances. By B. G6thert. From Luftfahrt-
forschung, Vol. 16, No. 5, May 20, 1939.

926, DFS Dive-Control Brakes for Gliders and A@lanes. By
Hans Jacobs and Adolf Wanner; and Analytical Study of
the Drag of the DFS Dive-Control Brake. By Adolf
Wanner. From Jahrbuch 1938 der deutschen Lufffahrt-
forschung; Luf twissen, Vol. 4, No. 7, July 1937; and Luft-
wissen, Vol. 6, No. 5, May 1939.

927. Constant-Pressure Blowers. By E. Stjrensen. From zeit-

schrift des Vereines deutscher Ingenieure, Vol. 83, No. 32,
August 1.2,1939.

928. Knocking in an Internal-Combustion Engine. By A. Sok@
Iik and A. Voinov. From Technical Physics of the
U. S. S. R., Vol. 3, No. 9, 1936.

929. Aerodynamics of Rotating-Wing Aircraft with Blade-Pitch
Control. By A. Pfluger. From Luftfahrtforstiung, VOL
16, No. 7, JUIY 20, 1939.

930. Experimental Contribution to the Study of Combustion in
Compression-Ignition Engines. By R. Duchene. From
Publications Scientiliques et Techniques du Ministere de
I’Air, No. 149, 1939.

931. Testing of High-Octane Fuels in the Single-Cylinder Air-
plane Engine. By Fritz Seeber. From Ltitfahrtfor-
schung, Vol. 16, No. 1, January 10, 1939.

932. Theoretical and Experimental Investigations of the Drag
of Insmed Aircraft Radiators. BY W. Barth. From
Proceedings of the Fifth International Congress for Ap-
plied Mechanics, Cambridge, Mass., September 12-16,1938.

933. The Strength of Shell and Tubular Spar Wbgs. By H. Eb-
ner. From Luftfahrfforschung, Vol. 14, Nos. 4 and 5,
April 20, 1937.

934. Application of the Methods of Gas Dynamics to Water Flows
with Free Surface. Part I. Flows with No Energy Dissi-
pation. BY Ernst Preiswerk. From Institut fur Aero-
dynamic, Eiitgen6ssiche Technische Hochschule, Zurich,
No. 7, 1938.

335. Application of the Methods of Gas Dynamics to Water Flows
with Free Surface. Part II. Flows with Momentum Dis-
Continuities (Hydraulic Jumps). By Ernst Prei~werk.
From Institut f iir Aerodynamic, Eidgen6ssiche Tech-
nische Hochschule, Zurich, No. 7, 1938.

336. Measurement of Knock Characteristics in Spark-Ignition
Engines. By R. Schiitz. From Automobiltechnische
Zeitschrift, Vol. 42, No. 13, July 10, 1939.

137. Stresses in Single-Spar Wing Constructions with Incom-
pletely Built-Up Ribs. By F. Reinitzhuber. From Luft-
fahrtforschung, Vol. 16, No. 7, July 20, 1939.

138. The Shock-Absorbing System of the Airplane Landing Gear.
By Pietro Callerio. From L’Aeroteenica, Vol. 19, No. 6,
June 1939.

139. The Torsion of Box Beams with One Side Lacking. By D.
Cambilargiu. From Luftfahrtforschung, Vol. 16, No. ~
August 20, 1939.

)40. The Lead Susceptibility of Fuels and Its Dependence on the
Chemical Composition. By O. VVidmaier. From Auto-
mobiltechnische Zeitschrift, Vol. 43, No. 3, February 10,
1640.

ML Some Data on the Static Longitudinal Stabili@ and Control
of Airplanes (Design of Control Surfaces). By A. Mar-
tiIIOVand E. KOIOSOV.From Central Aero-Hydrodynami-
cal Institute, Moscow, 1936. Report No. 278.

142. On the Theory of Unsteady Planing and the Motion of a
Wing with Vortex Separation. By L. Sedov. From Cen-
tral Aero-Hydrodynamical Institute, Moscow, 1936. Re-
port No. 252.

}43. Tests of Lead-Bronze Bearings in tie DVL Bearing-Testing
Machine. BY G. Fischer. From Luftfahrtforschung,
Vol. 16, No 7, July 20, 1939.

944. Italian High-Speed Airplane Engines. By C. F. Bona.
(Paper presented at Volta meeting in Italy, Sept. 30, to
Oct. 6, 1935.)

345. Experiments on Ball and Roller Bearings under Conditions
Of High Speed and Small Oil Supply. By Giinter Ge&laff.
From Jahrbuch 1938 der deutschen Luftfnhrrforschung.
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946. Esrerimental Results with Airfoiis Tested in the High-
Speed Tunuel at Guidonia. By Antonio Ferri. From
Atti dl Guidonia, No. 17, September 20, 1939.

947. A’emEquipment for Testing the l?atique Strength of Riveted
and Welded Joints. By W. Muiier. Nrom special reprint
of Schweizer ArcMv, No. 10, 1937.

94S. A Sinlple Approximation Method for Obtaining the Spamvise
Lift Distribution. By O. Schrenk. From Luftwissen,
Vol. 7, No. ~ April 1640.

949. The Maximum Delivery Pressure of SingI+Stage Radial
Superchargers for Aircraft Engines. .By W. von der Nnii.
From Luftwissen, Vol. 7, No. 5, May 1940.

950. Bucldiug Teds with a Spar-Rib Grill. By Josrf Weinhold.
From Luftfahrtforschung, Vol. 17, No. 3, March 20, 1940.

951. Variation in Velocity Profile with Change in Surface Rough-
ness of Boundary. By W. Jacobs. From Zeitsehrift f iir
angewandte Mathematik und hf~chanili, VOL 19, No, 2,
April 1939.

952. Standards for Discharge Measurement with Standardized
Nozzles and Orifices. German Industrial Standard 1952!.
Fourth edMion. From VDI-Verlag G. m. b. H., Beriin,
1937.

953. Presure and Temperature Measurement in Supercharger
Investigations. By A. Franz. From Jahrbuch 193S der
deutschen Luftfahrtforschung.

954. Limits of SingleStage Compression in Centitfugal Super-
chargers for Aircraft. By K. Kolhnann. From Luftwis-
sen, Vol. 7, No. 3, March 1940.

FINANCIAL REPORT

APPROPRIATIONSFOR FISCALYEAR 1940

The general appropriation for the National Advisory
Committee for Aeronautics for the fiscal year 1940, as
contained in the Independent Offices Appropriation Act
approved March 16, 1939, was $1,71’7,000. A supple-

mental appropriation of $S!23,980 was made available
in the Second Deficiency Appropriation Act, fiscal year
1939, approved May 2,1939, for the same purposes speci-
fied in the Committee’s re~ar appropriation act for
1939, to continue available -until June 30, 1940. The

amount expended during fiscal year 1939 from this fund
was $29,434, leaving a balance of $194,546 available for

expenditure during fical year 1940. An additional
amount of $109,020 was made available in the Third
Deficiency Appropriation Act, fiscal year 1939, ap-
proved August 9, 1939, for the same purposes specified

in the Committee’s regular appropriation act for 1940.
The total amount available for general purposes during
the fiscal year 1940, therefore, wm.s $2,020,566. The
amount expended during 1940 was $2,020,557, itemized
as follows:

Personal servic*_________________________________$1,3SS,881
Suppliesand mater~aE____________________________ 134,1s4
Communication service-_--__---_--____ --____-__— 4,999
Travel &xpellsm____________________________–_____ 19,925
Transportationof things-------------------------- 3,463
Fnrnisbiig of electricity __________________________ 54,001
Repairs and alterations __________________________ 22,730
Special and miscellaneous tivwtigations ___________ 70,000
Contracts for rSeard ____________________________ 25,000

COMMITTEE FOR AERONAWtTOS

Equipment___________________________________ $297,374

Expended and obligated -------------------- 2,020,557
Unexpended balance ------------------------------ 9

Total, general appropriation ---------------- 2,020, 5@3

The appropriation for printing and binding for 1940
was $23,000, of which $22,991 was expended.

The Independent offices Appropriation Act approved
March 16, 1939, also provided $340,000 for the comple-
tion at Langley Field of the two-dimensional wind
tunnel for which an initial appropriation of $200,000
was provided in the 1939 act, and $100)000 for modern-

ization of the free-spinning tunnel. The total amount,
$440,000, was obligated during the fiscal year 1940 for
the purposes specified.

The Second Deficiency Appropriation Act approved
May 2, 1939, also provided $2,140,000 for the construc-
tion and equipment of additional facilities at Langley
Field, ~a., including connections to public utilities, and
rights-of -way for, and installation of power lines, this
amount to remain available until expended. No obli-
gations were placed under this fund during the fiscal
year 1939. During the fiscal year 1940, the amount of
$1,7’76,053 was obligated under this fund.

The Third Deficiency Appropriation Act approved
August 9, 1939, also provided $1,890,980 for beginning
construction of an additional research laboratory and
authorized the Committee to enter into contracts for
construction and equipment, including the purchase of
land, not to exceed a total of $10,000,000. Moffett Field,
Calif., was selected as the site of this additional labora-
tory, which is known as the Ames Aeronautical
Laboratory, and the amount of $2,601,156 was obligated
during 1940 for construction and equipment.

The amount of $37,089 was received during the fiscal
year 1940 and credited to eleven special deposit accounts
to cover the cost of scientific investigations for aircraft
manufacturers. Nine investigations were completed
during 1940, resulting in the deposit in the Treasury
of $23,466 to the credit of miscellaneous receipts, as
proceeds, and the return of unexpended balances total-
ing $3,724 to depositors.

An allotment of $250 fias received from the State
Department for payments during the fiscal year 1940
to employees stationed abroad, on account of exchange
losses due to appreciation of foreign currencies. Of
this amount $145 was paid during the fiscal year 1940
to employees of the Committee stationed in the Paris
oiiice, leaving a balance of $105 which was turned bacli
into the Treasury.

APPROPRIATIONSFORFISCALYEAR1941

The general appropriation for the fiscal year 1941,
as contained in the kdependent Offices Appropriation
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Act approved April 18, 1940, was $2,775,000, and the

amount provided for printing and binding was $25,000.

This act also provided $1,000,000 for construction and

equipment of additional facilities at Langley I?ield, Va.j

and $4)200,000 for continuing construction and ec@p-

ment of the new Ames Aeronautical Laboratory at

lloffett I?ield, Calif. The total amount provided for

the Committee in this act therefore was $8,000,000.

The l?irst Supplemental National Defense” Appro-

priation Act, 1941, approved June 26, 1940, provided

$2,000,000 for construction and equipment of an air-

plane engine-research laboratory, including acquisition

of land at a site to be selected by the Committee, rights-

of-way, and connections to public utilities, installation

of power lines, etc., and authorized entering into con-

tracts not to exceed a total cost of $8,400,000. This act

also provided $1,200,000 for construction and equipment

of a generating power plant at Langley Field, Va. No

obligations were placed under these funds during the

fiscal year 1940.

CONCLUSION

Scientific research is the most fundamental activity
of the Government in connection with the development
of America’s potential strength in the air. No matter
how greatly production facilities may be increased, no
matter how many pilots may be trained, unless the air-
craft that are built for action are at least equal in per-
formance to those of any possible enemy, the whole
effort will be largely wasted.

It is the responsibility of the National Advisory Com-
mittee for Aeronautics to anticipate the research needs
of aviation, and the progress that can be made, and to
provide the Army, the Navy, and the industry in t~e
United States with a constant flow of the new kmo-wl-
eclge that is essential to American leadership in aircraft
performance.
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With the continued farsighted support of the Presi-
dent and of the Congresx+ the Committee’s research
facilities, as yet concentrated chiefly at Langley Field,
Vs., are being greatly strengthened by the construction
of the Ames Aeronautical Laboratory for aerodynamic
research at Moffett Field, Calif., and of an aircraft
enatie-research laboratory at Cleveland, Ohio. The
former is still largely in the construction stage, and
the building of the latter has hardly begun. AS
these additional facilities are urgently needed, construc-
tion is being pushed with all possible vigor. When
these facilities come into full operation, the country
will have much better assurance that America will be
able to keep in advance of the technical develop-
ments in aeronautics in other countries.

In tle scientfic study of the problems of flight, the
talent of America has been marshaled through the
technical subcommittees and through the stimulation
and coordination of research in scientific and educa-
tional institutions. Progress in military and naval
aviation will find reflection in improved performance,
efficiency, and safety of civil and commercial aviation.
The Committee believes that commercial aviation will
prove of ever-increasing importance to the United
States in promoting international trade and good will,
especially in the Western Hemisphere. When the
present wars have ended, aviation will have an oppor-
tunity to prove its real value to civilization in shorten-
ing the distances between nations and in facilitating
international trade and commerce. When that day
comes, the extension of world trade routes of the air
will bring some compensation for the awful destruc-
tion -wrought and to be wrought by military aviation
before peace again prevails.

Respectfully submitted.
NAmONAL AmmoRY coimarrm
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