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Letter of Transmittal

To the Congress of the United Statea:

In compliance with the provisions of the act of March 3, 1915,
as amended, estabH&ing the National Advisory Committee for Aero-
nautics, I transmit herewith the Thirty-sixth Annual Report of the
Committee covering the fiecal year 1950.

H-Y S. TRmAN.

THE lYHITE HOUSE:
JAN-WRY 22, 195L
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Letter of SubmittaI
~ATIOXAL AIIITSORY commrrEE FOR JkERONAUTKkS

11’cwhington,D. C., Nowmber 13,1950.

DEAR MR. PIMSIDENT: In conqdkmce with the act of Congress ap-
proved March 3,1915, as amended (U. S. C. 1946, title 50, sec. 153),
I have the honor to submit herewith the Thirty-sixth Annual Report
of the hTational Advisory Committee for Aeronautics cowr~~ the
fiscal year 1950.

The Committee’s research programs during tk past year were cli-
rected primarily to the acquidion of scientific data to enable the
United States to accelerate esploitition of the possibilities of super-
sonic flight, and to extend generally the frontiers of aeronautical
knowledge. superior air power in possession of the United States
is probably the most effective deterrent to widespread aggression.

ItespectfullY submitted.

JEROKEC!. HUNSA-,
Chairman.

T= PRESIDENT>
The White House, ‘Wa8hz’ngfon,D. 0.
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THIRTY-SIXTH ANNUAL
OF THE

NATIONAL ADVISORY COMMITTEE

REPORT

FOR AERONAUTICS

WAS=XGTON,D. C., Oct&r 29,1950.

2’0 the Congrew of the V7iited States:

In accordance with the act of Congress, approved
3fmch 3, 1915 (IJ. S. C. title 50, sec. 151), which es-
tablished the National Advisory Committee for Aer-
onautics, the Committee submits its thirty-sixth annwd
report for tie fiscal year 1950.

For the third time in its history the Committee is
conducting its program of scientific research in an at-
mosphere of world crisis. When the NACA was ee-
tabIished in 1915, the airplane had just begun to be
recognized as a military instrument. In ‘World War
II, the airplane was used so effectively as to alter previ-
ous concepts of warfare, and to demonstrate the neces-
sity for supremacy in the air.

There is no more effective deterrent to widespread
ag=greesion than superior air power in being. The
United States is spending billions to strengthen its air
power. It is mandatory that the aircraft procured be
superior in performance and military effectiveness. To
do otherwise would not provide the maximum national
security for the, large sums of public funds expended.
The qualitative superiority of our air ~eapons is de-
pendent upon the degree to which we exploit scientific
and technological talent. Here the United States has
no monopoly.

In manpower and money, the research and develop-
ment necessary to insure maximum performance is
small relative to the total tiort. We are in a sustained
international contest with stakes so great vie dare not
lose.

The world no-w has the means and the incentive for
supersonic flight. The challenge to kaerican science
and industry is to maintain our present lead in this race.
We can succeed onIy by the vigorous prosecution of re-
search on the critical problems requiring solution be-
fore we can exploit the military advantages of super-
sonic speed.

The immediate need is for reliable information con-
cerning aerodynmnic forces in the transonic range,
where the laws governing subsonic and supersonic speed
interplay in a manner now imperfectly understood. In
our high-speed research airplane program, the military

servic~=, the aircraft industry, and the Committeez par-
ticipating as a development team, are making substan-
tive progres.

Research suggests that further investigation of cer-
tain basic problems should give opportunities to im-
prove both airplanes and missiles operating in all speed
ranges. These probknm Iie in the folds of aerodynamic
efdciency, stability, control, maneuvera.bility~ aeroelas-
ticity, aerodpamic heating, and many others. For ex-
ample, in the field of stability and control is the problem
of matching the dynamics of the airplane with the
capacities of human and automatic pilots: and of match-
ing the aerodpamic characteristics of missiles with
those of automatic control and guidance systems. Much
precise information of this kind is required for new
designs.

The speed, range, and load-carrying capacity of both
military and civil aircraft are closely dependent upon
the performance of the propulsion system. The
achievement of practical supersonic fight is made pos-
sible by the postwar revolution in aircraft power plants
based on jet propulsion. The new power plants require
great improvement to reaIize the aircraft performance
now aerodynamically possible. Vigorous research is
neceesmy to improve fuel economy, reduce specitic
weight and critical materiaI content, improve ignition
and combustion at high altitude and low temperatures,
increase operating temperatures, and improve auto-
matic controIs and augmentation on all types of power
plants.

Construction problems now being studied include
aeroelasticity, aerodynamic and impact loads, struc-
tural efficiency, vibration and flutter, and new mate-
rials. Operational problems such as prevention of ice
formation, fire prevention, effects of atmospheric tur-
bulence, and means for emergency escape from high-
speed aircraft, are under active investigation, as are
problems peculiar to rotary-wing aircraft and to sea-
planes.

Research to improve military aircraft is ultimately
applied to civil aviation when proved to be thoroughly
practical by experience, but there are differences in em-
phasis, because safety, comfort, and economy are rela-
t$rely more important in civil airplanes. Special
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research is required on these subjects Investigations
are also in progrees seeking to improve the safety and
utility of light airplanes, such as might be privately
owned and operated.

During World War II, the Committee curtailed its
programs of basic research in order to concentrate on
applying available scientific knowledge to the immedia-
te improvement of aircraft scheduled for war produc-
tion. This course was mandatory in view of the lim-
ited manpower and research facilities then available,
but it was at the expense of the advancement of knowl-
edge of the scientific probkms of flight. Although some
adjustment is required in the event of emergencies, it
must not occur again to the degree effected during
World War II. To do so will undermine the research
foundation upon which our future development pro-
gram must be built. This is of even greater import-
ance today than in prior years due to the decreased
flow of fundamental research from European scientists
and laboratories, and the probable extended prolonga-
tion of international tensions,

To make large supersonic wind tunnels available for
the development problems of the aircraft industry, a
Unitary Wind Tunnel Plan was jointly drafted in
1946 by the military services and the Committee. This
plan was designed to provide adequate postwar facili-
ties, to eliminate duplication of effort, and to keep down
over-ail cost. In 1949, the plan was authorized by law,
and in 1950 funds were appropriated for construction
of some of the wind tunnels authorized. An impor-
tant part of the plan, not yet implemented, is the Uni-
versity Wind Tunnel Proamarn which is designed to
insure a continuing supply of young men competent to
participate in research programs utilizing facilities of
the Committee, of industry, and of other laboratories.

Interisive cultivation of some areas of research has
continued to yield specfic data of immediute help to
designers. Frontiers of knowledge h~ve been advanced
in other areas by exploratory research potentially
important to future air operations, civil and milittiry.

In general, difficuh research problems are attacked
from seyeral sides. Wind tunnel experiments, power
plant tests, mathematical-physical analyses, f’iight re-
search and sometimes unpredictable inventions may all
be applied to a single problem. SUch a problem may
arise from current operational experience or it may
stand as a bar to desired progress toward better per-
formance. Often the real technical problem is so dindy
perceived as to require exploratory research for its chm
formulation before a definite program of investigation
and experiment can be planned with any hope of useful
results.

Effecti~’e discharge of the Committee’s statut,ury re-
sponsibility “to supervise and direct the scientific study
of the problems of flight with a view to their practica~
solution” is dependent on some seven thousand men and
women who comprise the Civil Service staff of our lab-
oratories. The year’s -work has gone well because the
Committee has had their effective support of its policies
and directives. The Committee takes satisfaction from
this continued evidence of good leadership and high
morale. _.

Parts I, II, and 111 of this annual reporl present a
r6sum6 of the scientific activities of the Committee, a
description of the Conlmittee’s organization and mem-
bership, and the financial report for the fiscal year 1950.

Respectfully submitted.

JEROMEC. EIUNSAKRR,
Chairman.



Part I—TECHATICAL ACTIVITIES

RESEARCH ORGAIWZATION AND PROCEDURES

COMMITTEE LABORATORIES

Research of the Natiomd Advisory Committee for

Aeronautics is conducted largely at its three labora-
torie*Langley Aeronautical Laboratory, Langley
Field, Va.; Ames Aeronautical Laboratory, fifoffett
Field, Calif; and Lewis Flight Propulsion Laboratory,
Cle~eland, Ohio. A subsidiary station is located at
‘iVallops Island, Vs., as a branch of the Langley Labo-
ratory for conducting research on models in flight in
the transonic and supersonic speed ranges. At Muroc
Lake, Calif., is located the NAC!A High-Speed Flight
Research Station for research on transonic and super-
sonic airplanes in tlight. The total number of em-
ployees, both technical and administrative, at these five
stations and headquarters in Washington was 7,286 at
the end of the f3sca1year 1950.

TECHNICAL COMMITTEES AND RESEARCH
COORDINATION

h carrying out its function of coordinating aeronau-

tical research the Committee is assisted by a group of
technical committees and subcommittees. The members
of these committees are chosen for their particular
knowledge in a specific fidd of aeronautics. They are
selected from other Government agencies concerned
with aviation including the Department of Defense,
from the aircraft and air transport industries, and from
scientific and educational institutions. These commit-
tees provide for the interchange of ideas and prevention
of research duplication except where parallel eflorts
are desired. There are four tecbnical committees under
the National Advisory Committee for Aeronautics:

1. Committee on Aerodynamics.
2. Committee on Power Plants for Aircraft.
3. Committee on Aircraft Construction.
4. Committee on Operating Problems.

Each committee is supported by three to eight technical
subcommittee-s.

In addition to the four technical committees, there
is an Industry Consulting Committee established to
assist the main Committee in formrdation of general
policy. Membership of this Committee as well as the
technical committees and subcommittees is listed in
Part II of thii report.

Research coordination is further effected through
discussions between Committee technical personnel and
the research staffs of the aviation industry> educational
and scientific organizations, and other aeronautical
agencies. The Research Coordination Office is assisted
by a flest coast. representative who maintains close con-
tact with the aeronautical research and engineering
staffs of that geographical area.

RESEARCH SPONSORED IN Scientific ANZl
EDUCATIONAL INSTITUTIONS

Since 1916 an important segment of the NACA _
research program has been the research projects that it
has sponsored outside its own facilities. The XACA
has continued to utiIize the vast research talents and
facilities of universities, other Government ressarch
agenciesj and various nonprofit scientific institutions to
tlnd solutions for aeronautical problems by sponsoring
research projects at th~ various organizations. By thus
using the reservoir of available specialized talent in
mathematics, physics, and engineering for research
on important aeronautical problems, it is possible
to complement the research carried on in NACA
laboratories. The NACA prefers to have interested
groups submit a proposal of their own choosing
for aeronautical research. Such a proposal is
thoroughly retievred by the NACA, and if the review
indicates that an original attack upon an important
problem is to be undertaken by competent personnel at
a reasonable cost to the Government, a research contract
may be negotiated. At the completion of a contract,
the contractor submits a report which, if suitable, is
reviewed and edited for publication and then given dis-
tribution to insure maximum usefdness and availabil-
ity of the information. Not only does this program
provide ad~tional research information but also it has
the desirable advantage of training university students
in practical research techniques.

During the fical year of 1950, the NACA has spon-
wred projects in many sections of the field of aero-
nautics. Theoretical and experimental investigations
of compressible flows at subsonic, transonic, supersonic,
and hypersonic velocities are being sponsored by the
~4CA together with projeots on helicopter research,
boundary-layer shock-wave interaction and other

.-
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boundary-layer flow investigations, the nature of pure
turbulence, and research techniques in low-density
flows, The investigation of the thermal and physical
properties of gases over a wid~ range of pressures and
temperatures is continuing, as are the investigations of
personal-aircraft operations, the projects on heat
transfer, and the investigations of icing-rate meters
and strain gages for aerodynamic research. Many
structural problems such as column buclding, design of
pressurized cabins, theoretica~ solution of stress in
rectangular plates, biaxial stresses in aluminum alloys,
the effect of concentrated mass on the flutter character-
istics of an airplane, characteristics of stiffened sheets
with compound curvature, properties of stiffened web
beams, the strength of honeycomb cores for sandwich
construction, side loading of sandwich sheets, the effect
of temperature on heat-resisting adhesives, and others
are being investigated under NACA sponsorship.
Problems involving aircraft structura~ materials-their
physical properties, uses, and mechanisms of failure—
are under investigation at various institutions. Work
is continuing under h7ACA sponsorship on the develop-
ment of ceramic coatings for high-temperature-resist-
ing materials, on development of high-temperature
alloys for turbine blades, and on various bearings and
lubricants. These various research projects are de-
scribed in somewhak greater dettil under the headings
of the committees and subcommittees concerned with
each project.

During this year, the NACA has sponsored new
research on fundamental aeronautical problems at the
National Bureau of Standards, Armour Research
Institute, Brown University, Ba.tielle Memorial Insti-
tute, Polytechnic Institute of Brooklyn, California
Institute of Technology, University of California,
Carnegie Institute of Technology, University of Cincin-
nati, Cornell University, University of F1orida, Forest
Products Laboratory, Georgia Institute of Technology,
Harvard University, Johns Hopkins Universit , Illi-
nois Institute of Technology, University of J linois,
Massachusetts Institute of Techriology, University of
Michigan, University of Minnesota, Mount Washington
Observatory, New York University, University of Notre
Dame, Pennsylvania State College, Princeton Univer-
sity, Purdue University, Stanford University, Syracuse
University, Agricultural and Mechanical College of
Texas, University of Virginia, and University of
Washington.

RESEARCH INFORMATION

Research rewdts obtained in the Committee’s labora-
tories and through research contracts are distributed in
the form of Committee publications. Formal Reports,

printed by the Government Printing Office, contain
unclassified information and tire available to the gen-
eral public from the Superintendent of Documents.
Technical Notes, released by the Committee in limited
numbers, also contain unclassified research results of a
more or less interim nature and are distributed to
interested organizations throughout the country. Fre-
quently, research results which will ultimately be pub-
lished in Report form are issued initially as Technical
Notes in the interest of speedy dissemination of data to
American technical people and organizations. Trans-
lations of foreign material are issued in the form of
Technical Memorandums.

In addition to unclassified publications the Com-
mittee prepares a large number of reports containing
classified research information. For rensons of na-
tional security, these reports are controlled in their
circulation. From time to time the classified reports
are examined to determine whether it is in the natiomd
interest to declassify them. If !t is found desirable to
declassify the reports, they may be published as unclas-
sified papers.

Another important means of transmitting quickly
a.ncleillciently the latest information in a particular field
of research directly to designers and engineers working
in that field is the holding of technical conferences from
time to time at an appropriate NACA laboratory. Sev-
eral conferences of this nature were held during the past
year.

The Office of Aeronautical Intelligence wcs estab-
lished in 1918 as an integral part of the Cornrnittec’s
activities. Its functions are the collection and classifi-
cation of technical knowledge on the subject of aero-
nautics, including the results of research and experi-
mental work conducted in all parts of the world, and
its dissemination to the Depart mcnt of Defense, air-
craft manufacturers, educational institutions, and other
interested people. American and foreign reports ob-
tained are analyzed, cladled, and brought 10 the atten-
tion of the proper persons through the medium of
public and confidential bulletins.

AERONAUTICAL lNVEN’HONS

By act of Congress, approved July 2,1926 (U. S. C.
title 10, sec. 310-r), an Aeronautical Patents and Design
Board was established consisting of the Assistant Sec-
retaries for Air of the Departments of War, Navy, and
Commerce. In accordance with that act M amended
by an act, approved March 3, 1927, the National Ad-
visory Committee for Aerommtics is charged with the
function of analyzing and reportiqg upon the technical
merits of aeronautical inventions and designs submittwi
to any tigency of the Government. The Aeronautical
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Patents and Design Board is authorized, upon the fa-, evaluated and the submitters have been advised con-

vorable recommendation of the Committee, to “deter- cerning the probable merits of their suggestions.

mine whether the use of the design by the Government Many personal interviews have been granted inventors

is desirable or necessary and evaluate the design and who visited the Committee’s Officesl and technical infor-

lix its -worth to the United States in an amount not to rnation has been supplied when requested.

exceed $75,000.;’
* * * * *

Recognizing its obligation to the public in this respect The following detailed summary of research, corn-

the Committee has continued to accord to all corre- pleted during the &cal year 1950, is organized to reflect

spondence on such matters full consideration. All pro- the areas of research over vvhich each technical com-
po~a~~ received have been carefu]ly analyzed and mittee and related subcommittee has cognizance.

AERODYNAMIC RESEARCH

Experimental flights with piloted aircraft at tran-
sonic and supersonic speeda have been made with in-
creased frequency during the past year. While these
flights to lovv-supersonic speeds are possible for short
periods of time ordy, and -with certain other limitations,
it has been clearly demonstrated that aircraft opera-
tions -wiI1be conducted throughout the entire transonic

range where previously it -was considered that such
operation was only a possibility. Information is be-
coming available to permit the development of airplanes
capable of further penet~ation of the transonic and
low-supersonic speed ranges vzith fewer operational
limitations. With continued emphasis on transonic
research, large as weLI as small military airplanes may
be expected to be developed for efficient operation
through the transonic speed range.

It is most important to recognize, however, that the
limited successes already realized through intense re-
search on transonic phenomena have served to point
up efTect.ively many detailed problems -which remain to
be solved by continued research.

The scope of the detailed problems requiring further
investigation is extremely broad and inc~udes W phases
of transonic and supersonic stability, control, maneuver-
abiIity$ performance, unsteady air flows, and a number
of other difficult problems. These problems are similar
in nature to those studied in the development of sub-

sonic aircraft? but are considerably more difficuIt be-
cause of the inherent complexities of transonic air flows
Since theoretical studies of the physical phenomena of
transonic air flows have been seriously hampered by the
general inability of mathematics to express completely
the motion of the air as it concurrently obeys the differ-
ent laws governing subsonic and supersonic tlows~ it is

COMMITTEE ON

Airfoils

As an aid in the selection of wing sections for small

necessary to rely to a very large degree on experimental
studies.

The concerted research effort on transonic and super-
sonic phenomena is compkrnented by studies of related
problems at low speeds such as landing and take-off of
the new and uncon-rentional high-speed configurations.
It is necw=ary likewise to continue subsonic ressaroh to
assist in achieving improvement in the performance of
more con-rentiomd airplanes and of helicopters and
seaplanes. Fundamental research on very high super-
sonic or hypersonic air ffows and the development and
improvement of highly specialized research techniques
and equipment are also required to provide a sound basis
for future aeronautical progress.

The XACA is aided in the review of the aerod~amic
research activities of the (lommitteek laboratories and
the integration of research programs in this broad area
of -work by the Committee on Aerodynamic and its
subcommittees. Specialized consideration is given to
research pro=mams and accomplishments in the related
fields of aerodynamics by the Subcommittees on
Fluid Mechanics, HQh-Speed Aerodynamics, Stabtity
and Control> Internal Flow, Propellers for Aircraft,
Helicopters, and Seaplanes, and the Special Subcom-
mittee on the Upper Atmosphere.

The practice of holding technical conferences with
representatives of the miIitary services and the aircraft
industry was continued during the past fiscal year. A
technical conference on aerodpamic problems of t.ran-
sonic airplane design, prope~lers, and research airplanes
was held at the Langley Laboratory in the fail of 1949.
Another technical conference on supersonic aerody-
namics -was heId early in 1950 at the Ames Laboratory.

In the sections which follow, a description is given of
some of the Committee% recent work in aerodynamics.

AERODYNAMICS

personal types of airplanes, the two-cIimensional aero-

dynamic characteristics of 15 NACA airfoil sections in
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both smooth- and rough-surface conditions were deter-
mined at relatively low Reynolds numbers in the Lang-
ley two-dimensional low-turbulence tunnel (Technical
Note 1945). Ten airfoils of this group were NACA 6-
series sections varying in thickness ratio, design lift
coefficient, and position of minimum pressure. The

c other five were NACA 4- and 5-digit sections. A num-
ber of the airfoils were tested with and without a split
flap. An interesting result of this investigation was
that although the 6-series airfoils with smooth surfaces
have lower drags than conventional airfoils at -high
Reynolds numbers the difference disappears at low
Reynolds numbers.

In order to evaluate the effects of the basic chord-
wise distribution of thickness on the stalling character-
istics of thin, cambered airfoils, an investigation at low
speed was undertaken of several two-dimensional air-
foils in one of the Ames 7- by 10-foot wind tunnels.
The airfoil sections were cambered for design lift co-
efficients of 0.3 and 0.8, and the basic thickness distribu-
tions investigated were the NACA 0010 and 64A019.
The results show that in the Reynolds number range of
these tests the NACA four-digit-series sections devel-
oped greater maximum lift both with and without split
flap than the corresponding NACA 64A-series sections
for dl conditions tested. For the sections cambered
for an ideal lift coefficient of 0,3, the stalI was primarily
due to separation of flow from the leading edge; where-
as for the sections cambered for an ideal lift coefficient
of 0.8, the stall was the result of a combination of lead-
ing-edge and trailing-edge separation.

Some of the effects on airfoil characteristics of varia-
tion of maximum thickness have been determined at
subsonic speeds in the Ames 1- by 31\2-foot wind tunnel.
The airfoiIs consisted of symmetrical NACA four-digit-
series sections, ranging in thickness from 4- to 10-per-
cent chord. The results showed progressive improve-
ment in the aerodynamic characteristics of the airfoils
at high subsonic Mach numbers as the maximum thick-
ness-chord ratio was reduced.

lligh-Lift Devices

In the design of supersonic aircraf t, consideration is
being given to the use of thin airfoils having a sharp
leading edge. Such ajrfojls exhibit favorable chmac-
teristics at supersonic speeds; however, their character-
istics at low speeds are such that unless modified, high
speeds will be required for landing. Several wind-
tunnel studies have therefore been made of sharp-edged
airfoils equipped with high-lift devices designed to im-
prove the low-speed performance of such airfoils.

Technical Notes 1934, 2018, and 2172 present the
results of one such study in the Ames 7- by 10-foot wind
tunneL These results indicated that the maximum

lift characteristics of a sharp-edged, moclitiecl double-
wedge airfoil may be considerably improved by the use
of a flap on the leading edge of the airfoil. Tuft studies,
made of the airfoil both plain and with the nose flaps
installed, led to a more complete understanding of the
action of the nose flaps in improving the stalling char-
acteristics of the airfoil.

A similar study was made in the Langley Lwo-dimen-
sional, lo_w-turbulence tunnel using a two-climensiomil
sharp-edged biconvex airfoil equipped wl(.h various
leading-edge slate and drooped-nose-flnp configurations
and a plain trailing-edge flap. This study showwl that
the maximum ]iftmf such a wing may be considerably
increased by the installation of a properly positioned
leading-edge device.

The large pitching-moment increments associated
-with deffection of certain types of t.rtiilin~-edge higll-
lift devices have made it dificult to obtain trim (luring
landing or ttike-off. As a guide in the selection of
high-lift devices, therefore, a survey -was made of ttvail-
able two-dimensional data on trim changes near mnxi-
mum lift resulting from the deflection of various types
of leading- and trailing-edge high-lifk devices. This
survey indicates that the use of e.xtensiMe leadlng-ecl~c
devices with nonextensible or fixed-hinge type trailing-
edge devices seems to offer the best combination of high
lift and low pitching-moment increments.

wings
The incorporation of large amounts of sweepback

into wing plan forms to improve their high-speed per-
formance introduces kwge stability changes at low
speeds. A study has been made in one of the Ames 7-
by 10-foot wind tunnels of the possibilities of improving
the longitudinal stabiIity of a 63° swept wing by the
use of camber and twist. An uncambered and unt.wistwl
63° siveptback wing showed a large change of stubility
at a relat.ively low lift coefficient because of flow eeparn-
tion from the leading edge of the tip portion. ‘l%e in-
troduction of camber and twist delayed the leacling-
edge separation to higher lift coefficients where large
variations of stability resulted from excessive sp.nnwiso
flow within the boundary l~yer which reduced the lift
effectiveness of the tip portion.

Among the studies to improve the low-speed charac-
teristics of high-speed wings is that made in tho Ames
40- by 80-foot wind tunnel using a triangular wing of
aspect ratio 2 having thin, NACA four-digit airfoil
secti ens. The results obtained on this wing cliffered
only slightly from those obtained on other Iovv-aspcct-
ratio triangular wings having either thick subsonic-tjp
or thin supersonic-type airfoil sections. At n reason-
able angIe of attack for Ianding, the lift coefficient was
such that a high landing speed wouId be required. Also
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the Iovr lift-drag ratio indicated that power vvotd~ be
required for landing.

In an attempt to improve the lo-w-speed characterist-
ics of the -wing, a combination of leading-edge and
trailing-edge flaps was used to produce the eflects of
camber and twist. Significant increases in the Iift
coefficient for landing and the lift-drag ratio vrere
obtained. Even with the impro~ements~ it is doubtful,
however, if landings without power could be made
safely.

Since the characteristics of wing plan forms suitable
for high-speed flight are likely to be greatly affected
by Reynolds number, a knowledge of these effects is
necessary to a full appreciation of the results of small-
scale research on such -wings. h order to evaluate
these effects, a semispan model of a fuII-span trian=gydar
wing previously tested in the &nes 40- by 80-foot wind
tunnel vm.s tested in the Ames 7- by 10-foot wind tLIIW
neI. The results of the tests from both facilities -were
in good agreement.

31uch of the work in the large-scale low-speed wind
tunneIs is directed to-ward understanding and improv-
~g the lo~-speed and atalling characterktks of high-

speed wings. In the LangIey two-dimensional Iovi-
turbulence pressure tunneI an investigation was made
to determine the effect of s-weep, taper ratio, and aspect
ratio on the low-speed aerodynmnic characteristics of
nine semispan -wings with and without .~lit flaps
through a Iarge range of Reynolds numbers. The re-
sults indicated that increases in sweep angle increased
the maximum lift coefficient of the plain -wings but
decreased the maximum lift coefficient of the wings
with half-span split flaps. RecynoIcls rmmber efkb
were most pronounced for the more highIy svreptback
winP~ at low to moclerate Iift coetlicients.

The etkt of wmiation in leacling-eclge ancl trailing-
edge flap span on the Longitudinal aerod~amic charac-
teristics at lo-iv speed of two 45° siveptback wings of
aspect ratios 5.I and 6.(I has been determined in the

Langley 1$1-foot pressure tunnel. Variation in the
span-wise extent of split and double-slotted trailing-
edge flaps was found to have an important effect on
the stability at high angks of attack of the wings with
leading-edge flaps. TraiIing-eclge flaps of greater than
0.5 semispan caused instability; whereas flaps of 0.3
semispan improved stability. A similar investigation
in the Langley 19-foot pressure tunnel of the lo-iv-speed
longitudinal characteristics of a 50° sweptback circular-
arc wing of aspect ratio 2.84 has also been made. This
in-wstigation led to results simiIar to those obtained on
the 45° sweptback wings.

An investigation -was made in the LangIey full-scale
tunnel of the Iow-speed longitudinal characteristics of
a wing-~elage combination having a 47.5° s-weptback

wing with various extensible Ieadmg-edge-flap and
plak trailing-edge-flap arrangements. Satisf actory
static longitudinal stability was obtained for aH con-
fi=mrations empIoying extensible, partial-span, leading- . ..-
edge flaps.

A study of the &alIing characteristics of swept
wings in the Langley full-scale tunnel showed that the
separation vortex emanating from the apex of swept-

.-

back wings having sharp Ieading edges has consider-
able influence on the span-wise and chord-wise pressure
distributions. The vortex extends spanvvise near the
wing leading edge at IOTVangles of attack and is grad-
ually s-wept inboard with increasing angIe of attack,
with corresponding effects on the stabiIity characteris-
tics of the wings at 10-wspeeds. Deflecting a fulI-span
drooped-nose flap on a wing swept back 47.5° was
shown to increase the angle of attack at. which the
separation -rortex was formed.

An investigation was conducted in the Langley
19-foot pressure tunnel of leacling-edge chord exten-
sions on two 50° sweptback wings with circular-arc and -—
h7ACA 64-series airfoil sections. Several conjura-
tions varying in span, spanwise location, and chord of
the leading-edge extensions were tested. The remdts
of this investigation showed that short-span chord ex-
tensions are ~ery effective in improving the longitu-
dinal stability characteristics of wings with vortex-type
flow.

A study in the Langley fidI-scaIe tunnel of a wing
with leading-edge svveepback decreasing in tvio steps
from 45° at the root to 20° at the tip indicated a large
amount of static longitudinal stability near maximum
lift except for confl~wrations with full-span Ieading-
edge flaps instaIIed, for which case the stability was
marginal. The lateral stabiIity and aileron effective-
ness measured on this wing were generally similar to
resLI]ts obtained on unswept wings. Surface pressures .. -.
-were also measured in order to determine the spanwise
load distribution of the -wing.

As part of a program to study the effects of adding
nacelles to wings at both high- and Iow-subsonic speeds,
a study has been made of the effect of nacelle Iocation
on the aerodynamic characteristics of a 35° sviept wing
at low speeds. The naceIIe was mounted in several posi-
tions in relation to the wing-chord phtne and at several
span positiom~, and the interference effects on the maxi-
mum-Iift and pitching-moment characteristics of the
wing as well as the ram-pressure recovery for the nacelle
were determined.

130undary-Layer Investigations

The University of Michigan has made measurements
by the hot-wire technique of the velocity profiks in the
turbu~ent boundary layer on the upper surface of a 25°



8 REPORTNATIONALADVISORYCOMMITrEE FOR AERONAUTICS

sweptback semielliptical wing model. Pressure dis-
tributions were measured, and studies of the position
of transition from smooth to turbulent flow by a carn-
phor-mwporation technique were also made (Technical
Note 1946).

In the Langley two-dimensional low-turbulence pres-
sure tunnel, investigations” of laminar boundary-layer
control by continuous suction through a porous surface
have been made in order to determine the effectiveness
of this method at large Reynolds numbers (Technical
Note 2112). Full-chord laminar flow was maintained
on an NACA 64AO1O airfoil up to a Reynolds number
of approximately 20,000,000. At this Reynolds num-
ber, the combined wake and suction drag was about 38
percent of the drag of a smooth and faired NACA
64AO1O airfoil without boundary-layer control.

Laminar boundary-layer control by suction through
closely spaced spanvvise slots as a means of extending
the laminar boundary layer is also being studied in the
same facility. In the initial phase of this investigation,
described in Technical Note 1961, it was found that
for a relatively small expenditure of suction power, sub-
stantial increases in the extent of the laminar layer on
a smooth airfoil could be obtained up to a free-stream
Reynolds number of 7,000,000. These increases in the
extent of the laminar layer could not be achieved at
higher Reynolds numbers, however, because of unknown
disturbances in the boundary layer which require fur-
ther study.

An investigation vvasmade in an effort to improve the
maximum lift coefficient of an NACA 65S–018 airfoil
section by the use of suction through slots spaced so
as to delay separation at the leacling edge and trail-
ing edge. The investigation, at a Reynolds number
of 1,000,000, showed that both leading- and trailing-
edge separation could be delayed by this method; how-
ever, tie effectiveness of the narrow leading-edge slot
was limited to a relatively small range of angle of at-
tack because of the movement of the separation point.

A study of the relative effectiveness in increasing the
maximum lift coefficient of an NACA 65+15 airfoil
section by means of suction through a slot located at 60
percent chord together with a double-slotted flap and
by means of suction through a slot on the upper sur-
face of a, plain flap was made at Reynolds numbers of
1,000,000 to 6,000,000 in the Langley hvo-dimensional
lovv-turbulence tunnel. The investigation (Technical
Note 2149) showed that for a given expenditure of suc-
tion power, the combination of the 60-percent-chord
slot and double-slotted flap was the more effective in
increasing the maximum lift coefficient.

The study of boundary-layer control by use of porous
material at the leading edge of swept wings has been

continued at the Ames 40- by 80-foot wind tunnel. Re-
sults were obtained which alloweii correhd,ion with ex-
isting theories and which pointed the way toward ex-
tension of the theory to include swepp and three-dimen-
sional effects.

An investigation of boundary-layer control by suction
through leading-edge slots was conducted in the T~ang-
ley full-scale tunnel on a wing-fuselage configuration
having -47.5° sweepbuck. The results indicate that,
with suction through leading-edge slots, it is possibla
to eliminate the longitudinal instability that occurs in
t}le high lift range for the plain wing.

An analysis has been made to cletermine the effec~ on
the landing characteristics of a liaison-type airplane
of the increases in maximum lift coetlcient that. aro
possible with the use of boundary-layer cent rcd by suc-
tion. The analysis (Technical Note 2143) covered a
wide range of airplane wing loading, horsepower, and
aspect ratio, The results indicated that for a spccikl
airplane maximum speed the tot-al lancling distance over
a 50-footibstacle could be reduced from !?5 to 40 percent
by the use of boundary-layer control. Similar de-
creases in ground run and stalling speed were shown
to be possible.

SUBCOMMITTEE ON FLUID MECHMWCS

The solution of the proliems of flight at all speeds
requires continuous research into the mechanics of
fluid motion for discovery of laws and principles and
for guidance of applied research along fruitful paths.
The NACA has continued to devote substantial eflort
to such &sic research on a variety of aerodynamic prob-
lems. . . .

VISCOUSF1OWS

Emphgsis has continued to increase on the study of
viscous-flow phenomena, particularly for the high-speed
aerodynamics regime. Investigations were made dur-
ing the past year to study the stability of lami nar
boundary layers. One investigation conducted at the
Ames Laboratory involved debmninat ion of the efTcct
of cooling on the transition frmn kuuinar to turbnlent
flow in the boundary layer on a 90° cone at supersonic
speeds. The. experimental results viere in cp~lit :d ive
agreement with existing theory in indicating a iiebtycd
transition with increase in cooling This work was
report din Technical IVote 2131.

ib~ analysis was made in Technical Note 1999 of the
stability of the huuinar boundary layer between parallel
streams .of an incompressible ftuid. ca~culations based
on this analysis indimtecl that flow instability occurs ~t
a much lower Reynolds number for the free boundary
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layer between streams than for the bounchy layer on a
flat plate without pressure gradient.

An experimented imestigation was conducted at the
Lewis Laboratory involving the measurement of pres-
sures and densities within the Imnimr bounclary layer
on a flat plate in a supersonic stream. The immediate
purpose of this investigation, -which -was reported in
Technical Note 2110, -was to study the application of
the two techniques: an interferometer and a pre=ure
probe, to the measurement of boundary-layer character-
istics. The presence of density gradients in the bound-
ary layer required detailed analysis of corrections nec-
essary to evaluate the interferometer data. With these
corrections satisfactory agreement was found between
resuks from pressure probes and interferograms.

A general integral form of the boundary-layer
equation has been derived from the Prandtl partial dif-
ferential boundary-layer equation. This derivation is
report ed in Technical Note 9158. The general integral
equation obtained is valid for either laminar or turbu-
lent incompressible boundary-layer flow and contains
the Von K5rmtin momentum equation, the kinetic-ener=gy
equation, and the Loitsianskii equation as speciaI cases.
In an attempt to obtain a practical method for the
cahlation of the development of the turbtient bound-
ary layer, use -was made of the expffimental finding
that all the velocity profiks of the turbulent boundary
layer form essentidy a single-parameter family. The
general equation is thereby changed to a simple one from
which an equation for the space rate of change of the
shape parameter of the turbulent boundary layer can be
obtained. The present lack of precise howledge con-
cerning the surface shear and the distribution of the
shearing stress across turbulent boundary layers pre-
vents the attainment at this time of a thoroughly
reliable method for calculating the beha~ior of turbu-
lent boundary layere.

Technical N’ote 2045 presents an analysis based on
empirical equationa of the development of the turbulent
boundary la-yer along plane surfaces with pressure
gradient. Numerical tables -were computed -with the
aid of this analysis from which rapid estimations can
be made of turbulent boundary-layer de-relopment
along surfaces such as the walls of supersonic nozzles
and test sections.

An analysis was made and equations were developed
at the Lewis Laboratory for the prediction of velocity
.clistrilmtions for fully deveIoped turbulent flow in
smooth tubes for both incompressible and compressible
flow without heat transfer. Experimental velocity dis-
tributions were made in order to check the analysis and
to determine values for the constants appearing in the
equations. ‘l%is work -was reported in Technical Note
2138.

CompressihIe FIow-s

The formidable mathematical dMicuIties involved
in- the development of theory for the t.ranscmic speed
regime makes necessary a many-sided attack. The
problem of describing the flow about a simple sharp-
edged airfoil at slightly supersonic Mach numbers for
which a detached shock appears in the flow ahead of
the airfoil was investigated at the Ames Laboratory
during the past year. By the use of the hodograph
method together with suitable techniques of numerical
analysis, it was found possible to cakxdate the flow field
forward of a finite wedge. These results were applied
to the determination of pressure dktribut ion and drag
of a double-wedge airfoil at zero lift for a range of
flight speeds just above Mach number 1.

In another study, presented in Technical Note 2130,
an analysis carried out within the frame-work of the
Von Karman transonic similarity theory -was made of
the flow phenomena in the vicinity of thin airfoils at
traneonic speeds. The analysis, -which was based on
the integral form of the continuity equation, resulted
in fairly simple methods for the approximate calcula-
tion of the velocity distribution shock location, and
pressure drag for symmetrical airfoils in the transonic
speed range.

In a theoretical investigation carried out at the
Langley Laboratory, the particular integrals of the
second-order and third-order Prandtl-Busemann itera-
tion equations for the flow of a compressible fluid have
been obtained. The assumption was made that the
Prandtl-Glauert soktion of the linearized or first-order
iteration equation for tvio-dimensional subsonic flow is
known. The forms of the particular integrals derived
for subsonic flow are readily adapted to supersonic
flows. This -work was reported in Technical Note 2159.

Theoretical investigations of compressible flows by
educational institutions under contract to the h’ACA
have been continued. Several such investigations have”
been carried out by Syracuse University. From one of
these studies a transformation theory of systems of
partial differential equations was developed. This
transformation theory allows construction of classes of
pressure-density relations depending on any number of
parameters for which the equations governing the flow
can be transformed into essentially simpler form,
namely> into the Cauchy-Riemann equations in the
subsonic region, into the system corresponding to the
-wave equation in the supersonic case, and finally into
the form corresponding to the Tricomi equation in the
transonic region. This theoretical development is pre-
sented in Technical Note 2065.

A method of computing ~elocity and pressure dis-
tributions along wing profiles, under the assumption of
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the simplified density-speed relation outlined in Tech-
nical Note 1006, was extended in Technical Note 2056
to the case of a nonsymmetrical profile and a flow with
circuhttion. The shape of the profile, the speed of the
undisturbed flow, and a parameter determining the
angle of attack may be prescribed. The problem is

reduced to a nonlinear integral eqllation which can
be solved numerically by an iteration method.

In a related study, a simple computational method
was developed for obtaining circulatory flows around
given airfoils to a high degree of accuracy for flows
satisfying the linear pressure-density equation of state.
The method, which is presented in Technical Note 2057,
depends not on an integral equation but on a transfor-
mation from the hodograph to the physical plane
involving the determination of an arbitrary analytical
function.

In a fourth study carried out at Syracuse University,
the results of which have been reported in Technical
Note 2058, a. method for continuation of a gas flow
across the sonic line was developed. Simple sufficient
conditions were given under which a two-dimensional
study of the compressible flow can be continued analyt-
ically across the line of Mach number L Methods for
the numerical computation of the flow were described.

Experimental measurements have been made in the
Lnngley Laboratory annular transonic tunnel of the
pressures on several thin airfoils at Mach numbers near
1.0. Comparisons between the measured pressure dis-
tribution and that predicted by the method of Guderley
w;ere made for a double-vvedge airfoil at a Mach number
of 1.0. For other airfoils elementary analyses were
made comparing the measured pressures in the super-
sonic region on the airfoil with those calculated assum-
ing simple Prandtl-Meyer flow.

A simple method has been developed at the Lewis
Laboratory for estimating the location and form of
detached shock waves ahead of blunt bodies at super-
sonic speeds. This method, the development of -which
was reported in Technical Note 1921, was also used to
estimate the drag of bodies with detached shock -waves
and to estimate the mass flow and drag of nose inlets
at supersonic speeds. The method was applied in Tech-
nicaI Note 2115 to the estimation of wave drag and
pressure distribution for a variety of open-nosed bodies
of revolution at several supersonic Mach numbers.

A newer method for calculating the flow in the vicin-
ity of open-nosed bodies at supersonic speeds was re-
ported in Technical Note 2116. This method provides
a simple procedure for determining the preesure dis-
tribution over the forward portions of open-nosed
bodies, and in addition yields formulas for determining
the variation in angle and strength of the initial shock
wave with distance ahead of the body.

Experimental measurements were made at the Lang-
ley Laboratory of the detached shock waves in front of
cones and spheres at- Mach numbers from 1.17 to 1.81.
The experimental data obtnined with an interferometer
were compared with theoretical predictions. The datu
were also correlated to obtain equations that describe
the shape of the shock waves. This work was reported
in Technical Note 2000.

The development of theoretical methods for handling
unsteady flows involving moving shocks and other dis-
continuities was discussed in the Thirty-fifth Annual
Report,. During the past year, the theory of such inter-
mittent flows and of such intermittent flow dcviccs as
Shdi tubes has been rxteniled at the Langley Labora-
tory to inchde the effects of fluid viscosity. Marlied
reductions in the calculated pressure ratio across the
reflected wave are shown to result from tbc inclusion of
wall friction terms in the theory. Calculated values of
the pressure ratio with the friction terms inclucled are
in closer agreement with experiment. Because of the
similar nature of the attenuation of the hydraulic jump
traveling in a channel, the theoretical method has also

been developed for this phenomenon, These theoretical
developnlents me reported in Technical Note 19-12,

Gas Dynamics

In the Thirty-fifth Annual Report, mroclynamic
research at very low densities was dkcussed, and some
of the problems of research technique were mentioned.
It was noted that the phenomenon of afterglow had
shown promise as a method for visualizing very low
density flows. Questions huve been raised, however, as
to whether excitation of the gas molecules had tin im-
portant effect on the aerodynamic phenomena being
observed. To answer these questions a stucly was made
of the viscosity and the rate of hetit relc,ase of the
nit rogen gas which has been employed extensisel y in
afterglow experiments. It was found from this study
that the viscosity did not vary measurably as the result
of the excitation. The heat release due to the decay of
the afterglow was rather appreciable, IJul occurred at
such R relatively slow rate thtlt no important tierody -
namic effects w’.ould be expected to result in the flow
regions of interest.

In spite of difficulties of technique, research on cer-
tain aerodynamic phenomena has been successfully car-
ried out utilizing the low-density equipment available.
The drag and temperature-rise characteristics of an
unheated transverse cylinder in a high-speed free-
molecuhm ffow field have been measured in the Ames
low-dens”ity wind tunnel. The temperature of the cyl-
inder exceeded the stagnation temperature of the stream
as predicted by a theoretical study. The measured drag
of the cylinder agreed well with predict cd theoret icfl1
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values. li these experiments the Knudsen number
(ratio of mean free molecuIar path to cylinder radius)
varied from 4 to 1%5; Mach number from 0.55 to 2.75;
and Reynolds number from 0.005 to 0.95. The teats
have served to inclicate that available theory for free-
molecular flow may be adequate for predicting aero-
dynamic forces on bodies flying at. very high altitudes.

The aerodynamics of high-supersonic-31ach-number
or hypersonic flows are being studied at the three
~N.lCA laboratories. Some of this research is discussed
in other parta of this annual report. At the Langley
Laboratory a mechanical analogy for hypersonic low-
density flow was developed which may pro-re useful in
the study of aerodynamic phenomena at Mach number
of 5 and greater. In essence, the analo=q involves the
use of a large number of very small glass beads, vvhich
are approximate y analogous to gas molecules of cer-
tain types. The “molecules” are accelerated by the force
of gravity and allowed to impinge on the model. The
resulting flow pattern may be observed visually or
photographed viith simple techniques. The theory of
the analogy has been derived and some of the limitations
of the analogy have been formulatscl.

Aerodynamic Heating and Heat Transfer

The knowledge of aerodynamic heating and heat-
transfer phenomena has become of increasing impor-
tance as airplane and missile flight speeds have in-
creased into the supersonic region. An analytical study
has been made at the Langley Laboratory of the aero-
dynamic heating problem at high supersonic speeds for
two-dimensional flows -with laminar boundary layers.
As a result of this analysis, it was shown that, if a
laminar boundary layer can be maintained in the pres-
ence of the injection of fluid into the boundary layer,
the aerodynamic heating can be reduced substantially
by the injection of a small amount of coolant through
a porous surface. The coolant injection acts in two
ways to decrease aerodynamic heating: First and most
important, the boundary-layer velocity profle is altered
in such a manner that the rate at which heat is con-
ducted to the surface is reduced; and second, the coolant
absorbs an amount of heat which is a function of the
diference in temperature between the surface and the
coolant. The analysis, which is reported in Technical
Note 1987, includes calculations of the cooling require-
ments and the equilibrium surface temperatures for flat
plates and for flat porous surfaces with several rates
of fluid injection at 31ach numbers from 5 to 15 and at
altitudes from sea level to 200,000 feet.

Experimental data have been obtained at the Ames
Laboratory on the temperature recovery factor for the
cases of laminar, transitional, and turbulent flow on a
flat plate at a Mach number of 2.4. The experiments,

reported in Technical ATote2077, were conducted for a
range of Reynolds numbers of 235,000 to 6~’i50,030.
The reco-rery factor for a laminar boundary layer was
found to be 0.881. The corresponding value for a fully
developed tnrbtient boundary layer following natural
transition varied from 0.897 to 0.884 along the plate.

In another irrrestigation at the &nes Laboratory,
reported in Technical h’ote 1975, the temperature re-
coTery factors for a body of revolution -were measured
at llach numbers of 1.5 and 2.0. The recovery factor
was found to be the same at both Ifach numbers and
was independent of body shape. The theoretical values
of recovery factor—that is? the square root of the
Prandtl number for laminar boundary layers and the
cube root of the Prandtl number for turbulent bounclary
layers+mere found to be in good agreement with ex-
perimental values.

Heat-transfer measurements mere made in the ~mes
Laboratory 1- by 3-foot supersonic tunnel at a 31ach
number of 2 on a cooled 20= cone with a laminar bound-
ary ls.yer. The results -were reported in Technical
h’ote 20S7. lt was found that, although tl~e uniform- .-._
temperature @t region on the cone -was preceded by an
abrupt change in surface temperature, the experimental
results and the theory for uniform surf ace temperature
were in agreement over the rear 60 percent of the test
region. These results were also in agreement with data “““. _.
previously obtained on a heated model. An extension
,of this -work to the case of a parabolic body of resolu-
tion to determine the magnitude of the e.tkts of the
body shape and of longitudinal pressure gradients -was .—
reported in Technical Note 2148. Local rates of heat

.-

transfer were measured at 31ach numbers of 1.5 and 2,
and the results indicated that because of compensating
effects the heat-transfer characteristics of the test body
can be predicted by employing the theoretical relation-
ships normally used for conical bodies.

Research Equipment and Teehn@ea

The usefulness of the rocket technique for aerody-
namic investigations at high speeds has been extended
during the past year by the de~elopment of a number of
new instruments. One new instrument with an ex-
tremely 10VVtime constant is used for measurement of
missile skin temperature under rapidly changing high-
speed ffight con&ltions.

SUBCOMMITTEE ON HIGH-SPEED ..—.
AERODYNAMICS

Previous research has pointed broadIy to types of
airplane and missile configurations which -would h
expected to ffy -weIi and etliciently at trmsonic and
supersonic speeds. Research has continued an attempt
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to define more precisely the most efficient configurations
of the major aircraft components and their combina-
tions to develop analytical methods and obtain system-
atic experimental information for use in the design of
high-speed aircraft,, and to explore new ideas and
methods for future reductions in drag and increase in
lift. With these aims research has been conducted over
a wide range of speeda in wind tunnel and flight on
wings of various types, fuselages, wing-wing and wing-
body combinations, and on complete models of general-
ized and specific airplanes and missiles.

Ahfoils and Wings at Transonic Speeds

Extensive experimental studies of airfoil sections
have been made at high-subsonic speeds in the Langley
rectangular high-speed tunnel and the Ames 1- by 31\2-
foot tunnel. The effects on the airfoil aerodynamic
characteristics of variations in section thickness, chord-
-iViselocation of the maximum thickness, leading-edge
radius, and amount and type of camber have been deter-
mined. Some of the results obtained are included in
Technical Note 2096.

A new basis for the design of airfoil sect-ions having
favorable drag characteristics at supercritical speeds
has been proposed. The procedure consists essentially
in determining the shgpe of the airfoil section which
at the design lift has a minimum local velocity at the
airfoil crest (the highest point on the airfoil surf ~ce).
An application of this procedure to the design of cam-
bered airfoil sections has been made.

Aerodynamic and structural demands in the current
designs of missiles and airplanes have turned attention
to low-aspect-ratio wings. Thelifting-line theory used
in the past for analysis of wings of relatively high-
aspect ratio has been modified to produce a wing ancl
wing-body theory applicable to the case of low-aspect-
ratio wings. There are indications that the theory will
provide a good first approximation to the aerodynamic
forces in the tmnsonic speed range. One investigation
reported in Technical Note 1992 presented spanwise and
chordwise load distribution, lift, and induced drag for
a family of low-aspect-ratio plan forms.

An extensive investigation has been conducted at the
Langley Laboratory using the transonic-bump tech-
nique to determine the transonic aerodynamic charac-
teristics of a series of wings having NACA 65A-series
airfoil sections. Wing variables investigated included
a range of sweep angle, aspect ratio, taper ratio, and
thickness.

Wings having the s~~e configuration as some of tl~ose
included in the transonic-bump study mentioned in the
preceding paragraph have been investigated in flight
at large Reynolds numbers using the rocket-propelled-
model method. The objective of this investigation was

to obtain information regarding the drag at zero lift
at large scale.

Many sweptback wings are susceptible even cd mod-
erate lift coefficients to flow separation on the upper sur-
face beginning near the leading edge, pmt,icularly when
the wing sections are thin and have small leading-edge
radii. Efforts have been made to improve tlm ~ero-
dynamic characteristics of such wings through the uso
of cambered wing sections, increased leadhg-edge ra&ti,
and wing twist to reduce the angle of attack of outboard
sections. Such refinements of design appear to bc neces-
sary in many instances in order to provide efficient
.mveptback wings having satisfactory longitudi ntil sta-
bility characteristics at, the higher lift coefllcients. The
effects of wing section camber on swept-wing charac-
teristics have been experimentally determined in a series
of investigations in the Ames 12-foot pressure tunnel.
Six sweptback wing models having ditlerent, amounts
of camber were tested through a range of Mach num-
bers at a constant Reynolds number and at a constmt
low Mach number over a rnnge of Reynolds numbers.
The effects of combined twist and camber on a swept-
back wing have been determined in the ihnes 12-foot
tunnel over a similar range of test conditions, and on
another swept-wing model at high-subsonic speeds on
the transonic bump of the Ames 16-fooL high-speed
tunnel, The effects of local wing section changes havo
also been investigated on a bmically uncambered swept
wing through modification of the forward portion of
the wing sections to provide a larger leading-edge
radius and a small amount of camber concentrated near
the leading edges,

I?ences located at various positions on the upper sur-
face of svvept wings have been found to be effective in
some cases as low-speed stall-control devices. A study
of the effects of such fences on. the aerodynamic charac-
teristics of moderately svreptback wings in the low lift
range at transonic and supersonic Mach numbers has
been conducted at the Langley Laboratory.

Investigations of triangular wings hi~va contilmed.
An experimental investigation was mfide by the
rocket-powered-model technique of a series of thin
triangular wings having differen~ airfoil sections. A
comparison of the experimental dtita w,ae made with
calculations based on linearized theory.

Wings at Supersonic Speeds

The stucly of the supersonic pressure distribution nnd
wave drag of sweptback wings at zero Ii fl has l)cen
extended by means of linearized theory to include the
combined effects of plan-form taper and ct.lrviitur~ of
profile. This study was made at the Lnngley Labora-
tory and is presented in Technical hrote 2009. Compar-
isons have been made of the pressure distributions and
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the wave drag calculated by this method with the results
of a simplified method based on formulas for nntapered
plan forms with symmetrical pmabolic-arc sections. In
addition? a comparison of the wing vmve-drag coeffi-
cient has been made -with the results obtained from
formulas for geometrically similar svveptback and
tapered wings with rhombic sections.

The determination of the load distribution on thin
wings at supersonic speeds by lift cancellation tech-
niques is described in Technical N’otes 2145 and 2147.
These methods are more easily applied for some -wings
than previous methods. An experimental investigation
has been made at the Lewis Laboratory to determine
the validity of theory in predicting pressures in the
vicinity of sharp plan-f orru edges.

An approximate method of calculating pressures
within the tip region of a rectangular wing having
a symmetrical circular-arc profile has been de~eloped at
the Langley Laboratory. By use of this method it is
possible to determine the pressures in the vicinity of
wing tips with a higher degree of accuracy than with
the usual linearized methods.

In Technical Note 1944 the reversibility theorem
introduced by Munk was extended to prove that the lift-
curva slope of thin wings in either subsonic or super-
sonic flow is not changed by reversing the direction of
flow over the airfoil. It was also shown that -wing
reversal does not change the thickness drag or the
vahms of certain stability derivatives.

Methods have been developed for calculating the
downwash behind thin wings at supersonic speeds. The
approximate method reported in Technical Note 1925
was used to prepare charts for estimating the down-wash
behind rectnn=gpdar, trapezoidal, and triangular -wings.
These results? presented in Technical N’ote 2141, are in
excellent agreement with those obtained by more exact
but more laborious methods. Other methods developed
from linearized theory enable calculations of the veloc-
ity potential and the downviash for -wings of arbitrary
pian form. General expressions evolved from these
rnet.hocls are reported in ‘Technical Note 2135.

The roiling-up of the trailing vortices associated with
lo-iv-aspect-ratio wings is of importance in predicting
the down-wash behind such wings. A study has there-
fore been made which furnishes predictions of the rolL
~g-up and &splacement of the trailing vortex sheet

and the development of the cores of the roiled-up -ror-
tices at both subsonic and supersonic speeds.

The zero-lift drag of two series of thin, low-aspect-
ratio wings has been experimentally determined by use
of the rocket-powered-model technique. In the first
series of investigiitions made to determine the effect of
trailing-edge thickness, the airfoil sections were modi-

fied over their rearward portions to have several diff-
erent values of trailing-edge thicknes. In the second
ser.& of investigations made to determine the ef&ct of
type of airfoil section, tests were conducted on a rec-
tanguhr vving having circular-arc, double-wedge, and
slab-sided profdes.

The effect of Reynolds number and Mach number on
the characterktics of a mreptback wing mounted on a
slender body has been studied in the Ames 6- by 6-foot
supersonic -wind tunnel. A range of Reynolds nnm-
bers extending to 4,000,000 was covered.

The need for experimental studies of the supersonic
aerodynamic characteristics of wings with control sur-
faces has been apparen~ especially since shock and
boundary-layer interaction effects are not considered by
present theory. A fundamental investigation was con-
ducted in the Langley 9-inch supersonic tunnel to study
the flow over a rectanguktr wing having a symmetrical
circular-arc profile and a 30-percent-chord trailing-
edge flap.

Results of a theoretical investigation of the mutual
interference between the tvio halves of a cruciform wing
have been reported by the Ames Laboratory. It has
been known that the damping in roll and the rolfing
moment due to differential deflection of the ho Jmlves

of one of the sets of Win=mof a cruciform wing arrange-
ment are seriously affected by the interference of the
other set of wings. Previously, no theoretical analysis
of this problem had been made because of the complex
mathematical treatment necessary in the general case.
It was found, ho-tve~er, that by utilizing a certain low-
aspect-ratio-wing theory, it was possible to reduce a
difllcult three-dimensional problem to one of two
dimensions in which classical conformal transforma-
tion methods could be used to sol~e the problem.

Bodies and Wing-Body Interference

Interest in bodies of revolution, particularly in the
supersonic speed range where the body often becomes
a major confi=-ration component, has led to extensive
investigations of their aerodynamic characteristics. h
analysis has been made at the Langley Laboratory to
study the effects of compressibility on the pressure co-
efficients over several bodies of revolution for the zero-
lift case by comparing experimentally determined pres-
sure coefficients with those calculated by linearized
equations.

The Langley Laboratory has conducted a series of
tests at large scale by the rocket-propelled-model
method to develop low-drag bodies. Drag memure-
ments at zero lift were obtained at transonic and super-
sonic speeds on fin-stabilized parabcdic bodies of revolu-
tion having a fineness ratio of 6. The investigation has
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more recently been extended to include models having
higher fineness ratios.

An investigation of a slender, fin-stiibilized body of
revolution has been conducted in the Lewis 8- by G-foot
supersonic tunnel, the Ames 1-by 3-foot supersonic tun-
nel, and the Langley 4- by 4-foot supersonic tunnel,
and in flight by the rocket-propelled-model method
over a wide range of Mach number and Reynolds num-
ber. Comparisons have been made of the results ob-
tained in the dlfferen-t facilities? and experimental re-
sult-s have been compared with theoretical predictions.

An analysis has been made of the flow over the base
of a body of revolution. The calcrdation of base drag
by semiempirical methods resulting from this analysis
enables the effects of Mach number, Reynolds number,
forebody shape, and type of boundary-layer flow to be
tmken into account. Experimental measurements con-
ducted at Mach numbers of 1.5,2.0, and 3.0 are reported
in Technical Note 2137 nnd show satisfactory agree-
ment with the analysis; the results conclusively demon-
strate the importance of viscous effects in determining
the base pressure at supersonic velocity.

Experiments to mensure the drag of gone-cylinder
bodies over a wide Mach number range were conducted
in the new Ames supersonic free-flight tunnel A 60°
conical-nose body was tested at Mach numbers between
1.5 and 8.0, and 30° and 90° conical-nose bodies were
tested at Mach numbers from 1.5 to 3.7.

Sel’eral investigations concerned with the interfer-
ence between wings and bodies have been made. The
effects of such interference on the load-distribution, lift,
pitching-moment, side-force, and yawing-moment char-
acteristics of a configuration having a circular body
with either a single wing or a cruciform wing are given
in Report 962.

The general investigation mentioned in the preceding
section conducted on the transonic bump of the Langley
7- by 10-foot tunnel to determine the effects of varia-
tions in wing geometry also included tests to determine
the interference effects of n body of revolution simul-
kding an aircraft fuselage.

The interference effects between the wings and bodies,
as well M the characteristics of the wings alone and the
bodies alone, must be known in order to predict the
lift and pitching moment of wing-body configurations,
particularly thow having smal~ wings relative to the
bodies. Experiments were conducted in the Ames 1-
by 3-foot supersonic wind tunnel to measure the lift
and pitching-moment interference of six wing-body
combinations having triangular wings of varying
aspect ratio.

The pressure distribution over a sweptback wing in
the presence of a fuselage has been determined in the
Langley 4- by 4=foot supersonic tunnel. Comparison

has been made between the experiment id lift and drag
coefficients and those predicted by theory.

The effect of nacelles mounted on n sweptback wing
has been determined in the Amw 12-fcmL tunnel al
high-subsonic speeds. A primary objective of the in-
vestigateion -ws to determine the extent to which a
nacelle mounted on a swept wing nullifies the benefits
of wink sweep.

The effects of several external store configurations
on the aerodynamic characteristics of w }~o-ecide model
of a high-speed airplane have been investigated in the.
Langley 7- by 10-foot high-speed tunnel. The cxtwmul
store configurations included inboarcl underwing and
wing-tip installations. The effect of wing tank loca-
tion on the drag and trim at t.ransonic speeds has been
studied by the Langley Laboratory using rocket-pow-
ered swept-wing models.

Complete AirpIane and Missile Configurations

Drag” and performance data for several complete uir-
plane configurations, including a swept-wing airplane,
three thin-straight-wing airplanes, and a triangulnr-
wing configuration, have been obt ninecl by the Langtey
Laboratory using rocket-powered models. Models of
other current. high-speed airplanes have been tested in
f,he Langley 4- by 4-foot supersonic tunnel and in tbo
Ames 16-foot high-speed tunnel.

A number of supersonic guided-missile configurations
have been investigated in flight by the roc]{et-~}l*o~}t~lled-
model method and in severrd wind-tunnel Itcil it ies,
which include the Ames 1- by 3-foot supersonic tunnel,
the Langley ‘&iuch supersonic tunnel, nnd the ihes 1(1-
foot high-speed tunnel,

Research Equipment and Techniques

Two new supersonic wind-tunnel f ticilit ice were
placed in operation at the Ames Laboratory during 1950.
One of these, the 10-by 14-inch supersonic wind tunnel,
can be operated continuous] y at airspeeds up to dmul
seven times the speed of sound. In the other fncility,
the supersonic free-flighb wind tunnel, models are
launched from guns and fly at high speed through tho
test section in the direction opposil.e to that of the super-
sonic aiy flow. Using this technique, a wide range of
Mach numbers and ReynoMs numbers can be covered.
The aerodynamic data are obtained in this facility f rom
photographic records of the model behavior in flight.

The instrumentation problem for the supersonic frco-
flight tunnel was especially severe. A system has been
developed to obtain an accurnte time base for the pho-
tographic recording chronograph used in this tunnel.

This technique is responsible for time rncasurements
made to date, which have an accuracy of Xo,m,ooo
second. An electronic chronograph has been l-milt and
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tested -which wi~ extend the accuracy of time raeasure-
ments possible in f me-flight and ballistic research to

fiw,m,w second.
A new facility at the Langley Laboratory for attain-

ing hypersonic Mach numbers by firing high-speed pro-
jectiles through very low temperature media is described
in Technical Note 2120. Shadowgraphs of flows about
bodies at Mach numbers up to 6.8 were obtained with
equipment which consisted of a ride with a muzzle veloo-
ity of 4,200 feet per second and a chamber containing
air at - 3000F.

In connection -with experimental research at very 1O-W
densities where aerodynamic forces are small, drag
forces of 10-milligram magnitude have been measured
-with an accuracy of 1 percent by means of a special
balance.

A project has been carried out at the Langley Lab-
oratory which involmxi the design! construction, an-d
testing of a low-cost high-speed tunnel facility suitable
for use by educational institutions for student training
and basic compressible-flow research. The equipment
consists of compressors and a storage tank supp@ing
dried compressed air alternately to an induction tunnel
having a 4- by 16-inch test section and capable of Mach
numbers ranging from 0.4 to 1.4 and to a blow-down
tunnel having a 4- by +&inch test section capable of
supersonic Mach numbers up to about 4.

The general features required for the design of a
water channel for studying high-speed flows are dis-
cussed in Technical h’ote 2008. Suggestions are made
concerning types of auxiIiary equipment and an evahm-
t.ion is made of some of the hnitations involved in the
application of the hydraulic analoe~.

As part of an investigation of the problem of making
accurate airspeed measurements in flight at transonic
speeik, a study -was made at the Langley Laboratory on
the position error of static-pressure orifices. The
hyACA wing-flow method -was used to test a scale half-
model of a representative high-speed airplane; four
static-pressure orifices -were located on the top of the
fuselage between the projection of the wing trailing
edge and the vertical fin. Tests were made at zero angle
of attack over a -wide Mach number range.

Three methods have been developed by the Langley
Laboratory for the calibration of airspeed inetalIations
on airplanes at transonic and supersonic speeds. One
method, reported in Technical hTote 1979, involves the
use of radar-phototheodolite tracking equipment. A
second method, described in Technical h’ot.e 2046,
makes use of measurements of total pressure, stat.ic
pressure, and temperature. The third method, de-
scribed in Technical Note 9099~ makes use of measure-
ments of acceleration and attitude angle together with
the measurements required for the second method. The

accuracy is determined principally by the accuracy of
the measurements of normal and longitudinal accelera-
tions and of the attitude angle. lleasurements of tem-
perature need not be so precise as those for the method
of Technical hTote 2046.

W13C03~ll~13 Oi$l STABILITY AM) COh/ROL

High-speed flight experience -with piloted and piloh
less aircraft and continued analytical as vvell as experi-
mental studies have clearly indicated the need for more

-. —.

detailed investigations in the field of stability and con-
trol. Problems of immediate concern inrolve an under-
standing of the stability characteristics of ind~vidual
aircraft components, as vvell m component combina-
tions. Detailed studies of control surfaces, high-lift
devices, and the factors affecting over-all static and
dynamic stability and control characteristics of high-
speed aircraft have aIso received attention, particularly
in the transonic speed range. Research related to auto-
matic stability and control of aircra.f t received greater
attention, as did studies directed at. a more precise
definition of flying and handling qualities for piloted
aircraft. Stability and control problems associated
with high-speed tlight -were investigated through the
utilization of the special &TACA research airplanes, as
vieI.1as current service airplanes.

Longitudinal Stability

A study was conducted in the Langley 19-foot pres-
sure tunnel to investigate the maximum lift and longi-
tudinal stability characteristics of an airplane cordig-
uration employing sweptf orward wings. The model
investigated had an aspeci ratio of 5.8 with 35° of for-
ward s-weep. The study included an irmestigation of

; the eilects of nose flaps, trailing-edge flaps, and horizon-
tal-tail position.

The effects of changes in airfoil section and wing-tip
tanks on the longitudinal stability characteristics of a
rigid straight wing typical of current high-subaonic-
speed designs =ivereinvestigated in the Langley high-
speed 7- by 10-foot tunnel from Iow speeds to high-
subsonic SpCSdS.

Consideration of the use of triangular wings for
high-speed application led to a series of investigations.
In the Langley high-speed 7- by 10-foot tunnel the
aerodynamic characteristics of a modified triana@ar
wing in combination with a fuselage were obtained for a
range of high-subsonic speeds. To obtain some insight
regarding the effects of Reynolds number, tests were

—.—.

made -with the flow transition fied and free. At the
Ames Laboratory, a trian=@ar wing of aspect ratio 2,
equipped with a constant-chord flap, was investigated
by the wing-flow method as part of a general research
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program at that laboratory on this wing configuration. Conventional straight-wing aircraft usunlly experi-
A comparison of these data with those from conven- ience rather large trim changes in many cases associated
tiomd large-scale wind-tunnel investigations substan- with decreased control effectiveness in the transonic
tiated the validity of the plan-form characteristics flight range. One method suggested for minimizing
measured in the wing-flow study. these eflects is to accelerate rapidly through the speed

A study was made in the Langley 19-foot pressure range where these trim changes occur. An analytictd
tunnel to determine the effects of fuselage afterbody investigation of this flight technique was made at tho
shape, split flaps, and variations in the span of leading- Ames Laboratory.
edge flaps on the contribution of the horizontal tail to
the stability of an airplane configuration with a swept- Lateral and Directional StahiIity

back wing. Surveys were also made to determine the The application of the Lap]ace transformations to the
nature of the flow field in the vicinity of the tail. solution of both the lateral and hmgitudimd equations

At the Ames Laboratory extensive surveys were made of motion for an airplane in free flight has been pro-
in the 6- by 6-foot supersonic tunnel to determine the sented in Technical hrote .2002. The method outlined
downwash and siclewash characteristics in the flow field in this paper was used at the Langley Laboratory in
behind cruciform wings. These surveys were made in an analytical study of the Iateral motions Of a W@
connection with a general program to investigate the speed airplane. The results of this study arc present.wl
characteristics of cruciform-wing missiles. in Technical Note 212$). The rnetlod presented in

The time-depenclent downwash behind a wjng under- Teclmfca] Note 2002 permits the calculation of tho free
going a linear change in angle of attack with time in a motion of an aircraft following any initial condition or
supersonic stream was studied analytically in the Lang- the forced motion following the application of cons(ant
le-y stability analysis section. The method of analysis . external forces and moments. These forced motions
e~lployed & ext&sion of-a solution of the linearized
potential equation for unsteady flow, and the results
are applied to the calculation of the contribution of the
horizontal tail to the pitching moment and lift due to
normal acceleration of an airplane. The investigation
was reported in Technical hTote 2042.

The use of the canard or tail-first configuration has
been suggested as a possible means of alleviating stabil-
ity and control problems in high-speed flight. As a
step in the evaluation of this type, an investigation of
the longitudinal stability and control characteristics of
a canard airplane was made at the Langley Laboratory
utilizing the wing-flow method. The distinguishing
features of this configuration, in addition to the un-
conventional wing-stabilizer arrangement, were the tri-
angular plan form of the stabilizer, which was also the
longitudinal control surface, and the 45° siveptback
wing of aspect ratio 4.1. In addition to this study, an
investigation of the low-speed static stability and con-
trol characteristics of a canard model was conducted
in the Langley free-tight tunnel.

An investigation was conducted in the Ames 6- by
6-foot supersonic tunnel to determine the longitudinal
and lateral stability and control characteristics of a
canard-type missile. Included in this study was an
investigation of the interference effects of the various
missile components.

An investigation was conducted in the Langley free-
flight tunnel to determine the longitudim-d stability and
control characteristics of a fighter-type airplane when
closely coupled to the tail of a bomber such as might be
done for in-flight refueling purposes.

can be used to obtain the response to any arbitrary forc-
ing function by means of Duhamel’s integral.

An analytical study was made, and reported in Tech-
nical Note 2013, of the app]icabiIity of experimental
stability derivatives to the prediction of the lateral
disturbed motions of an airplane in flight. In this
study, use was made of the stiatic and rotmy deriva-
tives measured in the Langley stdility tunnel on a
~$-scale model of a fighter airplane with a 35° swept
wing. A comparison of the calculated motions with
flight results showed good agreement for lift coefficients

less than 0.8.
An ifivestigation was made at the Ames Laboratory

to determine the effect of wing incidence on the lateral
stability characteristics of a variable-inciclence wing in
combination with a thin body. The wing was of a modi-
fied triangular plan form and the wing-body combina-
tion vwis-similar to that of several guided missiles.

An experimental investigation of the effects of
various external store installations on the lateral sta-
bility and control characteristics of a model of a tail-
less airplane with a svreptback -wing wns made in the
Langley high-speed 7- by 10-fcwt tunnel.

A series of experimental investigation of the eflkcts
of various airplane components on the low-speed static
stability parameters of complete models were conducted
in the Langley stability tunnel. The results of one of
these investigations to determine the effect of the hori-
zontal tail on the characteristics of a model having 45°
sweptbac.k -wing and tail surfaces are reported in Tech-
nical Note 2010. These results inclicate that at any
given angle o.f attack the effectiveness of the vertical
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tail is dependent on the longitudinal as -ireII as the wr-
tical location of the horizontal tail with respect to the
vertical tail.

Technical N’ote 2168 contains the results of an inves-
tigation to determine the effects of vertical tail size and
tail length and of fuaelage shape and fineness ratio on
the aerodynamic characteristics of a model -with 45”
sweptback wing and tail eurfaces. In this study, the
effects of wing and fuselage interference on the vwrtical-
tail effectiveness -were aIso e-wihmted.

As one phase of a general study of the relative merit
of single- and twin-vertical-tail configurations on
fighter airplanes with s-weptbmk wings, an in-restiga-
tion was made in the Langley free-flight tunnel to deter-
mine the effects of tail configuration on the dynamic
stability characteristics of a model of a swept-wing
fighter airplane. The model was tested with twin taiIs
located approximately one-half way out on the wing
and also -with a single -rertical tail mounted on the rear
of the fuselage.

Elome recently proposed airplane designs have incor-
porated fuselages having a relatively flat cross section
with the major cross-sectional axis horizontal. ln order
to obtain information on which to base estimates of the
directional stability of such fuselages, an investigation
was conducted in the ~angley free-flight tunnel in
which the static stability characteristics of several such
fuselagee hav~~ high finenes ratios were determined.

~otary StabiMy Derivatives

Airplane configurations and operating conditions
associated with high-speed flight are characterized by
difficuh probIems of dynamic stability and response in
all speed ranges. ~omprehensive practical methods of
eva~uating the rotary stability derivatives me essential
to the designer in attempting to solve these problems.
The lf~(l~ has conducted extensive theoretical and
experimental studies, with emphasis on high-speed con-
figllrations and operating conditions, to develop such
methods.

The Langley Laboratory made a theoretical evalu-
ation, based upon linearized supersonic-flow theory, of
the lateral force and yawing moment due to combined
angle of attack and rolling for a series of thin! swept-
back, streamwise-tip wings of arbitrary s-weep and
taper. The analysis and results, presented in Technical
Note W29, are valid for a range of supersonic speeds for
whkh the wing is contained between the 3fach cones
springing from the wing apex and from the trailing
edge of the root section of the wing. The analysis for
the case where the llach cone from the wing apex is
rearward of the Ieadlng edge and the 3fach cone from
the trailing edge of the root section is either forward or
rearward of the trailing edge is reported in Technical

Note 2156. Design charts are presented in both reports
which permit rapid estimation of the lateral force and
y@ring moment due to rolling.

A theoretical evacuation of the I.W-curve slope and
damping-in-roll derivative for a series of thin wings
was made at the Langley Laboratory. The resultsl pre-
sented in Technical Note 2114, are applicable to tinge
of arbitrary taper ratio in which the leading edge is
mveptback, whereas the trailing edge is either wveptback
or svreptformwd, and the tips are unyawed with respect
to the free-stream direction. The range of speeds cov-
ered is such that the components of the stream velocity
normal to the leading and trailing edges are supersonic.
The results of the investigation are presented in the
form of generalized desiam curves for rapid estimation
of the lift-curve slope and the damping-in-roll deriva-
tive. 3fethode for calculating the pressure distribution
and damping in steady roil at supersonic Mach numbers
of thin flat sweptback wings having subsonic leading
edges were developed at the &nes Laboratory and are
reported in Technical Note 20$7.

The lift and damping in roll have been evaluat.ed by
the Langley Laboratory for families of thin a-weptba.ck
tapered wings with raked-in and cross-stream wing
tips. Equations -were derived for wings that are -wholly
contained within a boundary formed by the Wach lines.
The analysis is presented in Technical Note 2048, to-
gether with a series of design charts -which permit
rapid estimation of the Iift-curve slope and of the damp-
ing-in-rolI derivative.

b analysis based on linear theory was made of the
effect of a body on the damping im ro~ of wings having
supersonic leading edges. This analysis: preeented in
Ted-mica] Note 2151, indicates that cyIin&lcal bodies
having diameters up to 35 percent of the wing span have
little effect on the damping in roll. Larger bodies
decrease the damping.

The damping in ro~ at supersonic speeds of a com-
plete guided-missile configuration and its components
was determined both theoretically and experimentally
at the knes Laboratory. The sum of the damping
derivatives of the components -was appreciably greater
than that of the complete cor&=guration because of the
effect of the wing down-wash on the damping of the tail.
A approximate method to correct this effect on all
similar configurations was derived.

~ collection of the available linear-theory calcula-
tions of damping-in-roll, lift, and pitching-moment
derivatives of various -wing plan forms at supersonic
speeds visa published in Technical T’ote 1977.

4Lnew method of estimati~m the roIIing moment due
to yawing for subsonic speeds has been developed and
reported in Technical Note 1984. The method is wni-
empirical in that it provides for experimentally deter-

.
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mined correction factors to be applied to the theory.
Comparisons of experimental and estimated values of
this factor for 22 different wing configurations and 8
complete models indicate that this method provides a
substantial improvement over existing theoretical
methods of estimation.

Research studies of the derivatives associated with
yawing, rolling, and pitching motions have been con-
tinued with the rolling- and curved-flow facilities of the
Langley stability tunnel. The effects of various verti-
cal-fin arrangements on the low-speed yawing stability
derivatives of a triangular-wing model were measured
over a large range of angle of attack in the Langley
6-by 6-foot curved-flow test section. An investigation
was made of the pitching derivatives of wings of triang-
ular and modified triangular plan forms, and the measu-
red values of the dampingin-pitch parameter were
compared with those predicted for a typical airplane
having a, conventional arrangement of wing and hori-
zontal tail.

Research was conducted in the Ames 6- by 6-foot
supersonic wind tunnel on the dynamic longitudinal
stability of triangular wings at supersonic speed. The
damping in pitch -was evaluated over a range of super-
sonic lfach numbers by analysis of the transient oscilla-
tion of a spring-restrained model, and the results were
compared with those predicted by theory.

An investigation was made in the Langley high-speed
7- by 10-foot tunnel by the free-roil method to deter-
mine the effect of wing-tip-mounted tanks on the rolling
characteristics of a s-weptback wing. The effects of
various tank configurations on the damping in roll and
the aileron effectiveness were determined.

A simplified method for obtaining free-flight meas-
urements of damping in roil by use of rocket-powered
models has been developed by the Langley pilotless air-
craft research division. A systematic series of tests is
being conducted with this technique to determine the
effects of changes in wing geometry on the damping-in-
roll derivative at transonic and supersonic speeds, and
some studies of the effect of airfoil section and aspect
ratio have been reported.

ControIs

The range of airspeeds over which current and pro-
jected aircraft designs are required to operate has in-
creased the need for and the importance of detailed
studies of control characteristics.

At the Ames Laboratory a program has been com-
pleted comparing low-speed experimental lift and
hinge-moment parameters of control surfaces on wings
with and without s-iveepback -with values of these para-
meters computed by several theoretical procedures. A
theoretical method involving adjustments to the sec-

tion values of lift and bilge.monlent parameters fur the
effects of induced angle of attack and induced camber
for a finite aspect ratio appears to give sat isfackwy
comparison with experiment. ~lthough the method is
based on lifting-surface theory, it. can be easily applied
through the use of design charts.

One specific low-speed investigation of plain flaps
on a swept wing has been conducted in the Langley
300-mph 7- by 10-foot tunnel. The purpose of this
investigation was to determine the lateral cent rol
characteristics of the flaps which were 25 percent of
the wing chord and located at various spanwise stations
on a low-aspect-ratio 450 swept whg. It was found
that the rolling effectiveness at low angles of Rttiwk
could be predicted by the method outlined in T’cchnical
Note 1674.

As part of the preceding program to determine flap
design criteria for wings, other studies have been made
in the Langley 300-mph 7- by 10-foot tunnel of a 25-per-
cent-chord plain ffap on an unswept unt apered wing
with an aspect ratio of 3.13. The results of this inve#i-
gation gre reported in Technical Note 2080. It was
found that existing theoretical and empirical methods
for precliciting the lift effectiveness of the fktps for
various spans gave satisfactory agreement with
experimental results.

At the Langley Laboratory a study has been macle
of means of reducing the control forces associated with
high-speed heavily loaded airplmnes. One means of
reducing the hinge moments, part icularly at low spcecls~
is through the use of horn balances. To provide inf or-
mation on horn bidances at high speeds, an investiga-
tion -was conducted in the high-speed 7- by lf)-foot tun-
nel on. n low-aspect-ratio sweptlmck wing having a
25-percmnt-chord flap with various horn balances. In-
formation was obtained through a Nlach number range
on the incremental rate of chwnge of hinge-moment
coefficient with angle of attack and elevator ik41ection.

investigations at transonic speeds of efkt iveness
and hinge-moment characteristics of trailing-edge con-
trols with conventional subsonic balances have been
made by the wing-flow technique fit the Langley Labo-
ratory. Results obtnined with one beveled trailing-
edge full-span control on a 35° sweptback wing model
indicated that the degree of bahmce varied considerably
both with X.hwh number and Reynolds number. In
conjunction with this investigation, the characteristics
of a beveled trin~ tab were obtained over a range of tnb
deflections.

As part of a coordinated progrnm Itt,the iimcs TA~l.w-
ratory to furnish data for the design of ]~urizon(tll tails,

the aerodynamic characteristics of three tails, lli~~illg
0°, 35°, and 45° of sweeplxwk have been in rest igdwl
in the I%foot pressure tunnel. l{leviltor, stabilizer,
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and tab effectiveness as -well as e~evator tab hinge mo-
ments were measured. These tests provide the designer
with much detailed information concerning tail design.

For missiks it is often desirable to have three or more
wing panels mounted at the same longitudinal station
on the f uselage with individual control surf aces on each
panel. To determine the effects of wing proximity on
aileron rolling effectiveness, an investigation was per-
formed in the L.m@ey high-speed 7- by 10-foot tzmnel
using a free-rol]ing-model testing technique.

As part of a general lateral-control research pro=grmn,
instigations in the trmsonic and low-supersonic re-
gimes have been conducted by the Langley pilotkss
aircraft research division through the use of rocket-
propelled models. The rolling effectiveness of ailerons
located at various spanwise stations on a series of
straight and swept winam vias investigated as part of
this program.

In the supersonic range, an extensive investigation of
the characteristics of flap-type controls on a highly
svreptback wing has been made in the &es 6-by 6-foot
supersonic -wind tunnel over i range of Mach numbers.
For the wing plan form investigated, it was found that
the controIs, although adequate for lateral control,
would be inadequate for providing longitudinal trim
in case the wing was applied to a tailless desi=m. The

results of this investigation have been compared with
calculations using linearized theory.

In the Langley 9-inch supersonic tunnel, tests of a
rectanguhtr -wing having a 3C!-percent-chord trailirqg-
edge flap were made at. several Reynolds numbers.
These data have been compared with available theory.

An investigation has been made in the Langley 9- by
12-inch supersonic blow-down tunnel of a tail-surface
design for a specific missile. Of concern in th~ in-
vestigateion were the aerodynamic characteristics of the
-tail and elevator, including ele-rater hinge moments.

Plain flaps have also been investigated in the Lang-
ley 9- by 12-inch supersonic blow-down tunnel. These
tests were conducted on a low-aspect-ratio sivept wing
having a double-wedge airfoil section. The ffaps in-
vestigated had various chords, spans, and spanwise 10-
.cations. The results of this investigation hare been
compared with supersonic theory.

In the Langley 24-inch high-speed tunnel, studies
were made to determine the time lag between the deflec-
tion of the control and the development of the aerody-
namic forces on the wing at supersonic speeds. This
inf ormat ion is useful in the determination of control
response characteristics.

In addition to the more familiar flap controls, spoiler
controls have been under study as a possible means of
meeting the stringent control demands throughout the

operating ranges of current and anticipated aircraft
designs.

In the Lr@ey 19-foot pressure tunnel, a series of
ailerons and spoilers have been investigated on a 35”
sweptfomvard wing having an aspect ratio of 5.8.

A series of plain and step spoilers on a siveptback
wing were also investigated in the 19-foot tunnel at a
Reynolds number of 6,800,000. In this study spoiler

..—

projection as well as span -was varied for a series of
span-wise and chordwise beat ions in combination with

..——

various high-lift and stall control devices. From tkis
series of tests optimum locations for both types of
spoiler controls were obtained.

Another device that has been investigated in an
attempt to provide adequate lateral control for
transonic and supersonic flight is the deflectable wing-
tip aileron. This aileron consists of the entire tip of
the wing and is deflected about a spanwise asis approxi-
mately normal to the plane of symmetry. This type of
control has been investigated on a low-aspect-ratio 45°
sweptback wing in the Langley 300-mph 7- by 10-foot
tunnel. The control in the case of the taiIless airplane
rould also be used as an elevator. Results of this inves-
tigation indicate that this type of control compares
favorably -with conventional controls.

In the Langley free-flight tunnel the dynamic lateral
control characteristics of a model having stepped plug
ailerons on a 330 s-iveptback vring with an aspect ratio of
3 and a taper ratio of 0.5 have been investigated. The
control characteristics of the plug aileroti were com-
pared -with those for flap-type ailerons on the same
model. The results of this study are reported in Tech-
nical Note 2089~and show that the controllability of the
model was more satisfactory with the plug ailerons than
with con~entional ailerons in the high lift range.

In the Langley 300-mph 7- by 10-foot tunnel plain
and stepped spoiler ailerons have been investigated on
a ,siveptback wing. This investigation was primarily
concerned with the effects of spoiler span and spanwise
location on rolling effectiveness. The optimum spoiler-
aileron spanwise location was found to depend on both
spoiler and wing configurations. The results of this
study were correlated with the valuw calculated by
available methods for predicting the effectiveness of
flap-type ailerons.

The transonic characteristics of spoilers have been
investigated on the Langley high-speed 7- by 10-foot
tunnel bump. In one series of investigations data were
obtained on flap-type ancl spoiler-type ailerons on a
series of wings through the transonic range. The
wings utilized in this investigation had an aspect ratio
of 4.0, and 0°, 35°, and 60° of sweep. The spoiler and
flap-type ailerons were also investigated on a 60° swept-
back wing having an aspect ratio of 2.0.
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Rocket-powered-vehicle experiments have been con-
ducted by the Langley pilotless aircraft research
clivision to investigate hinge-moment and control
characteristics of all-movable-tip ailerons on a swept-
back trim-@ar wing. This type of control has also
been investigated on straight and swept wings.

The effectiveness of a tip aileron on a triangular plan-
form -wing with raked-in tip was measured at super-
sonic Mach numbers in the Ames 1-by 3=foot supersonic
wind tunnel. The effectiveness of this aileron has been
compared witl the theoretical effectiveness of a triangu-
lar wing-tip control.

The characteristics of all-movable-tip controls on
pointed v@s with leading-edge svreepback of 60° and
trailing-edge sweepforward of 0° and 30° have been
investigated in the Langley 9- by 12-inch supersonic
blow-down tunnel. In addition to determining the
characteristics of the complete wing conflaggmation,
normal-force and hinge-moment measurements were
made for the control surfaces.

Automatic Stability and Control

Work in this field has been intensified in view of the
dependence of missiles on automatic stabilization and
control equipment, and of the improvements in flying
qualities of piloted airplanes which appear possible
through the use of such equipment. Theoretical
studies of means to increase the damping of the lateral
oscillatory motions of airplanes by use of servo-
rnechanisms’have been extended, and basic stabilization
and control problems of guided missiles have been
studied both theoretically and through the use of
rocket-powered research vehicles.

A method has been derived by the Langley Labora-
tory to determine the effect of time lag in an automatic-
stabilization system of an airplane on the damping and
period of the lateral oscillatory mode of motion. The
method is based on an analytical-graphical procedure.
The critical time lag of the airplane autopilot system is
shown to be readily obtainable from the frequency-
response analysis. The motions calculated for an air-
plane-autopilot system by this method, presented in
Technical Note 2005, were in excellent agreement with
those calculated by a step-by-step procedure.

A theoretical investigation was made by the Lang-
ley Laboratory to determine the effect on the lateral
oscillations of a typical high-speed airplane of an auto-
matic damping system sensitive to yawing accelerations.
The results, reported in Technical Note 2006, indicated
that lateral oscillations can be satisfactorily damped
through the use of this control. The main advantages
of a control of this type are that the time lag in the
automatic control is not a critical factor and that tl~e
control does not oppose the forces applied by the pilot

in any steady maneuvers. l?or the case investigated, it
was f oumd that satisfactory damping COUMbe obtained
if the automatic control lutd a time lag of from 0.10 f,o
0.!28 second. Because of the assumption of a constant
time lag in the automatic control, the theoretical annly-
sis predicts that the automatic cent rol will int roclucc a
higher-frequency mode of motion, which becomes un-
stable with increasing time lag, in addition to the exisb
ing lower-frequency Dutch roll mode of motion, which
becomes more stable with increasing time lag.

Rocke&powerecl-vehicle experiments were conducted
by the Langley Laboratory with a supersonic missile
configuration to investigate automatic stLabilization.
Inforrngtion on the aerodynamic shbi]ity derivatives
and performance also was obttiinecl during flight twits
directed at the development of design methods for roll
stabilization systems.

h agalytical investigation was made by the Langley
Laboratory of a nonlinear automatic pilot utilizing a
mechanical linliage with a dead spot. Comparison of
these analytical results with the resuh.s of roll-simulator
tests of the actual autopilot indicated limitations in
applying linear methods of analysis to systems which
have nonlinear components.

An analysis was made at the Langley Laboratory of
the stabi~ity of a system composed of a subsonic canard
airframe and a canted-axis-gyroscope automatic pilot..
The analysis was based on calculations of the airframe
frequency response and laboratory measurements of
the autopilot frequency response. The results, reporled
in Technical Note 2004, show that this method of unaly-
sis will diet ate system adjustment to obtain the desired
transient response.

In conjunction with automatic-stabilization investi-
gations, the Lm.gley Laboratory has prcsentmi a method
in Technical Note 1964 for the determination of the
frequency-response characteristics of airframes which
utilizes the transient output to a. known W arbitrary
input. Flight-test data obtained by eimplo methods,
such as control pulsing of roclcet-powered models, may
be reduced by this method to give the f rcqucncy
response.

Flying QuaMies

Unusual configurations employed on many modern
airplanes in the interest of increased performance have
intensified flying-qualities problems. Emphasis has
continued on investigations directed at defining i.n
quantitative terms the dynamic airplane characteristics
which are conducive to safe, comfortable, and effective
flight of various classes of airplanes over the ever-
widening operating ranges of airspeed and altihLde
and on means of obtaining satisfactory flying qua] it.ies
without seriously compromising the perform-mce.
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A method of automatically -iarying the effective dihe-
dral of an airplane in tlight has been developed at the
Ames Laboratory, and was employed to determine the
tolerable range of effective dihedrtd on a con-rentional
fighter airplane. It vm.s found that small amounts of
negative dihedral and values of positive effective di-
hedral greater than 20° could be tolerated by the pilots
at both kmding-approach and cruising speeds. In fact,
at Ianding-approach speeds an ef?ective dihedral sufli-
ciently high to produce oscillatory instability could be
tolerated. This investigation is reported in Technical
Note 1936 and in Report 948.

The flying qualities of a conventiona~ transport air-
plane viere measured by the Langley Laboratory as a
preliminary phase of an irrrestigation to determine any
additions or revisions to the flying-qualities require-
ments necessitated by problems associated with instru-
ment landing approaches.

The ellects of elevator power-boost characteristics
on the flying qualities of a medium bomber airp~ane
were investigated in tests involving a booster installed
by the Langley Laboratory. The eilects of variations
in piIots? control-force gradients and in the maximum
rate of cent rol motion supplied by the booster system
were determined. The results indicated that some
deviation from the currently specified elevator control-
force gradienta might be permissible, and that rates of
control motion lower than those normally ernployed
wouId be acceptable.

Experience has indicated that reduction in pilot-
applied rudder-pedal force to the point of zero or
slightly unstable force variations in steady sideslip
would result in a marked deterioration in handIing
characteristics. This point -was studied in flight tests
at the Ames Laboratory of a conventional fighter air-
plane equipped with the normal rudder and with a
rudder -which was modified to give virtually no force
variation in steady sideslip.

A preliminary flight investigation was made at the
Langley Laboratory of the effect on the flying quaLities
of a 6ghter airplane of artificitilly induced changes in
directional damping. The results indicated that the
present requirements for damping of the classical Dutch
roll oscillation generally were adequate for airplanes
with moderately effective dihedral.

A study is being made by the Langley Laboratory of
the ability of pilots to contro~ shmdated oscillatory
airplane motions. As part of this study, the effects
of variations in directional oscillation period and damp-
ing and in rudder control effectivenees have been in-
vestigated by use of a swivel-chair apparatus -which
simulates the directional motions and control charac-
teristics of an airplane.

h irrmstigation vm.s conducted in the Langley free-
flight tunnel to compare the longitudinal flying quali-
ties of a model under conditions of constant thruss with

.-. —

those under constant povrer. The results, presented
in Technical Note 2075~ showed that reductions in con-
stant-thrust static stability caused a decrease in the
longitudinal steadiness (the reaction of the airplane
to disturbances at essentially constant airspeed). When
the constant-thrust statie margin was reduced to zero,
the flight behavior became very poor. For a given
value of constant-thrust static margin, however, no
reduction in longitudinal steadiness -was noticeable as
the constant-power static margin -was reduced. Ii?ven
with negative values of constant-power static margin,
good flight behavior -was obtained as long as the con-
stzmt-thrust static margin was adequate.

Rocket-model techniques developed by the Langley
Laboratory have beem utilized to investigate the flying
qualities of various airplane conilgurations at tran-
sonic speeds. Data have been reported during the ptist
year on a tailless triangular-wing fighter and on a thin-
straight-wing airplane-type model.

A theoretical analysis has been made at the Langley
Laboratory of means of improving the uncontroHed
motions of persona~ airplanes to the point that such
airplanes could be made to fly uncontrolled for an in-
definite period of time without getting into dangerous
attitudes and for a reasonable period of time (1 to 3
minutes) withoui deviating excessi~ely from their
original course. The resuh.a of this analysis, presented
in Technical Note 1997, indicated that the uncontrolled
motions of a personal airplane could be made safe as
regards spiral tendencies and couId be greatl y improved
as regards maintenance of course without r~ort to an
autopilot. Aualysis indicated that, although most pres-
ent-day personal airplanes possess a d.ight degree of
positive spiral stability, they can easily get into dan-
gerous attitudes and deviate excessively from the origi-
nal course in uncontrolled flight because of out-of-trim
moments and insticient spiral stabiIity. In order to
insure even reasonably satisfactory uncontrolled mo-
tio~~, these out-of-trim moments must be a]mos~ en-
tirely eliminated by trimming the airplane in flight,
and by keeping control-system friction 10-w or using
some mechanical system to provide positive centering
of the control. Spiral stabiIity can be increased by
increasing taiI length and/or increasing the vertical-
tail area and dihedral angle simultaneously -without
adverseIy aff ect~~ the flying qualities of the airplane.

In order to determine the more effective maneuver
for correcting the lateral displacement of a large trane-
port airplane from the runway during the fird landing
approach, the amount of possible correction vvas cal-
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culated by the Langley Laboratory for coordinated
turns with limited bank angle and for level sideslips.
These calmdations showed that, for all distances from
the end of the runway, coordinated turns me the more
effective maneuver. At 2,000 feet from the end of the
runway, the correction possible in turns is roughly twice
that in sideslips, and this ratio increases as the distance
from the end of the runway increases. At distances of
less than 1,300 feet from the end of the runway, the
amount of correction with either maneuver is almost
negligible, being of the order of 20 feet or less.

An analysis was made at the Langley Laboratory of
the lateral response to atmospheric turbulence of two
airplanes, one of conventional and the other of high-
performance design. The nature and reasons for differ-
ences in the gust response characteristics were deter-
mined.

At the Ames Laboratory the lateral motions of sev-
eral proposed high-performance airplanes in response
to various gusts and control motions were computed by
means of an electronic analog computer. These air-
plane motions were- examined in the light of recent
flight experience cm dynamic lateral behavior in order
to uncover possible undesirable dynamic characteristics
and to investigate means of eliminating such difficulties.

Spinning ~

Airplane spinning characteristics and control move-
ments required to bring a spinning airplane back to a
normal flight attitude are still of considerable interest
to airplane designers. Although spinning for most air-
planes is an inadvertent maneuver, the airplane must
be designed so that a pilot can bring the craft under
normal control -within prescribed rotational limits once
corrective measures are taken. Spinning and associ-
ated problems have been under continuous study in the
Langley 20-foot free-spinning tunnel.

As a means of evaluating the test techniques” and
methods of interpreting the results of model tests in the
Langley free-spinning tunnel, the results of spin-tunnel
model tests of 60 specific designs have been compared
with the results of full-sc.a]e spin tests. This correla-
tion study has been reported in Technical Note 2134,
These data show that the models satisfactorily predict
full-scale spin and recovery characteristics for approxi-
mately 90 percent of the configu~ations investigated.
Generally, in the spin the models lost less altitude per
revolution, spun at smaller angles of bank, and ap-
proached a 45° angle of attwck less closely than did
the actual airplanes. Predictions of .emergency-
recovery parachute sizes based on results of the model
tests were found to be somewhat conservative,

With controls free, rudders and elevators usually
tend to float away from neutral. This floating tendency

is a function of the type of control surface employed
and can affect the spin-recovery characteristics of an
airplane. Tests were conducged on a series of ruchlers
and elevators to learn more about these floating char-
acteristics in spinning attitudes. The results of this
study, particularly pertinent to designers of light air-
planes, are presented in Technical Note $2016. The
study indicates that the float in.g characteristics of horn-
balanced rudders can be readily adjusted to aid in spin
recovery; plain rudders generally tend to float with the
spin; and plain-overhang-balanced, horn-balanced, and
beveled-trailing-edge elevators tend to float, in an up
position in spins. The study also shows that bevelcd-
trailing-edge elevators tend to float closest to the
neutml,.usually from an up position.

In cimrent airplane designs the use of external fuel
tanks has raised questions regarding the effects of these
tanks on spin characteristics and the possibility of the
tanks striking the airplane if jettisoned in a spin.
These efects were investigated for models of 11 specific
airplanes in the Langley free-spinning tunnel. Tho
results of this investigation showed that, for the de-
signs where it might be necessary to jettison the tanks
to aid spin recovery, the tanks WOUICIclear all pnrts of
the aircraft.

For some airphine designs, it has been found that the
available controls cannot imure ektive spin recovery,
and parachutes have proved an effective emergency aid.
The results of a Spin-tunnel investigation to determine
the effect of minimizing the opening shock of the pm*a-
chute on spin-recovery characteristics have been re-
ported in Technical Note 2051. This study indicates
that the effectiveness of spin-recovery parachutes is
not impaired by the installation of a shock absorber in
the parachute towline, provided the shock absorber dots
not appreciably extend the time required for the devel-
opment of the steady load of the open parachute. It
was also found that increasing the fabric porosity of
the parachute canopy decreased the parachute opening
shock load, whereas increasing the towline hmgth in-
creased the parachute opening shock load.

In addition to these correlation and generalized
studies, many specific configurations have been investi-
gated in the Langley 20-foot free-spinning tunnel. In
one study the spin and recovery characteristics of a cur-
rent high-speed airplane were determined. The eflects
of rudder movement and iudder configurate ions, in con-
junction with movement of the elevd.or for spin re-
covery, were studied, M were modifications to the ver-
tical tail and the installation of external wing tanks.

Another specific investigation was concerned with the
effects of a single vertical ttiil and twin vertical tails
and the effects of mass distribution on the spin-recovery
characteristics of a, fighter-type airplane. The study
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showed that neither tail allovrs effective spin recovery
when the mass distribution is chiefly along the wings;
for mass distribution along the fuselage, either tail
pro-red satisfactory.

The effect of a single verticzd tail and dual -rertical
tails on the spin and recovery characteristics of a tri-
angulzr-wing-airplane confiaaation has also been in-
vestigated in the spin tunnel. In addition to the effects
of changes in -rertical-tail design, the effects of various
loadings were investigated.

Specific Des@ Studies

At the request of the armed services and other Gov-
ernment bodies! the N.ACA has undertaken studies of
specific airplane and missile designs. These in~estiga-
tions were undertaken to supply urgently needed infor-
mation and with a view to amplifying current research
programs in both the airplane and missile fields. In

addition to these specific in-restigations, the WAC.- has
continued its stu&les at its High-Speed F1ight Research
Stat ion, Edwards Air Force Base, 31nroc, California,
with the special re~earch airplanes de-reloped in cooper-
ation with the Air Force? the Bureau of Aeronautics,
Navy Department, and industry. Included in this
group of special research airplanes are the Douglas D-
558-1 and –H, the Bell X–1, and the Northrop X+.

In the case of the D-558–I airplane, a detailed study
of the rolling characteristics of the ailerons was made
over a range of high subsonic speecls.

Tests of the D-55%11 airplanes have been made to
determine the static and dynamic lateral stability and
cent rol characteristics and the static longitudinal
characteristics of the configuration, including stall
characteristics.

During the past year, flight tests of the x-~ research
airplane were conducted to obtain detailed information
on the trim characteristics as welI as detailed data on
Iateral control characteristics at high Mach numbers.
The results of flight tests to determine the dynamic
lateral stability characteristics have been correlated
-with the results of analytical studies.

~sefu] data on the general flying and handling qual-

ities and control characteristics of the .X-4 airplane
were obtained by the NACA during the Air Force and
contractor’s flights through t~le use of NT.4CA instru-
mentation. Also included was some information on the
stall characteristics of the airplane.

At the .h-nes Laboratory, an I?-66 airplane has under-
gone extensi~e flight studies to determine static and dy-
namic stability and control characteristics in the high-
speed range. The investigations have yielded much
useful information related not only to this airplane but
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to general problems associated with high-speed flight.
Tests at transonic speeds have been conducted by the

Langley Laboratory utilizing the wing-flow method
to determine longitudinal stability characteristics of a
moderately siveptback supersonic airplane confia~ra-
tion. Lift? pitching-moment, and roiling-moment char-
acteristics of the semispan model, as well as stabilizer
hinge moments and down~rash characteristics at the

tail, were measured.
The characteristics of a model of a s-wept-wing tail-

1sss airplane were also in-restigated at the Langley
Laboratory by the wing-flow method. The purpose
of this investigation was to determine the longitudinal
stability and control characteristics of this airpkme
conilgnration in the transonic speed range. This inw.e-
tigation covered the eilects of speed brakes and

aila~ators on the model% stability characteristics.
Ih the transonic and 1O-Wsupersonic speed regimes,

the Langley piIot]ess aircraft research division has con-
tinued to employ the rocket-moclel technique to obtain
stability and control data on current high-speed
airplane designs.

Model tests of a current fighter -were conducted in
the Langley high-speed 7- by 10-foot tunnel to deter-
mine the lateral and dhwctional stability characteris-
tics. In addition to the experimental studies, the
dynamic latera~ stability characteristics of the airplane
were investigated analytically.

A comprehensive viind+mnel study has been made
in the Langley 4- by 4-foot supersonic tunnel of the
stability and control characteristics of a model of a 40°
svreptback wing airplane. The study included measure-
ments of static longiMinal as well as static lateral and
directional stability and control characteristics.

Missile configurations have dso been under study in
the Committee’s wind tunnels. At subsonic speeds,
static longitudinal stability and control characteristics
of one specific design hare been in-mstigat ed in the
Langley stability turmel. Another ~ow-speed in-restiga-
tion of a specific missile was conducted in the Langley
ffl-scale tunnel to evahlate static stability and control
characteristics.

Full-scale studies of k missile have been made at
the Ames Laboratory. It was the purpose of this in-
vestigation to aid in the development of satisfactory
lo-iv-speed stability and control characteristics. This
study inclucled consideration of aeroeIastic eflects on
the longitudinal sttibility and control characteristics.

Specific missile studies in the transonic and low-
supersonic ranges have been conducted at the Langley
Laboratory utilizing both the free-fall and the rocket-
model techniques. Theee studies included canard con-
figurations as well as triangdar-wing configgwations

. ..-
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Data on the longitudinal and lateral characteristics
have been obtained.

In the Langley 9-inch supersonic tunnel another spe-
cific missile configuration was studied. The static
stability characteristics of the configuration were deter-
mined for several wing-body combinations.

Research Equipment and Techniques

Solution of the dynamic-stability problems of mod-
ern aircraft having unusual configurations and greatly
increased relative density and the application of ra-
tional design procedures to servomechanism installa-
tions in these aircraft require precise knowledge of the
dynamic-response characteristics of the airplane.
These response characteristics in turn are dependent
upon the accurate evaluation of inclination of the prin-
cipal axes and moments of inertia of the aircraft.

Because of the large errors inherent in the methods
previously used for the determination of these charac-
teristics and since the inclination of the principal axes
was not directly measured by these methods, a new
method has been used for determining the moments
of inertia and the inclination of the principal axes. A
simple system of pivots and springs is used to measure
the moment of inertia about the pitching and rolling
axes, and a torsiona~ pendulum is used to measure the
moment of inertia about the yawing axis. This tor-
sional pendulum is suitable for accurate measurements
of inclination of the principal axes by a “null” method
wherein the airplane attitude corresponding to zero
rolling motion during oscillations in yaw is indicative
of the inclination of the principal axes of the airplane.

SUBCOMMITTEE ON INTERNAL FLOW

An important consideration in high-speed aircraft
design is the efhcient handling of the large volumes of
air required by current and future turboprop, turbojet,
and ram-jet proprdsion systems. To achieve this end,
the study of internal-flow problems has been the subject
for a number of investigations conducted at the NACA
laboratories during the past year, which have contrib-
uted to a greater understanding of air-inlet, exit, and
associated duct characteristics through the subsonic and
into the supersonic speed range.

Nose Inlets

Research has been conducted at both the Ames and
Langley Laboratories to supply information for use in
the design of air intakes suitable for turbine-propeller
types of power-plant installation. These investigations
have thus far been concerned -with so-called spinner
cowlings (cowling and central body rotate with the

propeller). The internal-flow characteristics of ono
such configuration have been investigated at subsonic
speeds over a wide range of the flow parameters, ‘l’ho
pressure-rise and leakage-loss characteristics of tlm
rotating cowling were determined and a method was
derived for determining the pressure-rise characteris-
tics. Another recent investigation of a similar config-
uration in which the cowling was tested in a.stationary
positioq with propeller-blade shank fairings installed
in the inlet passage has shown that a high-etliciency
internal flow can be maintained up to high-subsonic
Mach numbers,

Research on nose inlets at high-subsonic and trmsonic
speeds has been extended to include an investigation of
a series of NACA nose inlets to determine the effect of
a protruding central body. Such characteristics as the
Mach number for supercritical drag rise ancl the min-
imum inlet-velocity ratio for unseparated central body
flow were determined.

Investigation of nose inlets at supersonic speeds has
continued at the Langley Labortitory to study a method
of varying the cross-sectional area of an inlet to permit
more flcient operation over a range of mass flow rates

An investigation at supersonic speeds of a series of
perforated convergent-divergent inlet-diffuser config-
urations has been conducted at the Lewis Laboratory.
A range of contraction ratios utilizing various per-
foration distributions wtis studied to determine peak
total-pressure recoveries, relative mass flows, perfora-
tion flow coefficients, and shock stability 01 the combi-
nations.

One problem associated with air-inlet dewgn is the
unsteady flow or pulsations that. result from subcritical
operation of a supersonic inlet or from rough burning
in a. ram-jet engine. These pulsations lower the
efficiency of the air induction system and create struc-
tural problems. The pulsations associated with tho
rough b~rning of a ram-jet engine huvo been the subject
for a.recent investigation at the Lewis Laboratory. The
effect of these pulsations on the performance of a ram-
jet inlet were determined from supersonic wind-tunnel
tests Instantaneous measurements of the amp] itudo
and frequency of the oscillations were made and tho
mean inlet efficiencies determined.

Side Inlets

Because of the possibility that in certain aircrafb
types the nose inlet cannot be used because of the need
for carrying radar equipment or guns in the fuselngo
nose section, the side inlet for both subsonic and supcr-.
sonic ffight has received considerable attention. Side
irdeta that have been studied include the scoop, partially
submerged, and fully submerged or flush type of inlet.
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4 preliminary low-speed in-restigation has been made
at the Langley Laboratory on a new type of submerged
inlet consisting basicidly of an air scoop within a de-
pression or climple in the fuselage surface. A number
of detailed variations in the design were studiedl in-
clud@ the application of boundary-layer control to
remove the fuselage boundary layer ahead of the inlet.

Research on submerged inlets at the Ames Laboratory
during the pact yem has been concerned principally with
investigations of the flow field in the vicinity of the
inlet. Measurements ha-re been made of the boundary-
layer growth along the ramp surfaces for both pa.rallel-
and di-rergent-vrall inlets and of the vortex originating
from the side walls of the divergent-wall inlets. Tests
of these two submerged-type inlets -were conducted at
subsonic and transonic speeds.

Because the performance of a submerged hdet is de-
pendent on the inlet location on the body, a low-speed
investigation was made in the ties 40-by SO-foot wind
tunnel of a more rear-ward position on a body than those
which had previously been studied.

Another recent investigation of a submerged inlet
has been conducted in the transonic speed range by
utilizing the XACA wing-flow technique. The varia-
tion with Mach number of ram-recomwy ratio -was de-
termined for various mass-flow ratios.

Since submerged inlets may be suitable for use in
turboprop installations, results hare been obtained on
the effects of a propelIer slipstream on submerged-inlet
characterist its.

Several comparative studies of various types of inlets
hare been made during the past year. One such in-res-
tigation has been conducted with an NACA submerged
inlet and a con~entional scoop inlet at transonic speeds
by utiIizing the transonic-bump technique. Drag and
air-induction characteristics -were determined over a
range of angle of attack.

A comparative study has been conducted in the Ames
8- by S-inch supersonic tunnel on three types of super-
sonic inlets. Drag and pressure-recovery characteris-
tics of z twin-scoop inlet configuration were compared
with those obtained for two types of nose inlets at vari-
ous mass-flow ratios and zmgles of attack.

Supersonic aircraft powered -with air-breathing en-
gines will require satisfactory air-inlet operation not
only at the design supersonic speed but also at subsonic
speeds to insure adequate performance in take-off, climb,
and cruising conditiom~. Since the optimum-design re-
quirements for subsonic and supersonic hdets are gen-
erally conflicting, compromises may be necessary. h-
tial studies of the subsonic characteristics of supersonic
inlets have been conducted on a scoop type of irdet whose
geometry was derived from supersonic tests. In this

subsonic investigation, pressure distribution, pressure
recovery, and drag were measured for a wide range of
angle of attack, angle of sidesfip, and mass-flow ratio.
Boundary-layer measurements were made on the fuse- 1:.
~age fi front of the SCOOp, and flOTVvisualization tech-

niques were utilized for observing the flow patterns.
Se~eral current high-speed aircraft utiIize t-win air

—

intakes to duct the flow into a common plenum chamber.
Flow instability and flow reversal have been found to
occur for certain flow conditions in such systems. The
determination of the factors influencing these unsteady
flow phenomena has been the subject for a recent study
conducted at the ties Laboratory. The results~ pub-
lished in ~echnical Note 2049, indicate that the flow in-
stabifit y and flow reversal are functions of the static-
pressure-reco-rery characteristics at the juncture of the
two ducts.

‘Wing InIets
Research has cont~ued on wing leading-edge inlets.

~ practical method for determining the proflle coordi-
nates of an air inlet in the leading edge of an afrfoil
has been formulated at the ties Laboratory. The
lwefdness of this method has been demonstrated by an
analysis of the results of a -wind-tunnel hmest@.tion
of leading-edge inIets on an unswept wing.

The application of leading-edge irdets to swept wings
has also been the subject for a recent experimental inves-
tigation. Pressure distribution, ram-pressure recovery,
and wake-survey measurements have been made orI an
irilet in the leading eclge of a swept wing which com-
pletely spanned the -i@d-tunnel test section. The
vaIidity of the technique for simulating ~lte aspect
ratio has been previously substantiated from experi-
mental teds of a plain swept wing mounted across a
wind tunnel in this manner. These rewdts ha~e been
published in Technical Note 9160.

Duets and lluct Elements

One of the problems connected with the design of
internal-flow systems is the prevention of total-pressure
losses due to boundary-layer separation from the dnct
vialls. .L recent investigation has been conducted at
the Langley Laboratory to study the interrelation of
boundary-layer growth and diffuser performance in
full-scale internal-flow systems at Reynolds numbers
and Mach numbers characteristic of those encountered
in high-speed flight. Tot& and static-pressure surveys
vrere made at the inlet and exit and the ~elocity profiles
obtained in conical dH!&sers for two inlet-boundary-
layer conditions.

In another experimental study of diffusers conducted
at the Langley Laboratory, the aerodynamic charac-
teristics of two types of annnhm diffusers of the same
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area ratio but with different angles of divergence have
been determined at high subsonic inlet velocities. Pres-
sure distributions across the inlet and exit and along the
diffuser wall were determined for two diffusers having
diflering angles of divergence.

Jets and Jet Exits

In designing jet-propelled aircraft, a knowledge of
the spreading characteristics of the jets is important
since the location of the tail surfaces and other com-
ponents must be sufficiently far removed from the jet
stream to avoid excessive heating and structural dam-
age. Recent investigations have been made at the
Lewis Laboratory to determine the boundaries of single
and twin jets discharging through convergent nozzles
into quiescent air. The surveys were made for several
internal-jet pressures and temperatures and for several
spacings of the twin jets. The effects of humidity -were
ak+o investigated.

Although the tail surfaces can be placed so as to be
well above the jet streams for the flight condition, the
jets may be deflected from the runway during take-off
in such a manner as to impinge_g.n parts of the aircraft
structure. A full-scale-engine investigation has been
conducted fit the Lewis Laboratory to determine the
temperature and pressure distributions in the wake of
two adjacent, parallel jets impinging on the ground.

Research is continuing on air ejectors to determine
their characteristics when used as air pumps and as
thrust -a ugment ation devices. An analysis has been
made to determine the nature af ejector action and the
source of its thrust. This analysis, reported in Tech-
nical Note 1958, showed that ejector augment ation of
the thrust generated in a primary-jet passage is created
Ia.rgely by pressure fo~ces on the surface of the converg-
ing secondary passages preceding the mixing zone.

An experimental investigation of the entminment.
tind tl]rllst-tiug]llellt~ltioll characteristics of ejectors
which incorporate annular nozzles has been carriecl out
at Stanford University under an NACA contract. The
results, reported in Technical h’ote 1949, showed that
ejectors with annular nozzles and nondivergent mixing
tubes have negligible thrust-augmentation capabilities,
despite the possession of entrainment characteristics
substantially identical with those of the conventional
ejector with central nozzle. The combination of diver-
gent mixing tubes with annular nozzles was found to
result in very substantial improvement of both entrain-
ment and thrust-augmentation characteristics.

Investigation of air ejectors for pumping engine-
cooling air has continued at the Lewis Laboratory.
Ejector configlmations including variable-area pri-
mary-jet nozzles and two concentric cooling-air shroud
configurations have been investigated.

SUBCOMMI’ITEE ON PROPELLERS FOR
AIRCRAFT

High-Speed PropeUers

The procurement of design information for improvcd
propellers for high-speed aircraft is n primary objcctivo
of hTACA propeller research. The broad program has
included theoretica]j analytietil, and high-spwxl wind-
tunnel-investigations.

An extensive investigation of several single-rotuiion
propellers has been conducted over a wide ra]lgo of
blade angle, for-ward speccl, and propeller rotational
speed in the Langley 8-foot high-speed t,unnel to est:lb-
lish the effects of sweep, Macle-sectiun camber and thick-
ness ratio, and advance ratio. The results of the investi-
gation also give an insight into the type of ~wopellcr
blade loading most suitable for high-specil propellers.
In addition to force tests, wake surveys were made fou
two of the related propellers.

l?orce “tests have also been conducted in the I.anglcy
8-foot high-speed tunnel to determine the clmractcr-
istics of a dual-rotating propeller at big]] spwds.

l?light studies of the effects of Made power loading on
climb and high-speed propeller eficiency were cent in-
ued during the past year with tests of a three-blade
propeller on a radial-engine airplane. The results,
which were reported in Technical hrote 2022, sl]owed
that large efficiency gains accrued from raising thu
blade poiver coefficient from 0.06 to 0,16 at an airplane
level-flight Mach number of 0.7 and at prol~eller.tip
Mach numbers above unity. These increases were
shown to be caused primarily by a reduction in prdile-
drag losses due to operating the Mncle sectiwls nearer
to the condition of maximum lift-drag ratio as the blaclo
power coefficient was increased. In climb, an increase
in power loading vitas shown to reduce efficiency as a
consequence of increased induced drug losses. Pro file-
drag losses were of secondary importance in climb
except where blade stnll was encountered.

Analytical and the.oretieal studies of high-speed
propellers also have been conducted. .4n wmlyt.ical
investigation has been made to ascertain the probable
maximum effic.iellcy levels of propellers ope.roting ai
high-subsonic flight speeds. The results show tlm
effect of blade-section thickness and operd..ing advanm
rat io orI propeller eficiency.

As propeller resenrch is extended into the trgnsomc
speed r&ge, conventional incompressible theory is un-

able to .q]lain rmany phenomena which occur. To servo
as a starting point for the developmwk of a suitable
theory, the axial momentum theory hns been dcrivctl
for a compressible fluid in Technic~l Noto 21M. The
results indicate that the flow pnttern in compressible
flow is considerably different from [he flow pattern in
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incompressible flow ancl that these differences may have
important eifects on propeller operation.

Blade Sections

An extensive investigation is being conducted in the
Langley 16-foot high-speed tunnel to determine pro-
peIler blade-section characteristics by measuring the
pressure distribution o~er se~eral propeller blades rm-
der operating conditions at tip Mach numbers up to 1.2.
These studies will provide important basic information
for the design and performance prediction of propellers
operating at high subsonic and transonic speeds.

Vibration and Flutter of Propellers

Data have been obtained on the aerodynamic excita-
tion of first-order vibration occurring in a representa-
tive three-blade propeller having its thrust axis inclined
to “the airstream in the Langley 16-foot high-speed
tunnel. Calculated -dues of the section aerodynamic
exciting force and the first-order vibratory stresses -were
compared -with experimental values for the tilted pro-
peller. The comparison provided a basis for judging
the operating conditions for which the vibration char-
acteristics of t tilted prope~er can be calculated.

Another propeller vibration in-restigation has been
conducted -with a twin-enginel fighter-type airplane in
the Ames 40- by SO-foot tunnel. Flow-field measure-
ments -were made at one of the propeller phmes before
the propellers were installed. The oscillatory air loads
find vibratory stresses mere measured when the propel-
lers -were operated at seremd angles of inchoation. A
preliminary analysis of the results, presented in Tech-
nical h’ote 9192. showed that both the oscillatory air
load and the vibratory stress could be predicted with
goocl accuracy by use of existing theory.

The flutter speed and flutter frequency were obtained
at the Langley Laboratory for .a one-blade wooden
propeller operating at zero forward ~elocity and at a
range of pressures and blade-angle settings. Results of
the investigation are reported in Technical Xote 1966.
The maximum experimental flutter speeds, which were
substantially lower than predicted by classical flutter
theory, were in the ~icinity of zero aerodynamic mo-
ment and increased considerably in this region with
decreasing air density. The flutter frequency was
found to approach the natural torsional frequency of
the propeller at both large positive and negative blade
angles. Additional details concerning this study are
presented in the section on the Subcommittee on
Vibration and Flutter.

PropeIler Noise

Sound-pressure measurements at static conditions are
reported in Technical Note 2024 for five shrouded pro-

pellers and are compared with those for an unshrouded
propeller of the same diameter operating at approxi-
mately the same povier and rotational speed. The maxi-
mum total sound pressure procluced by a tvro-blade
shrouded propeller -was found to vary approximately
from one-half to twice as much as that for a comparable
undmouded propeller, depending on flow conditions at
the shroud surface.

SUBCOMMITTEE ON SEAPMNES

Hydrodynamics

Hydrodynamic stuclies in the Langley tanks have con-
tinued to provide research data to aid in the de-relop-
ment of high-speed -water-based airplanes -which will
have a minimum of aerodynamic penalty for hydro-
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dynamic performance. Tests were made on unorthodox
shapes as -mlI as some of the more orthodox hdk incor-
porating high length-beam ratio and long af terbodies.
Studies were made to evaluate the effects of a number of
auxiliary Iifting clevices for use in water operation and
fundamental data concerning their behavior -were
obtained.

Landing Loads

HuIIs of high length-beam ratio not only reduce air
drag in flight but also fortunately reduce landing im-
pact loads as weI1. Tests -were made in the Langley irn-
pctct basin of such a hull incorporating 30” dead rise.
The impact results were reported in Technical h’ote
2015 and pressure clistributions were reported in Tech-
nical Note 2111. It was found that the instantaneous
pressures for a given draft, trim, and location on the
bottom are directly proportional to the square of the -
velocity normal to the keel.

A smooth-water full-scale landi~~ investigation was
conducted for the purpose of comparing measured and
calculated wing bending moments during h@rody-
namic impact. The results of this in~estigation were
reported in Technical Note 2063.

SUBCOMMITTEE ON HELICOPTERS

The increasing practical application of helicopters
has emphasized the need for research information which
will permit the development of machines having im-
proved performance and satisfactory flyingg and han-
dling qualities. The res~arch effort of the NACA has=
been directed at supplying this information. Theoreti- ““”-”
cd, flight, vrind-tunnel, and helicopter test-tower studies
are being made at Langley of such problems as the de-
velopment of helicopter rotor airfoils, autorotation of
jet-powered rotors, helicopter stability and control, and
vibration.
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Rotor.Blade Sections

In order to simplify the construction of small metal
helicopter rotor blades, consideration is being given to
the use of a blunt, thick trailing edge. The aerody-
namic penalties resdting from the use of this thickened
trailing edge have been studied using a two-dimensional
model of a modified lW.4C~ 0012 airfoil. The results
are presented in Technical NTote2074. Tests were made
at Reynolds numbers of 3?000,000 and 6:000:000 to deter-
mine the lift: drag, and pitching-moment characteristics
of three airfoil sections formed by removing successively
large portions of the rear of the airfoil section. The
results indicated that the minimum drag coefficient in-
creased for both smooth and rough surface conditions;
with increasing trail ing-eclge thickness, however, the
maximum lift coefficient remained nearly constant for
the smooth condition and increased slightly for the
the rough condition. The position of the tierodynarnic
center was found to move rearward with increasing

trailing-edge thickness.
One of the more promising-of the airfoil sections

designed specifically for helicopter rotors, the NACA
8-H–12? has been investigated in the Langley two-
dimensiomd low-turbulence pressure tunnel at Reynolds
numbers from l,800JXllJ to 11 ?OTO~OOO.The daitij pre-
sented in Technical Note 1998: indicated no unusual
scale effect on lift, drag, or pitching moments in either
the smooth or rough leading-edge conditions.

Rotor Performance

The autorotative rates of descent of conventionally
powered helicopters with normal disk loadings have
proved to be satisfactory to the pilot from the stand-
point of safety and controllability. The a.utorotative
performance of helicopters powered by rotor-blade-tip
jet units, however, presents a problem because of the
high rates of descent resulting f rom the relatively high
drag of the jet units when they are inoperative. In
order to obtain more quantitative information concern-
ing the effects of the power-off drag of the tip jet, the
autorot ative performance of a hypothetical tip-jet-
powered helicopter w:as calculmted for several values
of jet-unit power-off drag coefficient. The analysis
and the results are published in Technical hTote 2154.
It was concluded that the power-off drag of ram-jet
units of current design could cause a marked increase
in the minimum rati of descent of helicopters, but that
the effects of the power-off drag of pulse-jet units giving
power or thrust equal tdhe ram-jet units would be less
severe because of their greater ratios of net power-on
thrust to power-off drag.

Stability and ControI

Because of the increased demand for improvements in
the flight characteristics of helicopters, particularly
the handling qualities, a major effort has been cxerhxl
tcrward the establishment and f ulfillrnent of satisfactory
flying-qualities requirements. The problem was in-
vestigated by obtaining flight-test measurements and
corresponding pilots’ opinions of the f orwud-flight
longitud~al flying-qualities characteristics of several
single-rotor helicopters. The comparison obtained
formed the basis for defining satisfactory longitudinal
flight characteristics, The conclusions reached as a
result of these tests were espressed in the form of hMta-
tive flying-qualities requirements. The results of the
investigation are presented in Technical Arote 19S3.

The fl&ht investigations also showed the importance
of a stability parameter known m rotor damping, the
moment produced by the rotor per unit anguhlr pitel~-
ing or rolling velocity, on the handling qualities of
the helicopter, The subject was investigated theoreti-
cally and the results indicated that present-day helicop-
ters with conventional control systems tend to have low
damping at high speed and in climbs and can even
experience negative damping in certain maneuvers, and
that hig]i-speed, high-powered helicopters and certain
types of convertible aircraft would have prohibitive
amounts of negative damping. The analysis, together
with an experimental check of trends shown with vary-
ing flight conditions, was published in Technical Arote
2136, which also contained suggestions for the avoid-
ance of negative damping through speciml design fea-
tures. The investigation also disclosed the fact that the
assumption that the rotor force vector is at all times
perpendi&lar to the tip-path plane during rolling or
pitching may give highly misleading results when ap-
plied to the calculation of rotor characteristics.

Most of the published literature on helicopter stabil-
ity is written for the specialist in stability theory. For
the nonspecitdist, an explanation of the fundamental
ideas underlying helicopter stability in terms of the
basic physical parameters rather than of specialized
rnathemat ice has been prepared and is presented in
Technical Note 1982. Three primary helicopter-rotur
stability parameters that influence the flying qualities of
helicopters are discussed in funihunental terms. Static
stability of the helicopter and the stick-fixed oscillation
in hovering and forwwrd flight are also discussed in the
same fashion because of their influence on flying
qualities

The results of flight tests made by the Nmvy of a
tandem-rotor helicopter representative of a present
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helicopter design indicated that it was directionally un-
stable at small angles of -pw-. To study and find means
for increasing the directional stabiIity of this helicop-
ter? force tests Imve been made in the Langley free-
fli.ght tunnel on a model of a fuselage-pylon combina-
tion which was representi-re of the tanclem-rotor con-
figuration. The investigation included force tests of
the model with the original tail and with various
modifications to the tail.

An aerodynamic ser-rocontrolled rotor system in
which auxiliary airfoiIs mounted outboard on the blacks
me used to twist the blades in order to achie~e pitch
control has been irrrestigated on the Langley hehcopter
tower. The results, published in Technical Note 2086,
indicated that satisfactory performance and control
characteristics could be obtained by using the aero-
dynamic type of servocontrol, although approximately
6.5 percent more hovering power -was required as com-
pared with a con-rentional rotor of the same diameter
and solidity.

Vibration

A theoretical analysis of the frequency ancl damping
characteristics of the free modes of vibration of bal-
anced, fixed-ended, and hiiged elastic rotor blades in
hovering and in vertical flight has been made b-y the
Polytechnic Institute of Brooklyn under NACA spon-
sorship. This study, presented in Technical hTote 1999,
is further discussed under the section on the Subcom-
mittee on Vibration and Flutter.

The frequency and damping characteristics of the
coupled flapping and lagging oscillations of h&copter
blades in hovering ha-re also been derived for the gen-
eral case in which the laggimg (vertical) hinge axis is
offset from the flapping hinge atisj while both hinge
axes m-e inclined. The ana~ysis and the numerical ex-
amples indicate that si=mificant increases in the damp-
ing of the lagging motions, which ordinarily border on

instability, can be obtained by suitab~e inclinations of

the hinge axes, especially of the lagging axis. Off-
setting the flapping and lagging hinge axes tends espe-
cially to increase the natural Iaggtig frequency.

Research Equipment and Techniques

A suitable hot-wire anemometer was devised and
installed in a helicopter where it has been in use for
1 year. This instrument indicates the forward com-
ponent of airspeed, -whether positive or negative, and is
particularly suitable for the very low airspeeds which
are encountered near ho-rering. .

SPECL4L SUBCOMMITTEE ON THE UPPER
ATMOSPHERE

Study of the semidiurnal oscillations of barometric _
pressure of the atmosphere a number of years ago Ied
to the development of theoretical relations for the cal-
crdation of the free periods of oscillation of the atmos-
phere. In order to provide a measure of the accuracy
of the tentative standard temperature profile of the
upper atmosphere presented in Technical Note 1200,
a theoretical study of the compatibility of the tenta-
tive standarcl temperature distribution with the ob-
served free perioda of oscillation of the atmosphere,
through use of the previously noted theory of atmos-
pheric tides, is being made at the Massachusetts Insti-
tute of Technology under hTACA sponsorship. In
addition? a study using the theory of atmospheric tides
is being made at the Institute for Advanced Study of
the oscillations of an atmosphere in whkh the tempers.-
ture increases Iinecdy with height above 80 kilometers.
The research completed so far as the Institute for
Advanced Study indicates that the classical tidal theory
may be inadequate for this purpose in that it apparently
fails to take into account satisfactorily the variation __
of density in the atmosphere with increasing height.

PROPULSION RESEARCH

WMle aircraft flight at transonic and supersonic
speeds has been demonstrated as being feasible, the
realization of a useful airplane for flight at such speeds
raises many research problems. An important problem
is that of providing impro~ed power-plant performance
in order that the fuel consumption for such flight speeds
may be kept low enough to permit the carrying of a
reasonable amount of useful load. This problem has
been approached through theoretical and experimental
in-restigations for the purpose of obtaining the most
eflicient operation of each part of the turbojet engine.
The Committee is also exploring the possibility of de-
veloping new principles -which will permit smalIer and

Iighter engine components -without sacrificing engine

performance or, con~ersely, which -will permit much
higher performance output from a given size of po-iver-
plant element.

Propulsion research pertinent to supersonic guided
missiles has been conducted primarily on the problems . .
of the turbojet, the ram-jet, and the rocket power plants.
Research has also been conducted on the probIems of

Iomr flight speecls invoMng the turbopropeller and the

compound engine.
NACA ef?orts’ in the aircrafi propulsion field have

been assisted by the Committee on Power Plants for
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Aircraft and its seven subcommittees. Most of the re- tiomd assistance provided by the h’atiomd Bureau of
search discussed in this section has been conducted at Standards and by educational and nonprofit insiitu-
the Lewis Flight Propulsion Laboratory with addi- tions under contract to the NAOA.

COMMITTEE ON POWER PLANTS FOR AIRCRAFT

Engine Performance and Operation

A method of generalizing turbojet-engine perfor-
mance in terms of the engine-pumping characteristics
was developed. The performance was presented in
terms of engine temperature rat.iosj pressure ratios, and
a Reynolds number index in addition to corrected values
of air flow, engine speed, and fuel-air ratio. This pre-
sentation of the engine performance was independent of
the characteristics of the induction or exhaust systems
of the propulsive unit. The method facilitated the esti-
mation of propulsive-system performance with varying
inlet-pressure loeses, inlet temperature, flight speed, or
altitude or with heat addition in the tail pipe (Technical
Note 1927).

A generally applicable and numerically usable solu-
tion of the equations for the equilibrium operating con-
ditions in turbojet engines was made in Technical Note
1956. General trends of the effects of turbine and noz-
zle dimensions, compcrnent efficiencies, permissible gas
temperature, flight ram ratio, and pressure altitude are
immediately discernible, and if the proper descriptive
coetllcients for the engine components are known the
numerical values of performance characteristics of tur-
bojet engines may be estimated.

h analysis was made of the performance and load-
range characteristics of turbojet engines in the transonic
speed range for altitudes from 10,000 h 70,000 feet,
compressor pressure ratios from 2 to 30, and turbine-
inIet temperatures from 1,700° to 2,300° R. The re-
sults, which are reported in Technical Note 2088, indi-
cated that for an engine submerged in the fuselage m~xi-
mum or near-maximum range could be obtained with
compressor pressure ratios of 8 to 10. At the lower alti-
tudes and flight speeds, the turbine-inlet temperature
had only a small effect on ultimate range. At the higher
altitudes and flight speeds, the greatest range was ob-
tained with the highest turbine-inlet temperature.

Current and anticipated aircraft designs impose t-he
requirement for a source of compressed air for pur-
poses of cabin pressurization and air-conditioning, ice
protection, and other auxiliary uses. A method of
fulfilling this requirement in jet-engine aircraft-is by
bleeding air from the compressor-outlet diffuser. This
system has the advantage of requiring no increase in
weight or space; however, b~eeding air from the
compressor outlet will affect the over-all engine
performance.

A method of analysis has been developed for

evaluating the effect on engine performance of Meeding
air from the compressor out leit of a turbojet engine.
The analysis was based on the matching of wq]eri-
mentally determined performance characteristics of the
components of a typical axial-flow turbojet engine. m
results were presented as working chmts applicable to
engines operating in the current, range of temlxwaturee
and pressure ratios, and were found tu check with
experimental da~~~(Technical Note 2053).

Experimental data were obtained from an inve.stiga-
t.ion con-iiucted at the Lewis Laboratory to det.ermine
the effect of nir bleed-off at the compressor outlet on
the per$ormmme of an axial-flow turbojet-engine over
a range of flight conditions, engine spcedsj exhtiust-
nozzle areas, and bleed-off air flows. It w,as found that
bleeding a given percentage of the engine air flow from
the compressor outlet decreased the thrust and increased
the specific fueI consumpticm by about double the per-
centage air bleed.

An investigation has been conducted in the Lewis
altitude wind tunnel to determine the per forman?e rmd
operational characteristics of a gas-turbine-propeller
engine over a range of altitudes and engine speeds. The
effects of altitude, engine speed, and turbine-inlet tem-
perature on engine and component performance and the
effect of varying the power distribution between t.hc
propeller and the jet on engine performance wcro
evaluated. Calculations were also made on the per-
formance characteristics of a ducted-fan power plant
utilizing a typical turbine-propeller engine.

An investigation was conducted in an altitude tesL
chamber to determine the performance characteristics
of a B~titish turbojet engine. ‘1’huell’ects of rarial ious
in altitucle and ram pressure ratio on engine perform-
ance were evnluat cd over a range of engine speeds.

An a~gosyheric effect on a gas-tllrbine engi II(?results
clirectly from the low inlet pressures associated with
high-altitude flight. The low pressures reduce tho
Reynolds number throughout the engine flow passages
and result. in increased viscous losses. Generalized
parameters, which correct the over-all performance
variables for Mach number and density variations, do
not account for Reynolds number effects on the
components.

An investigation of the effect of Reynolds number
on the perf ornmnce of an mxial-flow compressor was
conducted in the Lewis altitude wind tunnel? using an
axial-floy compressor operating in a turbojet engine.
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~’ariations in compressor performance with inlet condi-
tions were obtained by operating the engine over a
range of compressor-inlet Reynolde numbers at. several
compressor Mach numbers. At each compressor Mach
number and Reynolds number, data -were obtained at
two inlet total pressures while the Reynolds number was
maintained constant by changing the compressor-inlet
temperature. The results obtained indicated that the
decrease in compressor efficiency and corrected air flow
with a reduction in inlet pressure at each compressor
Mach number -was caused by a corresponding reduction
in compressor-inlet Reynolds number. The change of
efficiency with Reynolds number was greater at the
lo-wer Reynolds numbers. The performance of two
other compressors, each of a clifferent design, indicated
similar trends with variation in Reynolcls number.

The performance of a specific jet engine was explored
without afterburning, at altitudes from 6,000 to over
50,000 feet and ram pressure ratios from 1.o3 to 1.6,
ushg fixed-area exhaust nozzles and a variable-area
nozzle. Suilicient. instrumentation -was instaIIed to per-
mit the determination of compressor, combustor, and
turbine efficiencies? as TWI1as over-all enagine perform-
ance, The performance of two types of combustors was
also evaluated. High-altitude starting characteristics
of the engine -were determined with fuels of different
Reid vapor pressures. Starting characteristics of an
alternating-current ignition system -were also deter-
mined.

Performance of a turbojet engine with ten after-
burner configurations was determined at simulated alti-
tudw. Eight of these configurations were studied in

an attempt to obtain adequate shell cooling without
sacrificing high-altitude performance. A continuously
variable exhaust nozde was used for all afterburnhg
operation. Both engine and afterburner mere con-
trolled by an integrated electronic control.

A knowledge of the eflects of atmospheric conditions
on engine performance is essential to the prediction of
engine performance at a desired flight condition from
data obtained at a different fight condition. & part
of a broad, general program, the etTects of humidity
on turbojet-engine performance have been investigated.
These tiects are generally -rery small, but under hot
humid conditions thrust losses from humidity efFects
alone may reach four percent. The results of this in-
vestigation have heen published in Technical N=ote9119.

The initial phase of a free-fight investigation of a
series of constant-diameter ram-jet engines has been
completed. Data on engine thrust, drag, diffuser efi-
ciency, combustion eficiency, and comb~tion s~bfity
ha-re been obtained over a range of free-stream Wch
numbers.

An investigation of a full-scale ram-jet engine in an
95664-514

altitude test chamber at. a supersonic flight Uach num-
~er of 2.0 and high altitudes was conducted. Included
in the investigation -was a study of the effects of flame-
holder geometry on combustion performance.

An investigation was conducted on a single-cyIinder,
four-stroke-cycle, liquid-cooled test engine, using fuel
injection into the engine cyIinder and spark ignition, to
determine the effect of valve overlap and compres&on
ratio on variation of enagine power and specific fuel
consumption with exhaust pre.wure. From data of
this investigation, performance calculations were made
for a compound power plant, assuming a system in
which a steady-flow turbine and compressor are mounted
on the same shaft and the turbine power not required-
for supercharging is returned to the engine crankshaft
through gears. The purpose of these calculations was
to determine the optimum compression ratio and vahe
overlap for a compound-engine system consisting of a
spark-ignition reciprocating engine and an cd-must gas
turbine (Technical Note S?025).

The effects of the enaginc and coolant variables on the
cylinder-head temperatures and coolant heat rejection
of a 1650-cubic-inch-displacement, Liquid-cooled engine
have been extensively investigated and the data have
been correlated with the pertinent engine and coolant
variables (Tecl&ical 3Tote 2069).

SUBCOMMITTEE ON AIRCRAFT FUELS

During the past year research on fuels for turbojet-
povvered aircraft has been directed to-ward the achie-re-
ment of maximum fuel availability, maximum flight
range, and maximum engine rdiability. The selection
of fuels on the basis of these factors has necessarily
involred studies intended to show how such fuels might
be adapted to current power pkmts and power plants
considered for the future. In these studies, the ~greatest
emphasis has been placed upon combustion-efficiency
impro~ements~ the elimination of carbon deposition! and
satisf actory starting at sea le_reland altitude.

Fuel Characteristics

Early in-restigations conducted in the N.&C.& labo-
ratories indicated the extent to which fuel volatility
affects starting and combustion efficiency in engines of
current. design. Current investigations at the Lewis
Laboratory are being conducted to show the influence
of volatility of prospective fueIs on these factor% The
results obtained to date indicate that less-volatile fuels
are more difficult to ignite in an engine; ho-ive-rer, the
ease of starting can be impro~ed by altering the meth-
ods of injection.

Studies of combustion efficiency and carbon deposi-
tion indicated that Chade JP–3 fuels or lovr-vapor-pres-
sure fuels derived from JT-3 fuehi behaved in a manner

—

..-
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consistent with that of other fuels; that is, combustion
efficiency decreased with decrease in volatility and car-
bon deposition was more severe with fuels of low
volatility.

Considerable emphasis is now being placed upon high-
density fue~s as a possible means of extending flight
range. Fuels of this type have high eneragy contents
per unit volume and are being considered for high-speed
volume-limited aircraft where fuel storage space is
small. In general, high-density fuels tend to form car-
bon in engines, to burn at low efficiencies, and to be more
difficult to ignite. Methods of improving the perform-
ance characteristics of these fuels are now being
investigated.

Availability of Fuels

For the past eeveral years, the NACA Subcommittee
on Aircraft Fuels has been concerned -with the problem
of selecting the type of fuel that will be available in
maximum quantities in the event of a national emer-
gency. As a result of the early deliberation of the sub-
committee, the tentative characteristics for a fuel of
maximum availability were established. Fuels con-
forming to these characteristics were later evaluated in
engines of current design.

The most critical problem that has arisen to date with
the use of this fuel is the loss during high-altitude flight
and in rapid climb of the volatile components from the
fuel through the aircraft tank vents. The occurrence
of these losses has resulted in suggestions that the 7.0-
pound-per-square-inch vapor pressure proposed in the
tentative specification be reduced. This reduction
-would cause some reduction in the over-all availability
of the fuel. .4 reduction in the vapor pressure also af-
fects the performance of a fuel in an engine; conse-
quently, investigations have been conducted at the
Lewis Laboratory to ascertain the magnitude of these
effects.

Smoking Characteristics and Carbon Deposition

Carbon-deposition investigations are difficult and
costly to conduct in turbojet engines. An effort -was
therefore made to develop a satisfactory and economi-
cal laboratory method which would permit the predic-
tion of carbon-forming tendencies of fuels. As a re-
sult of these studies, a test method was devised that cor-
related well with engine studies,

Fuel Synthesis and Analytical Chemistry

Concurrently with the engine evaluation of fuels for
aircraft power plants, synthesis work was continued to
provide, for the engine studies, fuels that are unavail-
able commercially, The preparation of fuels was re-
stricted to compounds having high densities inasmuch

as these materials offer the greatest promise of high
energy content per unit volume. Physical properties
of all synthesized materials were determined in the
Lewis Laboratory and correlations were found relating
physical properties and molecular structure (Technical
hrote 208”1). Relations of this type have been quite use-
ful in the prediction of properties of new compounds
and in this way serve as guides for future synthesis
projects.

When new synthesis techniques or compounds are de-
veloped from this research which are applicable to fields
other t]>an aviation the results are published in the
chemical journals. Two papers were published in ho
Jonrnal of the American Chemical Society during the
past year, one dealing with the preparation of dicyclic
hydrocarbons and the other with the reduction of
met.hyIcyclopropylketone to methylcyclopropylcarbinol.

Analytical-chemistry facilities have been used in the
past year to de~’ise new procedures for analysis of fuels
used in turbojet-powered aircraft. Some cd these fuels
are sufficiently different from gasoline so that analytical
procedures previously developed on gasoline are not
suitable for these jet fuels.

Fundamental Fuel investigations

Through the year, the applied fuel rcsemch investi-
gations were supplemented by stuclies of fundarnent d
fuel characteristics. I?lame speeds were determined for
a number of pure hydrocarbons that occur in fLIels de-
rived from petroleum. The study, though not com-
plete, represents the most extensive investigation of its
kind conducted to date.

ln addition, one project-was comluct.cd to provide a
better understanding of the mechanism of flamo propa-
gation. This project dealt with the travel of flamo
through carbon-monoxide-air mixtures and tho part
played by active radicals in the promotion of com-
bustion.

SUBCOMMITTEE ON COMBUSTION

Effect of Operating and Design Variables on Com-
bustion

Combustion research is closely intcgmted with fuels
research. The fuel is one of the mnjor vnrid.des of the
problem but there must also be taken into account the
many additional -rariables introduced by gas-t urbim
and ram-jet engine configurations m well as by the per-
formance and operational requirements. These fackws
alone introduce many additional combustion research
problems. The gas-turbine engine requires that the
combustion of the fuel proceed in a stable manner with
high efficiency over a, wide ra.ngo of conditions of air-
plane alt.it.ude and spwd. The output of hot gas from
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the combustion chamber must be closely controlled and
stay within given Limitations of temperature and ve-
locity. The requirements of the ram-jet power plant
are quite similar to those of the gas turbine. Research
has been continued toward the objective of improved
combustion in turbojet and ram-jet power plants, with
emphasis being placed cm the desiagn factors that lead
to optimum performance..

Studies ha.~e been made of the influence of design
variables on the performance of turbojet combustors as
part of the required effort to achieve stable and efficient
combustion at high altitude. One such in~estigation
compared the performance characteristics of two very
different can-type combustors and represents a step in
the determination of the factors of combustor design
that influence the combustion process.

Research investigations have been conducted to de-
termine the optimum method for introduction of air to
the combustion zone. The fist of these studies -was in-
tended to illustrate the effect of primary and secondary
air distribution on radial exhaust-gas-temperature dis-
tribution. The data obtained indicated that changing
the design of the combustor -wall will permit. control of
outlet-temperature dktribution. This control of tem-
perature distribution prolonga turbine life and permits
more power and e%iciency in engine operation.

Subsequent to these investigations, a combustor was
designed -with these changes and, at the same time, pro-
vision was made for proper distribution of dihltion air
in the combustor. In a performance investigation with
this configuration it was found that the new- design
permitted improved altitude operational limits and im-
proved combustion efficiencies in critical operating
ranges. Temperature distribution at the combustor
outlet was satisfactory.

Connected-pipe and supersonic free-jet studies of a
ram jet -were conducted in the Lewis altitucle wind tun-
nel to provide information on the interrelation between
supersonic diffusion and combustion. These experi-
ments showed that for 1O-Wsupersonic Mach numbers
and for medium altitudes ram-jet pulsations and their
undesirable influence on engine performance can be
considered negligible.

Irrwstigations have dso been conducted to determine
the influence of desiagn factors on performance of ram-
jet engines. Compact, highly efficient combustors with
high heat-release rates are required for effective engines.
In such an investigation, three types of flame holdera
were studied and the re~ation of the ffame-holder posi-
t ion to the fuel-injector position was eraluatecl.

Because the high temperatures encounterecl in ram-
jet and tail-pipe cornbustors seriously weaken or even
destroy the combustion-chamber walls, techniques of
cooling must be carefullv inwsti~ated. h analtiical

study -was completed in which temperatures of the com-
buetor -walls were determined as a function of the com-
bustor operating conditions and the coolant flow, for
combustion chambers cooled with an annular coolant
passage around them. In addition, a method for the
approximation of temperature distribution in combus-
tion-chamber coohng passages was de-reloped and re- ___
ported in Technical Note 9067. .& part of this prob-
lem, it. -was found that a working chart based upon this .- .—
method simplifies calculation of pressure drops across
the cooling passages.

Another study was made of four combustion-chamber
configgmtions in a large-diameter ram jet. The ob-
jective of this investigation was to determine -what con-
figuration -would provide performance equal to the de-
sign requirements for this particu~ar ram jet. One of
the cofia~rat ions permitted smooth operation over a
wide range of fuel-air ratios -with high combustion efE-
cienc-y. The rnaatitude of the fuel-air-ratio range and
efficiency fuKilled the design requirements.

One means of increasing turbojet-engine performance .-
is by the use of tail-pipe burners. Proj@s on tail-
pipe burners were concerned primarily with the deter-
mination of the optimum tail-pipe-burner configuration.
It was found that certain burner designs ga-re large in-
creases in thrust over the original turbojet-engine
thrust..

Effects of Stream Variables on Combustion

An investigation to e-raluate a simplel lightweight,
interred-regenerative fuel preheating system -was con-
ducted. Data obtained at simulated subsonic sea-level

.-

flight conditions indicated that useful fuel preheat tem-
peratures -were approached -within two minutes after
burner ignition. Pressure losses caused by introduction
of the preheater in the cumbuetion chambers were found
to be small.

Kinetics of Rocket-Engine Reaction

Theoretical calculations of rocket performance have
been continued and a tabulation of the thermodynamic
fmctions has been published for use in analyais of air-
craft propuIeion systems (~echnical hTote 2161).

.1 theoretical study was made of a method of increas-
ing rocket performance by means of increased chamber
pressure and expansion ratio. The results indicated
that the increased impulse accompanying an increase
in combustion-chamber pressure is almost entirely
caused by the increased expansion ratio through the
nozzIe.

In 1949 the first research program on rocket starting
under low-temperature conditions was undertaken in
this country. ~everal propellant-oxichmt combinations
were found to iatite satisfactorily.
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SUBCOMM1’ITEE ON LUBRICATION AND WEAR

Bearings Research

A preliminary investigation was conducted to de-
termine expm’hnenta]ly the operating characteristics of
the three types of turbine roller bearing currently used
interchangeably in an aircraft gas-turbine engine. Tho
main difference in the bearing assemblies is in the cage
construction. Significant differences exist in the oper-
ating characteristics of the bearings investigated.
These differences become more apparent at very high
speeds. Although all three roller-bearing types are at
present used interchangeably in some aircraft gas-tur-
bine engines, a greater factor of safety may result under
critical conditions if the turbine roller bearing of these
engines -was restricted to the one-pisee, inner-riding
cage-type bearing because of its more reliable perform-
ance (Technical Note 2128).

Sliding Friction

~ study was made of bearing materials composed of
various amounts by weight of molybdenum disulfide
(up to 35 percent), silver, and 5-percent copper. The
materials investi@ed were lubricated by a transfer of
solid lubricant (molybdenum disulfide) from within the
structure of the rider (ball) to the interface between
rider and slider. This transfer resulted in the forma-
tion of an effective h~bricating film (Technical Note
2027) .

Decomposition films formed by heating surfaces to
which several mmmon synthetic a]~d petroleum lubri-
cants have been applied were studied to determine the
effects of such films on friction and load capacity of
surfaces. A typical example of the formation of such
films is folmd in the turbojet engine -where turbine-
bearing temperatures may be high enough to cause de-
composition of the lubricant. In general, the films were
beneficial to slider surfaces with regard to friction and
load capacity when compared -with dry, clean, steel sur-
faces. Friction values with the film materials were in,
the same general range of values as those obtained in
boundary lubrication with the original fluid lubricants
(Technical Note 207’6).

Fretting Corrosion

An experimental investigation using microscopic ob-
servation of the action was conducted to determine the
cause of fretting corrosion. The observations and the
analysis led to the ccinch~sions that fretting corrosion
was caused by the removal of finely divided and ap-
parently virgin material due to inherent adhesive
forces. The fretting corrosion of platinum, glass,

quartz, ruby, and mica relegated the role of oxidation
as a cause to that of a secondary factor (Technical
Note 2039).

SUBCOMMITTEE ON COMPRESSORS

Aerodynamics of Compressors

In attempting to reduce t’he f uel consumption of turb-
ojet engines at tmmsonic and su]>ersonic flight speeds,
the reduction of size and weight of the power pIant is
important. Reduced size and weight for the same power
output can be reflected by reduction of airplane sizq
thus reducing the thrust required, or by provision of
more capacity in the same airplane for additional fuel.
Since the” compressor and the combustion chamber of
the turbojet engine are the principal elements in deter-
mining the frontal area and length of the engine, m-
researchproblems on increasing their output or conversely
reducing their size are of direct importance. Compres-
sor research has been continued with emphasis on the
aerodynamic problems of compressing air in n com-
pressor of minimum f rontal area, minimum length, and
minimum complexity.

The theoretical approach to the aerodynamics of com-
pressors-has been concentrated on obtaining a working
kno-ivledge of the flow phenomena associated with the
compressor and its operating conditions. A theory for
analysis of the three-dimensional, nonviscous compres-
sible flow in compressors has been developed in which
only the average ffow conditions are considered in i.ho
circumferential direction. The method is being applied
to determine the effects of velocity distribution, hub-
and tip-radius variation, and compressibility on the
flow in a single-stage axkI-flow compressor. The re-
sults obtained thus far have shown that methods pre-
viously used for estimating the meridional streamlines
gave resy]ts that were approximate ely correct..

A method has been developed for the analysis of com-
pressible flow in tl~e meridional plane of mixed-flow
compressors of arbitrary design (Technical h’ote 2165).
This solution involves the adapt~tion of the stream-
filament theory and numerical integration of tho result-
ing equations that govern the flow. The method was
applied to an impeller that had been experimenhdly
investigated and the validity of the theoretical method
was shown by the correlation of tl~e mmlytical and ex-
perimental results. Adverse velocity gradients that
existed on the impeller hub and slwoud surfaces are
indicative of flow separation and consequent losses witll-
i~ the irnpeI1er passage.

Using the assumption of linearized pressure-volume
relation, a solution of the problem of designing cas-
cades for a given turning and prescribed velocity dis-



REPORT XATIONAIJ ADVISORY COMMITTEE FOR AERONAUTICS 35

tribution along the blades in a potential flow of a com-
pressible fluid was obtained (Technical Note 1970).
This method has been extended to include the design
of cascades with suction slots in the blades for boundary-
layer control.

Representative compressor blades of aspect ratios
of 1? 2, and 4 Imve been tested in a low-speed cascade
tunnel with solid and porous tunnel vraIlsto determine
the effect of tunnel cotiguration and testing technique
on the performance of the blade sections. The resuh
presented in Technical Note 202S show that, althongh
two-dirnensional flow couId not be established in any of
the solid-walI cascades, two-dimensional flow -was ob-
tained in aII he porous-mall cascades irrmstigated. The
resndts presented for a typical turbine blade section
show no advantage in the use of porous walls for testing
easeades through which a pressure drop occurs.

The general theory and method presented in Report
935 for determining two-dimensional compressible flow
in turbomachines with sonic flow surfaces have been
applied to centrifugal compressors with straight blades
(Report 954). The results of this analysis have shown
that for straight blades adverse flow conditions existed
along the flow path and indicated the desirability of
blade designs that incorporate improved velocity
distributions.

An investigation of the eflect of boundary layer on
the losses incurred in an afial-ffow compressor stage
was conducted in a three-dimcmsional vortex-generating
static cascade. Results of this investigation showed the
largest losses to occur at the hub and tip sections of
the blade. With a reduction of Re~olds number, the
smaI1est increase in 10SSwas obtained at the hub. The
boundary-layer movements determined in the static cas-
cade -were found to be similar to those obtained for
rotating blades. It was indicated that the effects of
centrifuging the boundary layer are of secondary
importance.

An investigation has been made to determine the pos-
sibilities of obtaining high pressure coefficients by using
a constant pressure, high-turning> axial-flow, impulse
compressor rotor. utilizing low-speed cascade-tunne]
data, a rotor -was designed to produce a turning angle
of 75° and a pressure coeilicient of 9.40. Low-speed
experimental results showed that the rotor approached
the design assumptions.

An in-restigation to determine the performance char-
acteristics of high-presmre-ratio axial-flow compressor
stages -WSSmade using a complete single stage designed

on the basis of the latest available two-dimensional
high-speed cascade data. A total pressure ratio of 1.5
for the single stage vvas obtained at an efficiency of 0.s9.

A study of high-ma=-flovv-capacity inlet stages of

multistage axial-flow compressors -was made to deter-
mine the dlecte on performance of high inlet axial
ve@ities. It was found that increased inIet axial
velocities resrdted in an improved rapge of operation
and increased mass-flow capacity, while maintainhg
high etliciency and good pressure ratios per stage.

An investigation has been conducted to establish the
performance of a high-pressure-ratio multist age axial-
flow compressor designed for turbhe-propel]er engine
application. The results indicated that boundary-
layer build-up in the latter stages of a high-pressure-
ratio compressor of this type adverseIy affects the com-
pressor performance. &alysis of the data has indic-
ated methods for preventing the deviations from
design flow assumptions and for improving compressor
performance.

An analysis of interstate flow data obtained from
a medium-pressure-ratio multistage axial-flow com-
pressor has indicated the importance of blade wakes
and boundary-layer formations on the performance of
the compressor. It -was found that, because of the
desi=gn procedures used, the third, fourth, and fifth
stages -were stalled and that the flow separated at the
hub sections when the compressor -was operating near “- -
the surge point.

A large research compressor, which was designed for
obtaining detailed internaMlow measurements in ro-
tating impeller passages, has been investigated at a tip
speed of 500 feet per second. Theoretical studies of
flow in this impeller indicated an eddy formation on the
driving face of the blade; the experimental data, how-
e-ierj showed no evidence of this flow condition. The
experimental data indicated that flow separation existed
on the traili~~ face of the blade -which resulted in an
increase in velocity and piling up of the air on the
driving face and a decrease in velocity on the trailing
face. The clata are being analyzed to determine the
factors causing this ffow separation and the deviation
from design theory.

An investigation of the performance of an axial-
discharge mixed-flow impe~er in conjunction with
supersonic-d~ffuser cascades has been made. The re-
sults of these tests showed that. the choking occurred
in the cliffuser blades at a weight flow considerably
lower than the impeller desi=w weight flow, which ad-
versely affected the over-all compressor efEciency and
pressure ratio. Deviation from design conditions re-
suked from the low supersonic 31ach numbers and flow
distribution at the compressor outlet and boundary-
layer build-up in the diffuser.

The potentialities of the supersonic compressor hav-
ing supersonic flow throughout the rotor have been
known: ho-rrever. the lack of information on the prob-
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lems of supersonic turning and diffusion and of inter-
ference effects retarded experimental investigation of
this compressor type. Recent investigations have
added to the knowledge of supersonic diffusion, and
preliminary tests of supersonic turning passages have
indicated that the basic flow problems can be solved.

An analytical investigation o.f the performance and
of the liade design problems indicated that compression
ratios of 6 to 10 per stage can be obtained at reasonable
adiabatic efficiencies. An experimental investigation
was made at an inlet Mnch number of 1.71 of a series of
four 90° supersonic turning passages, designed by the
method of characteristics. The losses were measured
in relation to the inlet stagnation pressure. The small-
est loss was obtained in the passage in which separation
on the convex surface was minimized by the introduc-
tion of a favorable pressure gradient. Tests were also
made to determine the mixing losses behind the trailing
edges of a two-dimensional cascade of three 90° super-
sonic turning passages at an inlet Mach number of 1.81.
The average turning angle was within 1 percent of the
design value. Of the total loss, approximately 5 per-
cent is chargeable to the mixing process downstream of
the trailing edges.

An axial-flow compressor rotor desi~=ed for super-
sonic flow throughout the rotor and with a normal shock
in the stator was investigated. A high rotor pressure
ratio was obtained with uniform flow conditions ap-
proaching the design values existing at the inlet to the
st.ator. This favorable air-flow distribution should
simplify the stator design problems

A supersonic axial-flow compressor previously in-
vestigated without inlet guide vanes was operated with
a set of inlet guide vanes desiawed to improve the dis-
tribution of the inlet air so as to give relatively the same
Mach number from hub to tip at the compressor inlet.
The use of these inlet vanes resulted in an increase in
mass flow, and a decrease in maximum pressure ratio
and efficiency. The use of inlet guide vanes incrwwed
the flow separation in the compressor and resuh.d in
poorer diffusion behind the normal shock. It was in-
dicated that the unsteady flow field created by the inlet-
guide-vano wakes is a significant factor that must be
considered in supersonic-compressor design,

Mechanical Aspects of Compressors

The effect of blade-surface finish on the performance
of a single-stage axial-flow compressor has been deter-
mined using blades having machined and hand-filed
finishes. Analysis of the performance data showed the
extent to which variations in blade-surface finish had
effects on compressor- ~formance. Results of this
etudy will be used in determining manufacturing tol-

erances. on blade finishes and sl~ould rcduco blade-
fabrication cost and time.

An investigation has been made to determine tlm
losses in pressure that result from blunt leading edges
on supersonic compressor blades.

The vibration characteristics of several symtne.tricnl
ball-root-type blades, simulating the mass and the nat-
ural fregyency of axial-flow-compressor blades, m’ere in-
vestigated under various mounting conditions by sub-
jecting them to controlled periodic excitation rmd
centrifugal loading. Looseness of blade mounting re-
duced vibration amplitude at moderate rotor speeds,
but lost its effectiveness as centrifugal force effectively
tightened the blades at speeck comparable with normal
turbojet-engine speeds.

SUBCOMMITTEE ON TURBINES

Aerodynamics of Turbines

As in tile case of the other components of tha turbojet
engine, research on turbines has been aimed at the sohl-

tion of problems of improving turbine performance for
application to transonic and supersonic aircraft. ._Tur- _
bine research problems also include turbine cooling as
well as those of heat-resisting materials which will be
cliscussed in a later section.

A theoretical aerodynamic investigation of the tlwee-
dimensional flow in a typical single-stage gas turbine
has been conducted to determine the effects of blade
loading, radial component of Mncle force, and conqms-
sibility. This analysis is being extended to determine
the variation of the state of the gas in the c.ircumferen-
tial direction,

The application of the wire-mesh plotting device to
predict the flow pattern about a casmde of airfoils in
incompressible inviscid flow is discussed in Technical
Note 2095. The use of this device for the design of a
cascade %th a prescribed pressure distribution is also
discussed. The results obtained for two typical tur-
bine-blade cascades compare well with experimental
data, and several analytical checks of the accuracy of
the results are presented.

An experimental study of subsonic turbine blades
operating at supercritical pressure ratios necessary for
high-power output showed that subsonic turbine l.hdcs
can be satisf actorily used for high-power output, which
results in supersonic velocities at the Made exit. The
power output from gas turbines may be increased con-
siderably by the use of supersonic velocities within the
machine, In order to evaluate design methods for
supersonic turbine blades, three blade profiles have been
designed for investigation in a two-dimensional turbine
cascade rig.
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Thermodynamics of Turbines

A comprehensive research program is being con-
ducted to determine methods of adequately cooIing tur-
bine bIades. The immediate objective is to eliminate
the use of strategic materials from gas-turbine engines.
The ewmtwd research objsctire is to provide methods
for building cooled turbines capable of operation at
high gas temperatures in order to realize large gains
in turbine-engine performance.

In order to attain these objectives, experimental re-
search is under way to determine the heat transfer,
coolant fiow~ and performance characteristics of cooled
turbines. Aalyses are being simultaneously made of
the gas flow about the blade, of the coolant flow through
the blade: and of the cooled turbine-engine performance
in aircraft installations.

An analysis was made by means of which blade-
surface heat-transfer coeflic.ients may be predicted. A
system of generalized equations for the lmninar bound-
ary layer -with heat tranaf er has been derived. A
formula has also been derived for average surface co-
efficients where the boundary layer is partly laminar
and partly turbulent.

-ibalytical methods for the determination of local
-ralues of outside and inside heat-tram~fer coefficients
from measured turbine-blade temperatures have been
de-reloped.

The theory for temperature distribution of air-cooled
turbine blades has been summarized in a report con-
taining analytically determined equations for obtain-
ing spanvrise temperature distribution for air-cooled
hoIlow, insert, and internally finned turbiie blades.

An analysis has been made of the air flow through
rotating-blade coolant passages of an air-cooled turbine.
The simultaneous effects of area change, wall Wlction,
heat. transfer, and rotation were included.

Air flow through porous material offers a good possi-
bility for turbine-blade cooling. Generalized bo~d-
ary-layer equations are being applied and a method is
being devised for estimating heat transfer and friction
with porous cooling for blade profiles of arbitrary shape
for the larninar range.

Llquicls, because of their better conductivity, are more
tiect.ive as coolants than gases. Cooling effectiwmess
can be further increased by utilizing the large free-
eonvection currents generated by centrifnga~ forces in
rotating turbine blades. A theory for the turbulent
boundary layer in natural-con~ection circulation, -which
critically affects the desia~er% choice of coolant-pas-
sage diameter-to-length ratio and blade coolant.-passage
contlguration, has been developed.

Experimental data on heat transfer from hot gas to
a cascade of cooled impuke blades were correlated by

the A’usseIt equation with the fluid properties of the gas
based on blade-wa~ temperature. An average pressure
and velocity distribution around the blade was used.
.AU available cascade data were correlated in an identi-
cal manner to provide a comparison on a common basis.

An imrestigat.ion was conducted to determine vaIues
of recovery factors at local positions around turbine
blades. These values are required to determine the ef-
fecti~e gas temperature, or tha temperature that must
be used for calculat.ing the heat transferred to the tur-
bine blades. Results indicated that for a giwn local
Mach number the recovery factor remained unchanged

.-

regardless of the position on the blade.
An investigation is being conducted on an aluminum

forced-cmmection+ircrdation and a steel natural-con-
vection-circulation -water-cooled turbine. B1ade-t~
coolant he&transfer coefhcient.s and pumping losses

..—_

have been cletermined for both turbines. Pumping
10SS* mere found to be small in both turbines. Gas-to-
blade-surface heat-transfer coefficients ha~e also been
obtained on the aluminum turbine. correlation of the
outside coefficients on the aluminum turbine aamed
within 10 percent with static-cascade redts and indi-
cated the possibility y of using readily obtainable cascade
hes.t-transf er data in designing cooled rotating turbine
blades.

Turbine Staaging

An experimental i.rrrestigation of the first stage of a
two-stage turbine dssi=gued to produce free-vortex flow
-ma undertaken to determine whether the design
method produced the expected characteristics and to
obtain data for matching the second stage -with the first.
The results indicated that the rdiaI distribution of
total pressure at the stator and rotor outlets -was con-
stant: as expected, over the major portion of the radial
distance, although the radial distribution of outlet flow
angle did not correspond f ul]y to that expected for a
free-vortex velocity distribution (Technical Note 2107).

SUBC031111TTEE ON PROPULS1ON-SYSTE31S
ANALYSIS 8

Comparative Performance of Various Engine Cycles

The optimum combination of compressor pressure
ratio and turbine-inlet temperature was determined by
analysis, on the basis of Ioad range.> for the turbojet
engine in the transonic speed ranam. Lift-drag and
structure-to-gross--iveight. ratios of the aircraft and the
efficiencies of the engine components assumed for the
analysis are representatives of the best values obtained
either in practice or in Laboratory in-restigations. Ef -
fects of the variation, with flight conditions and engine
operating variables, on the thrust per square foot of
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engine frontal area, specific weight, thrust specific fuel
consumption, ultimate range, and range with various
pay loads have been analyzed (Technical I!Tote2088).

Thrust Augmentation

Analytical and experimental investigations of vari-
ous methods of thrust augmentation of turbojet engines
have continued. An analysis of the effect of design
and operating variabkx on the performance of the tail-
pipe-burning, water-injection, and bleed-off methods of
thrust augmentation was made (Technical Note 2083).
In the bleed-off method, air bled from the compressor
outlet and burned in an auxiliary burner is replaced by
water, which is injected in the engine combustors. Ex-
perimental verification of the thrust and liquid con-
sumption, amdytically determined, for the bleed-off
cycle has been obtained. Nfet.hods of analyzing the ef-
fects of water injection and the results of and investi-
gation to determine turbojet-engine performance with
water injection over a wide range of ffight Mach num-
bers and altitudes are reported in Technical Tfotes 2104
and 2105. The results showed that the thrust augmen-
tation increases rapidly as the hlach number is increased
and decreases as the altitude is increased.

The effect of inlet-air temperature and humidity on
thrust augmentation produced by injection of -water and
alcohol at the inlet of a centrifugal-flow-type turbojet
engine has been experimental y investigated. Experi-
mentally observed effects of water injection at the cen-
trifugal-compressor inlet on the compressor perform-
ance were used to compute the effectiveness of water in-
jection for augmenting the power of turbine-propelIer
engines.

An investigation of ‘~njection”-of water and alcohol
into the combustion chambers of centrifugal- and axial-
tlow-compressor-type turbojet engines has been con-
tinued.

Heat Transfer

As a part of the experimental program to obtain sur-
face-to-fluid heat-transfer and associated pressure-drop
information at high surface temperatures arid flux den-
sities, an investigation was conducted to determine the
influence of tube-entrance configuration on average
heat-transfer coefficients and friction factors. Long
approach and short right-angle-edge entrance sections
were investigated at average surface temperatures up
to 2,000° R and heat flux densities of 150,000 Btu per
hour per square foot. These experiments were made at
Reynolds numbers above 1,000 with tubes having a
length-diameter ratio of 60.

Control Problems

Recent improvements in gas-turbine-engine perfornl-
ance through adoption of afterburners on turbojet en-

gines for thrust augmentation and increased activity in
the application of turbine-propeller engines have re=
silted in a great demand for better controls to relieve
the operator of the burden of devoting attention to en-
gine operation. Research on controls for these gas-
turbine engines consists of exploration of basic charac-
teristics of engines that result in the need for controls,
and studies of how to design control systems that are
quick acting, accurate, stable, and safe.

A preliminary investigation was made to determine
whether the dynamic characteristics of the engine are
simply related to the stead y-st ate operating charactw-
istics (Te~mical ~’ote 2091).

Inasmuch as high gas temperatures in turbino en-
gines can cause destruction, control systems for this
engine must measure the gas temperature. Research
on methods of sensing gas temperature has lcd to the
clevelopment. of the principles of temperature nle.mure-
ment through use of pressure-sensitive systems (Tech-
nical Note 2043) and spark-gap breakdown systems
(Technical Note 2090). An investigation of the im-
curacy of pressure-sensing systems for use in controls
has resulted in the eetabhtmmnt of engineering design
procedures for designing pressure-sensing systems thttt
will follow transient pressures accurately to as high a
frequency as desired, and will filter out undesirable
pressure fluctuations at all higher frequencies (Techni-
cal Note 1988).

In the process of designing a control syst,em, tho
clynamic characteristics of components planned for
the control system must be known. In Technical Note
2109, the experimentally determined dynamic charac-
teristics of a positive-displacement variable-stroke fuel
pump are presented.

An investigation of the eflects of altitude on th

dynamic and cent rol characteristics of a turbin@pro-
peller engine and a turbojet engine with tuil-pipo burn-
ing has been made in the lkwis altit.ude wind tunnel.
The results showed that the engine dynamic character-
istics varied with altitude in accorihnce with t-tration-
ally derived la-w.

SUBCOfifMITTEE ON HEAT-RESISTING
MATERIALS

Properties of Heat-Resisting Materials

The curient aircraft gas-turbine-blade alloys exhibi~
considerable nonuniformity in their st.ructu.res and
physical properties. This often results in a very broad
life dispersal curve with the first few blade failures
occurring as early as a third of the maximum blado
life. An investigation was conducted to determine the
effects of an a&g treatment on the life of a typical
cast alloy fabricated into small blades and operated
at approximately 1,500° F. and a stress of 20,000 psi
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at the blaile-faihme plane. Twenty blades were aged
for 48 hours at 1,500° F. and -were compared with
thirty-three unaged blades in a type B turbosuper-
charger spin rig. Aging, which has been reported to
harden this alloy and to improve ita stress-rupture life,
apparently improved the time for initial blade failure,
the average life, and the uniformity of the life of the
blacles tested. The lives of the last blades to fail were
not appreciably affected by the aging treatment (Tech-
nical N’ote 2052).

Recent tests have indicated that thermal shock plays
an important part in the failure of such heat-resisting
alIoy parts as nozzle blades. An investigation was m-
dertaken to determine the relative resistance of six cast
high-temperature Woys to cracking from thermal
shock. The thermal-shock test procedure consisted of
a controlled vmter quench of the symmetrical edge of
a uniformly heated, -wedge-shaped specimen. The
heating-and-quenching cycle produced an elongation
or deformation of the quenched edge, with the total
elongation increasing -with the resistance of the mate-
rial to thermal shock. Materials having similar ther-
mal properties, such as the coefllcient of Iinear expan-
sion? conductivity, and specific heat, -were shown to have
widely differing resistance to thermal shock. Metal-
lurgical examination of the .tdIoy structure and study
of the nature of crack propagation yielded no corre-
lation between the structural characteristics and resist-
ance to cracking by thermal shock. An analysia of
the manner in which the thermal-shock crack formed
and progressed into the specimen and an exam~ation
of available data on the notch impact strength of
cast high-temperature alloys indicated that there might
be a relation between notch impact strength and resist-
ance to cracking by thermal shock. The alloys instig-
ated, listed in the order of decreasing r~stance tO
thermal-shock cracld.ng, were S-816, S-590, A3LS–53S5,
4q.9_19, ~~o, and Stellite 6 (Technical Note 2037).

‘The XACA sponsored investigation at the University
of 31ichigan on fie ~damental ~ec~ Of a@g and
sohd.ion-treating on the creep characteristics of N–155
alloy has been continued. The properties of low-car-

bon N-155 alloy were obtained from 1,200° to 1,800° F
for several typical commercial heat treatments. The
datz show that there were large differences in strength
between the heats of bar stock at test temperature abo-re
1,200° F, except when a 2,200° F solution heat treatment
was used. This indicates that the hot--working condi-
tions prior to final treatments ha~e a pronounced ef-
fect on the physical properties unless the fial heat
treatment involvw high-temperature solution treatment
to minimize variations in the hot-working conditions.

The University of Michigan inv=tigation also in-
cluded a study of the rupture properties of low-carbon

NT-155 aIIoy and a 90 Cr-241&Ti-20Co + 2Cb alloy made
V@ a columbium-tantalnm ferro alIoy. This invwiti-
gation vras conducted as a part of the NACA program
on the substitution and conservation of strategic
materials.

An in-instigation was conducted to evaluate the en-
gine service performance of the nozzle blades of colum-
bium (ALW 347) and titanium (AISI 321) stabilized
stainless steels. The wults indicate that these two
steels are intercha~meable for such applications. The
blade cracks that occurred, for the most part, in the
edges of the blades were attributed to thermal stresses
and oxidation caused by the exhaust gases The cracks
progressed through the ma.terial along the grain bound-
aries.

A a part of the XACA research program to im-
pro~e the sertice Iife of heat-resisting alloys, an inves-
tigation was sponsored at the National Bureau of
Standards aimed at. developing improved protecti~e
coatings for exhaust-gas manifolde and similar high-
temperature parts exposed to corrosive gases. The re-
suIts of preliminary tests of heat exchangers used in
supplying heated de-icing air in the B-36 airplane in-

dicate that a three fold improvement in operating life
can easily be obtained. In addition, the effectiveness of
a ceramic coating in preventing corrosion by lead bro-
mide has been shown. Work cm protective coatings for
molybdenum has resuIted in a coating that will with-
stand 3,500° F at very low creep rates for approxi-

mately a half hour.

PreIirninary Studies of the Effect of Radiation on
Materials

A theoretical analysis of absorbers whose radioacti-
vity is time-dependent has been completed. Matrix
methods were employed as a tool in the analytical de-
termination of the intensity of radioactivity and the
amount of heat generated in any portion of a thick ab-
sorber. The method vm.sapplied to the foIIowing three
cases: (1) Plane source of monochromatic radiation of
a single type at normal incidence to a plane absorber,
(2) plane source of polychrornatic radiation of a single
type at normal incidence to a plane absorber, and (3)
plane source of polychromatic radiation of several
types at normal incidence to a plane absorber (Tech-
nical h’ote 1919).

Matrix methods have been employed in the solution
of absorption problems in which the incident radiation
is a known arbitrary function of time. The case of a
plane source of polychromatic radiation of se~eral types
at. normal incidence to a plane absorber was considered.
The method was applied to a hypothetical example in
which the amounta converted to thermal energy were

.-
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found for a time-dependent source (Technical Note
1952) .

A theoretical treatment of absorption problems is
presented in Technical Note 2108, in which the follow-
ing cases are simultaneously considered: ( a) Radiation
is normal to an absorber of which tihestations are plane
pzrallel surfaces, (b) radiations are of several poly-
energetic types, (c) induced radioactive isotopes decay

to stable atoms in multistep decay processes, and (d)
radiations from the absorber affect the time-dependency
of the source activity.

In Technical Note 2026 tables are presented for ilc-
termining the total-absorption coefficients, as well as
the intensities and the spectral distribution of gnmma
rays at any given scattering angle, Only thin scatters
are treated and secondary effects are neglected.

AIRFRAME CONSTRUCTION RESEARCH

COMMITTEE ON AIRCRAIW CONSTRUCTION

Increased emphasis has been placed by the NACA
on a study of the many problems in t-he field of air-
frame construction. This emphasis is evidenced.in the
planning of new facilities to study the structural loads
encountered in landing and ground handling of air-
planes. Attention directed toward airframe construc-
tion problems has also made possible an extension of
w-hat had heretofore been considered only aerodynamic
studies into a realm of more direct interest to the struc-
tural designer. h in the pasta considerable amount
of the hTAChi research.effork on structural materials and
structures was performed under contract by universities
and other nonprofit scientific institutions.

Research within the airframe construction field is dis-
cussed in the following pages and appears under the ap-
propriate subcommittee heading.

Research Techniques and Instrumentation

It has become possible through the use. of high-speed
automatic computing machinery to extend greatly the
range of theoretical investigations particularly those
concerned with the dynamics of the structure. The
Reeves Electronic Amdogue Computer, more com-
mon~y called the REAC, the BeIl Relay Computor, and
113X1 punched carcl computing equipment have been
used by the NACA for this purpose.

Because of the immense amount of computer time and
effort required for working up test data, attempts are
being made to devise means for incorporating at least
part of this work with we measuring instr~unent itself.
Two instruments have already been constructed that
effect considerable saving in this respect. Ona of these
is a pressure-distribution manometer that records wing
pressure distributions as plots of pressure against
chordwise posit-ion, These recorded plots are imme-
diately available on. the recording medium f-or prelimi-
nary viewing or for manua~ integration to secure lift
and pitching-moment coefficients. Another device is an
electrical integrator that plots section lift and moment
coefficients against Mach number.

For the statistical study of loads encountarcd in rou-
tine airline operations 75 VG recorders of tho oil-
damped type have been placed in service. A new in-
strument which records velocity, normal acceleration,
and altitude as a time history (designated tlm NTACA
VGH recorder) has been built for use in scheduled air-
craft so that operat,iontil information and gust,-load ex-
perience of the aircraft on a time scale can k secured.
In order to corre~ate landing loads of land-based air-
planes with airplane vertical velocity at touchdown, a
device was built to record the latter quantity. Record-
ing instruments based on free gyroscopes have also been
developed which record their attitude to betkr than
O.1° under dynamic conditions, These recorders are
useful to determine the dynamic twist of wings under
gust lea@. In addition a miniature two-component
accelerometer was developed to record landing loads
encountered in the hydrodynamic testing of flying-boat
models.

SUBCOMMITTEE ON AIRCRAIYI’ STRUCTURES

Stress llistrilmtion

The ~erodynamic advantages of sweptpack wings
in the transonic speed range have established their use-
fulness in modern airplanes. Such wings requiro an
unconventional construction which has necessitated re-
search on their structural characteristics. Previous
-work in this field was confined to the shul~ of tho
stresses and distortions for symmetrical loading con-
ditions,. Tests were therefore made of a 45o sweptback
box beam under antisymmetrical bending and torquo
loads. The investigation revealed that the antisym-
metrical loading magnified the effects of sweep which
were previously observed for symmetrical loads on the
same box beam. These tiects are a concentration of
normal stress and vertical shear stress in the rear spar
near the fuselage. An additional feature of the anti-
symmetrical loading was the appearance of large shear
lag effects in the carry-through eection, particularly
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for bending. The results of this investigation are pre-
sented in Technical Sot e %354 -which also inchde.s a
method for calculating the spar deflections.

The sandwich plate used in aircraft construction
consists of a lightweight lo-w-stiffnees core material
between two high-stiffness cover sheets. ‘3%s lo-iv-stiff-
ness core material (-which might be, for example, balsa,
plastic foam, honeycomb, or corrugated metaI sheet)
necessitates considerateion of the shear flexibility which
is usually found negligible in orclinary plate problems.
A previous theory which inchded this eilect for flat
sandwich plates has been published$ but there -was a
~Ieec~for an ~emion of the theory to curved sandwich

plates, orthotropic as -well as isotropic. Accordingly,
a theory was de~eloped -which takes into account de-
flections due to transverse shear, and covers those types
of sandwich plates having constant cylindrical curva-
ture, with similar properties on the average above and
below the micldle surface, and also essentially constant
core thickness (Technical h’ote 2017).

Ne-w York University has developed a theory for
predicting the stress distribution in rectangular, stif-
fened plates under axial compression after buckling
has occurred. This theory makes a definite contribu-
tion in that a considerable improvement in accuracy
with no more computational labor has been achieved.

The stress-concentration factors calculated by the
theory of elasticity become invalid -when the material
around the discontinuity is stressed into the plastic
range. An investigation has been made to study the
eilects of a circular hole in a large flat plate loaded
in simple tension. The resuhs of this theoretical study,
which have been contlrmed experimental y, reveal that
a very simple equation can be given which will predict
the stress-concentration factor when plasticity is con-
sidered (Technical Note 9070). The simple form of
the equation which vias derived onIy for the case of a
circular hole suggests that corresponding formulas be
made empirically for other types of discontinuities

Stabihy

.%general problem that has confronted aeronautical
en@neers for many years is that of how to design the
stiffening members in shell structures where the pur-
pose of the stiffening members is to maintain shape.
In such problems the uncertainty lies in how stiff those
members should be. Accordingly~ in an efiort to sup-
ply information on this subject as -well as to lay ground
work for future research? a study was made of the ring
stiffness required to hold the shape of a circular cylin-
der in torsion. The re.dts of the study on ring
stiffeners are presented in the form of design charts
in Technical hTote 1981, together -with experimental
verification.

Where a curved rectangular panel of skin on the
surface of an airplane is bounded by rather heavy
stiffeners, the question arises as to -whether it might not
be advantageous to employ one light~eigbt stiffener
in the middle of the panel to stabilize further the cur~ed
phtte. This question was studied for the case when
shear is applied to the panel. The results of this in-
vestigation show the eilect of a single additional stiff-
ener, either spanwise or chord-wise, on the stability of
the cur-red panel (Technical h’ote 1979).

Tests have shown that the effect of internal pressure
is to raise the buckIing stress for curved sheet. No
adequate theory, however, existed to explain this &ect
and predict the magnitude of the increase. Since
flight at high altitude necessitates internal pressure in
cabins and the lifting air pressures on the surface of
wings provide the equiralent of internal pressure inside
wingsl a fundamental, experimental, and theoretical
study was undertaken on the strengthening effect of
internal pressure. The results of the investigation
show that by use of large-deflection theory the ma=ti-

—

tude of the increase caused by pressure may be pre-
dicted -with good accuracy (Tecbn.ical Note 2021).

It is known that the usual Elder formula for column .—
strength applies to only very narrow plate columns.
The restits of a theoretical study which was under-

—

taken show the effect of wickh of plate on the buckling
stress in the transition from ~ery narrow to very wide
plate cohnms (Technical Note 2163).

Most of the sheet used in aircraft structures is cIad
with a material having superior corrosion resistance but
lower yield stresses than the core material. How this
cladding material should be taken into account in the
stability calculations for plates had been a question only
partly ansviered. Accordingly, this subject was invw-
tigated and corrections were obtained. They are given
in Technical hTote 1986 where supporting experimental
evidence is also presented.

The parts of au airplane structure, especially a cur-red
panel with skin on the -w@ and fueelage, are subjected
to combinations of shear and direct stress, and their
strength in that condition of combined loadiug is one
of importance to designers. In order to supply in-
formation on that subject, a theoretical and critical
study of this problem was undertaken based on z theory
developed recently for solving curved-plate problems in
the elastic range. The resuhs of this study of combined
strength of curved plates are presented in the form of
charts for frre different length-width ratios in Technical
Note 1928 where experimental data are also presented
to demonstrate the validity of the theoretical curves.

The strength of long flat plates under combined shear
and longitudinal compression had been satisfactorily
solrecl for the elastic stress range years ago, but the



42 REPORT NATIONAL ADVISORY COMMITTiE FOR AERONAUTICS

question was not answered m to how loading to high
stresses where plastic buckling occurred would affect
the interaction curve. Accordingly, a study -wasunder-
taken of this problem and a deformation type of theory
of plasticity was employed which has been found ade-
quate for the buckling of plates in compression alone
and in shear alone. The results of this study, presented
in Technical Note 1990, confirmed the use of a parabolic
interaction curve on plastic buckling which had previ-
ously been derived only for buckling in the elastic stress
range.

A theory for plast.ic bucklin~of plates -was deve~.oped
by the Langley structures research staff some years ago.
This theory gavo very good redts when applied to an
isolated plate. In order to check the accuracy of this
theory when applied to plate assemblies, a study was
made of the compressive buckling stress for H- and Z-
sections which were of such proportions as to develop
plate instability in the plastic stress range. The theory
is presented in Technical Note 1971, together with a
comparison -with experimental results.

The strength of plates when loaded beyond buckling
is a fundamental problem in the strength calculation
of aircraf t structures. The methods of calculation have
been based upon a mixture of empiricism and theory
which has developed over a number of years. Theories
have always been based on elastic considerations, and
an empirical correction factor was introduced to take
into account the eflects of plasticity in order to make
the formulas fit test data. The increasing understand-
ing of plasticity in rnaterials has made possible a more
rational attack on this problem. The first case con-
sidered is that of a long flat plate or flange hinged along
one side edge and free along the other side edge and
loaded in compression. The fundamentals of the same
theory of plasticity which had successfully predicted
the buckling strength of plates in the high stress range
were employed. Rotations of the flange as -well as the
stress distribution in the flange were calculated and
found to be in very good agreement with the direct
measurement, of these values. The restdts of this theo-
retical and experimental study are presented in Tech-
nical Note 2020.

In an effort to provide large spaces inside wings for
removable gas tanks or other purposes and to reduce
the weight of internal stiffening structure, a study was
made of the use of posts to stabilize the compression
skin by connecting it to the tension skin on the other
side of the wing. The case studied was that of ~ box
beam where the tension and compression covers were
relatively thick plates. The results of this study are
presented in the form of design charts (Technical IVote
2153). The University of Minnesota has developed a
method of designing tension-held beams so that the

webs and uprights are of about equal strength. Ch-w[s
and tables were prepared LOaid the designer to pro-
portion beams economically.

The attachment of stiffeners to the skin surface of
the metal covering of airplanes requires a multitude of
rivets. In order to reduce the man-hours and cost+ it.
is desirable to reduce the number of rive~s to the nlini-
mum required for the stiffener to perform its function
satisfactorily. This problem lms been studied experi-
mentally over a period of several years and a number
of papers have been issued presenting the results from
time to time. In the past year the results of this ex-
tended, study have been generalized in the form of a
summary report, Technical Note 2139, in which is pre-
sented a single curve which takes into rwcount. tho effect
of riveting on the strength of spanwise stiffened com-
pressiompanels.

An experimental study was made to extend tlm data
on the compressive strength of skin-stiffener panels to
the proportions suitable for thin, high-speed wings.
Data ~fere obtained for ‘75S-T6 aluminum-alloy panels
with longitudinal Z-section stiffeners, particularly in
the range of t.hiclier skins and smaller, more widely
spaced stiffeners than had previously been considerwl
(Technical JSote 1978).

Vibration Characteristics

Methods of calculating modes and frequencies of air-
craft structures ordinarily require a separate anti in-
dependent calculation for each modification to the slnc-
ture. & such calculations must be made many t.imcs
for the muny modifications required to meet all opera-
tion conditions, a method has been developed to sim-
plify the calculations of these modes and frequencies
which allows the effect of the modifications to be ob-
tained directly from the modes and frequencies of the
unmodified structure (Technical Note 2132).

Structural Response to Dynamic Loads

N7hen an airplane flies through gusty air or when it
effects a landing, transient stresses arise in the structure
which may play an important role in the design of the
airplane- structure. These stresses are, in genera], not
compu~able from an applied loud M in pnrely static
cases because the load iteelf depends either whol] y or
in part upon the motion and de.furmation of the airplane
structure. The physical conditions which describe tlm
problem are the gust of tiir or the a.ppronch to landing
governed by piloting technique, combined with the
structural and aerodynamic properties of the airplane.
Because of the great complexity of th~ problem, ap-
proximations directed toward isolation of the load from
elastic deformations have frequent.ly been employed.
A method, which is free from thk limitation nnd yc%
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remains within the realm of pn~ctical usefulness, has
now been cle-reloped for the response to ~~sts. This
method, presented in Technical ATote 2060, takes into
account the ffexibility of the wing in bending and twist-
ing, the fuselage deflection, the vertical and pitching
motion of the airplane as a whole, and some of the tail
forces. The method employs a matrix-recurrence mla-
t.ion derived from consideration of difference equations.
A1though the application discussed in the report em-
phasizes an airplane flying into a ~~t, the possibilities
of applwying the method to other transient problems,
such as lancling impactl are discussed.

SUBCOMMITTEE ON ALRCMil?T LOADS

Steaify Aeroclynamic Loads on Wings

The subject of load distribution continues to be an
important one not only because of the wide ~ariations
in wing configurations employed in aircraft and missile
clesign but also because of the extencled speed range
being considered. The determination of load distri-
bution is further complicated by structure flexibility
and the interaction between the relatively large nacelles
and f ussIages empIoyed in modern aircraft design.
Theoretical studies of load distribution have been ac-
celerated because new an@tical tools have been
adopted and because experimental verification has
shown that theoretical studies will provide an adequate
and useful solution to many problems.

For wings of relatively high aspect ratio, lifting-Iine
theory was adequate for determining load distribution;
however, the aerodynamic and structural demands have
turned attention toward low-aspect-ratio wings and,
as a consequence, modifications to this method or more
suitabIe theoretical methods -were required. .&ddi-
tionzd emphasis has therefore been placed upon the
applications of slender-wing and wing-body theory,
and there are indications that this theory vviIl provide
a good fist approximation to the aerodynamic forces
in the transonic speed range for low-aspect-ratio wings.
The theoretical results from one investigation of the
span-wise and chordwise distribution of loadingl the
Iifk and the induced drag for a famiIy of sIender plan
forms based on Linearized lifting-surface theory are
presented in TechnicaI Xote 1992. In TechnicaI Note
1973 the virtual-mass concept and ‘Weissinger method
were utilized to prepare a number of charts by which
span distribution may readily be determined for lo-w-
aspect-ratio wings for fairly con-rentional configura-
tion.

Theoretical studies of the subsonic loadings on wings
of arbitrary pIan form have been extended to include
loadings due to rolling, aiIeron deflection, and flap de-

flection. Charts, tables, and computational aids which
enable the rapid determination of Ioads over the wing
and/or flap when the plan form is detlued are presented
for the unsymmetrical case in Technical Note 2140.
Procedures are given -which, within limits of theory,
account for the eilects of section-lift-curve slope and
compressibility. From the t.heoreticaIIy determined ““-
lodings, factors such as lift-curYe slope, induced drag,
spanwise center of load, and, with fair accuracyt aero-
dynamic-center location can be found.

At flight speeds slightly above the speed of sound -
the flow about an airfoil section is characterized by a
detached shock viave -which stmds in the stream for-
ward of the leading edam of the airfoil section. Under
these conditions the theoretical determination of the
forces on the airfoil is seriously complicated by the
existence of a region of mixed subsonic and supersonic
flow between the airfoil and the detached shock wave;
howe-rer, methods have been derived for calculating
the flow field for the case of the detached shock -wave
forviard of a finite -wing.

In order to facilitate application of the theoretical
knowledge of wing loading to the design of supersonic
aircraft, existing information has been summarized.
Technical Not& 1916 and 2007 treat triangular, trape-
zoidal> and reIated plan forms at moderate supersonic
speeds and fill gaps in previous theoretical -work by in-
cluding the effects of sidesIips. Techucal h’oks 1991
and 2093 consider svveptback wingg with interacting
leading and trailing edges including the effect of wing
taper and tip shape. LMt-cancellation techniques for
determining the load distribution on thin wings at
supersonic speeds are presented in Technical h’otes 2145
and 2147 because these methods are simpler to apply to
some -wing plan forms than previoudy developed
methods.

Experimental verification of wing load distributions
has been obtained throughout the subsonic, transonic,
and supersonic speed ranbg for a series of -wing plan
forms and the results show compressibility effects that
are not apparent from linearized theory, but which sig-
nificantly alter load distributions. Detailed informa-
tion concerning load distribution has been obtained
through extensive measurements of surface pressure
over -wings, some models being equipped -with plain
trailing edges and ailerons and an elementary analysis
comparing pressures measured on airfoils at Mach num-
bers near 1 with those computed for Prandtl-SIeyer flow
indicates good aaveement. Large-scale -wind-tunnel
tests have shown the presence of a separation vortex
emanating from the apex of sweptback wings having
sharp leading edges which has considerable influence
on the wing spanw%e and chordwise pressure distribu-
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tion.
1967

An investigation is reported in Technical Note
which is concerned primarily with comparing

over-all loads measured by pressure-distribution& elec~
tric-strain-gage tecti]ques and indicates clearly the ad-
vantages of each technique.

Airplane and missile flights at either high altitudes
or heavy wing loadings require operations at higher
ang]es of attack than have been customary in the past.
Consequently, the determination of maximum available
lift has become increasingly important. During the
past year a series of investigations have been carried
out in which the effect of angular velocity on maximum
lift at various Mach numbers has “been measured rip to
a Mach number of 0.8. This materia~ has been reported
in Technical Note 2061 and indicates that the increase
in maximum lift due to pitching angular velocity is
small above a Mach number of 0.6. Tests have been
conducted at subsonic and transonic speeds to determine
the maximum-lift characteristics of sweptback wings;
as with unswept wings the resuIts show a Iarge effect
of Mach number on the maximum Iift. Some data were
also obtained in the lower Reynolds number range, thus
extending the regime where experimental data are
available on the effect of Reynolds number on maximum
lift at Iow Mach numbers.

Maneuvering Aerodynamic Loads on Wings

The design trend toward higher-performance aircraft
and missiIes together with the development of aids that
permit pilots to -withstand greater acceleration forces
has increased the severity of maneuver-load design con-
ditions; consequently, effort is being directed along
statistical lines to determine the frequency with which
loads of various severity are imposed on aircraft as
a result of maneuvers. More exact methods for analyz-
ing mm.euvers have tdso been considered and Technical
h’ote 1965 presents two such methods for determining
the impressed force from a measured response.

Load distributions resulting from unsteady motions
of thin wings at supersonic speeds have been analyti-
cally evaluated and presented in Technical Iiiote 2034.
The method presented is applicable to a large class of
wing plan forms and to arbitrary motions as long as
the rate of change of wing attitude is sufficiently small

A method for calculating the pressu~e distribution
and damping in steady roil at supersonic Iiach num-
bers of thin, flat, sweptback wings having aIl leading
edges subsonic is reported in TechnicaI Note 2047. As
an ilhlst rative example the pressure distribution and
damping derivative of an untapered siveptback wing
were calculated, but, because the method was considered
to be laborious in practice, a shorter method was
derived which is sufdc.iently accurate for most
applications.

Loads on Tails and Control Surfaces

Supersonic flight has increased tremendously the cle-
mands on tails and control surfaces for stabilizing and
maneuvering aircraft and missiles. These denmncls
are reflected in increased loads in the control system
and increase in booster capacity as well as in incremccl
structural loads in the control surface itself. A co-
ordinated program of research has been pursued to
furnish data for the design of tails ancl ?ontrol sur-
ftices, inducting both theoreticcd and experimcn[ul
procedures,

Exp&in]entally determined low-speed lift. and hh&
moment parmneters of cent rol surf aces with and with-
bout svveepbacli have been compared with values com-
puted by severed theoretical procedures, The mos~
satisfactory theoretical method was one involving ad-
justments to the section values of the lift and l~ingo-
momen! parameters for the effect of induced angle of
attack ancl induced camber to obtain values for a finito
aspect ratio. The necessctry information for use of
this method is incorporated in design charts which
eliminated a need for complete understanding of lift-
ing-surface theory upon which the method is based.

A method has been de~fised for determining the
horizontal-t~il loads to be usecl in clesign. This method
is based on a prescribed maneuver rather than upon
the more go-only used criteria of a prescribed elevator
motion and is reported in ‘1’ethnical hroic 2078. Tu
supplement theoretical methods for determining tail
loads, an t-tndysis has be.cn made of avaih~ble data on
angular accelerations which are directly rehlted to
horizontal-tail loads. These data which include the
maximum angular accelerations encountered in air-
planes tested over the pMt 18 years and simple sun~-
nmries for deriving angulm accelerations are reported
in Technical hTote 2103.

Expex%nent.al data are being obtained by both flight
and wind-tunnel tests to supplement theoretical t.ail-
loacl studies. FIight investigations are currently
under way to obtain horizontal- and vertical-tail loads
on modern high-speed-type aircraft for various flight.
maneuvers. The results obtained thus far indicate thttt
the measured loads agree well with those thnt wero
predicted from high-speed wind-t unnel data and those
computed by available analytical methods. Higl~-
speed wind-tunnel investigations have provided in-
formation concerning control-surface hinge-moment
parameters and loads on tail surfaces of varying
sweep as vvell as information on downwash angles and,
dynamic-pressure characteristics in the region of prob-
able tail locations.

As part of a general investigation to determine flap
design criteria for wings having phm forms sttitdde.
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for transonic and supersonic speed% studies were made
on an unswept tapered wing with 0.Z5-cihord plain flap
and were reported in Teclmical Note 2080. Studies of
the effects of sweep on this wing configuration indi-
cate that existing theoretical and empirical rnethocls
for predicting the lift effecti~eness of flaps of various
spans agree satisfactorily with experimental results.
Additional high-speed mind-tunnel measurements of
pressure distributions o-ier plain trailing-edge ailerons
show that ad-rerse changes in loading and hinge mo-
ments increase considerably at transonic speeds.

Loads on Bodies and Wing-Body Arrangements

Renewed interest in the aerodynamic characteristics
of bodies of revolution> particularly in the supersonic
speed range where the body becomes a major component
of missika or supersonic aircraft, has led to the f ormu-
lation of an approximate theory for the prediction of
the forces and moments on slender inclined bodies. It
is vrell-knovm that simple potential theory does not give
results which are in good agreement. -with experiment;
consequently, in Technicrd Note 2044 it is shown that
a simple allowance for viscous effects yielcls pressure
distributions which are in reasonable agreement with
experiment in both subsonic and supersonic speed
ranges. A new method for calculating the flow in the
vicinity of open-nosed bodies at supersonic speeds
(Technical Note 2116) provides a simple procedure for
determining the pressure distribution over the forward
portions of open-nosed bodies, and, in adclition, yields
formudas for determining the variation in angle and
strength of the initial shock ware with dktance from
the body. An analysis has been made of the effects of
compressibility on the pressure coe5cients about sereral
bodies of revolution by comparing qerimentally de-
termined pressure coefficients with corresponding co-
efficients calculated by the use of the linearized equa-
tions of compressib~e flow. The results show that the
theoretical methods predict the changes in pressure
coetlicients over the central portion, but not near the
nose of the body.

Rocket-model-tlight, wind-tunnel, and free-f aII meth-
ods of testing have pro-rided data on the variation
with Mach number of the pressure distribution over
fuselagea and wing-fuselage combinations. Data for
the fuselage alone are, over most of the body, in good
agreement -with a complete linear theory but for many
practical afterbody shapes complex higher-order theo-
ries are required for accurate prediction of the pres-
sures.

Pressure-distribution measurement and load-coeffi-
cient data have been obtained in flight for a conven-
tional front and rear sliding canopy -which had previ-
ously been tested in the Langley full-scale tunnel. The

prigcipal conclusion of the wind-tnnne~ tests as to the
ei7ect of canopy position, yaw, and power and lift
coefficients on the pressure distributions were confirmed
by the flight results.

Wing-Body Interference

Present-day airplane and missile designs indicate a
pronounced trend toward larger fuselages in combina-
tion -with wings of lower aspect ratio than have been
conaiclered in the past. This trend increases the im-
portance of the -wing-body interference on the aero-
dynamics of the aircraft. The results of an instig-
ation of load distribution, liftl pitching moment, side
force, and yawing moment which treats the interference
effects betmeen a circular fuselage and either a single
or cruciform wing have been presented in Report 962.

In an in~estigation of the interference effects of large
fuselages in combination with low-aspect-ratio figs
the wing loads -were measured independently but in the
presence of the fuselage. Three fuselages providing
variation in the ratio of fuselage diameter to wing span
were tested in conjunction with an unswept wing hav-
ing a th~ sharp-edged section. v?ind-tunnel measure-

ments mere ak+o made of the interference effects of a
nacelle on a swept wing with provisions for obtaining
-rery complete information on the pressure distribution
at. high subsonic speeds.

Buffeting

Oue of the first factors of concern in the stLK~y of
butlet characteristics of airplanes is the cletermination
of the lift coefficient ad Mach number at the onset of
bwlfeting as detected by the pilot or by suitable instru-
ments. A second factor is the relation of the buffet
boundaries so determinect to some criterion which will
clefie the occurrence of ffow separation on some major
component which presumably is causing the buffeting.

..—

Information on these two points has been obtained from
a stucly of existing flight records which had been origi-
ns 1ly obt :lined ancl analyzed for purposes other than a
study of buffeting characteristics. It was f ound that ~
in generall the trend of the btiet boundaries indicated
that. flow separation on the upper surface of the wing
was the primary cause of the buffeting. A criterion

-.

showing a consistent relation to the buffet boundari~
was established.

The wake behind an airfoil in subsonic ancl transonic
flow has been stuclied using a special electronic survey
heacl which measures the fluctuations of the total pres-
sure and the stream angle in the wake. Flight measure-
ments have also been made of the buffet boundary and
peak normal-force codllcients at high Mach numbers
and these measurements indicated that, in the Mach
number range investigated, the buflet boundary falk”
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considerably below the maximum available nornml-
force coefficients.

Aeroelasticity

The requirements of long-range, high-speed, high-
altitude operations often result in a relatively flexible
airplane compared with previous designs. If sweep-
back is utilized to increase the operating speeds at high
altitudes, the bending of the -wing not only affects the
spanvvise load distribution, but ako overshadows the
usual spanwise load changes due to the effect of tor-
sonia.1moments on wing twist. Previously strip theory
combined with matrices has been employed in calculat-
ing the spanwise lift distribution and the attendant
changes due to induced twist. The need for a mathe-
matically simple approach vvhich included the aero-
dynamic refinements contained in lifting-line and lift-
ing-surface theories prompted the development of a
method based on a relaxation approach utilizing aero-
dynamic loadings obtained from Ilreissinger’s simpli-
fied lifting-surface theory together with simple beam
theory. By this means the aerodynamic spanwise load
dktribution is expressed in a convenient form which
reduces detailed computing involved in extensive aero-
elastic calculations for many flight conditions to the
calculation for a single set of flight conditions. The
method is simplified further by an abbreviated solution
to the relaxation process.

As part of the NACA transonic research program a
high-speed wind-tunnel test has been undertaken to in-
vestigate the aeroelastic characteristics of sweptback
wings on a typical fuselage. Data -were obtained on
forces, moments, downwash, dynamic pressure char-
acteristics, and tuft behavior. The results of this inves-
tigation indicate large effects of aeroelastic deformation
on the lift-curve slopes and longitudinal stability of the
models.

A flight investigation on a modern transport airplane
was undertaken in order to determine the effect of the
dynamic response of a wing in rough air upon the
normal acceleration measured at the airplane center of
gravity. During flights in clear-air turbulence simul-
taneous acceleration measurements were taken at the
airplane center of gravity and at several stations along
the wing span. In Technic.a] IS!rde2150 an analysis of
the data obtained indicates that the peak recorded cen-
ter-of-gravity acceleration increments were on the aver-
agG of 20 percent higher than the @e airplane accelera-
tion increments. There appeared to be smaller changes
in acceleration -with the weight and speed changes in-
vol veal, but this effect could not be substantiated.

Water-Landing Loads

The need for increasing the speed of modern aircraft
has led to the development of seaplane configurations

having high length-beam ratio and low aerodynamic
drag. Fortunately the configurations exhibiting low-
air-drag characteristics in flight generally show reduced
impact loads in landing; nevertheks, hydrodynamic
landing data are required. In Technical Note 2015,
data from Ianding tests in the Langley impact basin of w
heaviIy loaded V-bottom hull are presented M nondim-
ensional coefficients varying with tie trim and flight-
path angle at water contact.

A second phase of the investigation of hydrodynamic
pressure distribution on hull bottoms during landing
has been reported in Technical Note 2111 where initial
impact conditions and maximum experimental pres-
sures aie presented together with time histories of @—.
velocities and pressure distributions for several repre-
sentative landings in the impact basin. It was shown
that the instantaneous pressures for a given draft, trim,
and location on the hull bottom are direct.]y propor-

tional to the square of the velocity normal to ths ked.
The results are presented as three-dimensional plots of
instantaneous pressures varying with time and me

compared with available theory.
A comparison of data from 50-full scalo sheltered-

water landlngs with rationalized design specifications
for loads and pressures in sheltered-water impacts indi.
catee that the experimental over-all loads were smaller
than specified while local forces were of tho same order
as specified. A smooth-water ful~-scale landing inves-
tigation. was conducted for the purpose of comparing
measured and calculated wing bending moments during
hydrodynamic impact rmd the results reported in Tech-
nical hTote 2063 showed good agreement between meas-
ured and computed values.

(hst Lomls

Although research on gust loads has been curried on
for many years and many of the results have been in-
corporated in design rrdes, these dtita have either bvm
issued piecemeal or not published a~ all; consequently, a
compilation of available information on gust loads,
which inchldes all lfJ~~-& materia] available on gust
loads up to about October 1947, has ken issued as Tech-
nical hTote 1976. The material is arrnnged according
to the three principal phases of the gust-load problem:
(1) The determination of the gust structure; that is,
the size, shape, intensity, and frequency of occurrence,
(2) the reaction of my airplane to gusts of known
structure, and (3) the determination of the operating
statistics. Additional V-G data obtained from se~eral
transport airplanes of a four-engine type during post-
war commercial operations on trans-l?acific and Car-
ribean-South American routes of the same airlino have
been analyzed and presented in Technical Note 9176.
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Pzst attempts to study the airplane stability par~p-
eters most influential in determining the airplane
motion in a gust have been hampered by the complexity
of the equations of motion and by the time consumed
in their solution. It was therefore desirable to deveIop
an analytical method for calculating airphme motions
in a gust that would be mathematically practicable,
would give reasonably accurate resultsl and would re-
quire only a moderate expenditure of time. such a
method based on a unit-jump or arbitrary forcing func-
t ion is derived in matrix notation and presented in
TechnicaI Note 2035. The solution for the airplane
motions for the stick-free condition is modified by
neglecting the elevator terms so that the effects under
similar stability conditions may be calculated -with the
stick in a fixed position. If the complete response of
the airpIane is known, wing and tail load maybe readily
computed.

For many probIems of gust Ioads it is satisfactory
to caIcuIate the loads for a rigid airplane restrained
in pitch under the action of a gust. Previous in~esti-
gations have presented salutions for particular mass
parameters and gust shapes, but they have not been
considered suflicientIy accurate. The equation of mo-
tion has therefore been soI-md for a large range of
mass parameters to obtain charts of airpIane reactions
to specific gusts and to provide a means for obtaining
loads on airplane wings for arbitrary gust shapes. The
charts are presented in Technical h’ote 9036 based on
two-dimensional unsteady-lift curves and a nnmericaI
sohttion of the equation of motion.

An important phase of gust-Ioad investi@ions is
the deve~opment of techniques for estimating the prob-
abilities of encountering the Iarger gust Ioacls and gust
velocities. Technical h’ote 1926 shows that the statisti-
cal theory of extreme values can be used to predict the
frequency of encountering the larger ~-t IoacIs and
gust velocities for specific test conditions as well as
commercial transport operations. ‘The extreme-value
theory provides an analytical form for the distribution
of maximum values of ~~st load and velocity. Methods
of fitting the distribution” together -with a method for
estimating the reliability of the predictions are pre-
sented. Results obtained by applying the theory of
extreme values to avaihtbIe gust-Ioad data inclicate that
the estimates of the frequency of encountering the
larger loads are more consistent with the data and
more reliable than those obtained in pretious analyses.

By means of tie NACA VGH recorders samples of
time-history data of airspeed, altitudej and normal ac-
celerations have been obtained from modern airplanes
in commercial transport operation. These data ex-
tend existing knowledge of the maximum acceleration
and airspeed data obtained by means of the NACA

?T-G recorder and debe the distribution of accelera-
tions experienced in greater detail. The frequency dis-
tributions of normal accelerations and of effective gust
~e]ocit.ies indicate differences in the gust loads ex-
perienced at low and high altitudes, but no conclu-
sions are -warranted because of the linited data samp~e
cbtained to date.

Inasmuch as bending deflections of svreptba.clc wings
are a possible means of gust alleviation, an investiga-
tion was macle in the Langley gust tunnel to obtain
experimental clata on the amount of alleviation that
might be expectecl for a representative svreptback-wing
configuration. The model used in the investigation
had 45° s-weptback wings with hinges between the root
section and the -wing panels. The wing hinges -were
restrained b-j- torsion springs that aI1owed the panels
to deflect in bending but not in tvrisL Tests of the
model consisted of flights of the model at a forward
speed of about 60 miles per hour through a sharp-edge
gust of about 10 feet per seconcl with the -wings locked
in neutral positon and then with the wings free to
deflect or respond to the loads imposed by the gusts.
The results of this investigation reportecl in Technical
Xote 1959 indicated that wing flexibility resulted in
o-rer-all reduction in ~wst load of approximately 8 per-

.-.

cent for a sharp-edge gust and 14 percent for a 9-chord
gust. The effects of pitching motion caused by a for-
ward mo-rermzut of the aerodynamic center when the
wing was deflected were very large and anrdwyriishas
indicated that the alleviation clue to wing benclhg alone
was approximately 20 perrent. It appears therefore
that, unless adverse pitching motion can be eliminated
or reducecl, the gain in o-rer-all load reduction wiIl be
small. The net recluct ion in bending moment, how-
e-rer, may be appreciable because the outboarcl ~oacls
are red uced considerab iy.

Research Equipment and ‘l?echniques

Small, fast -response, electrically operated pressure-
measuring cells have been cleve~oped. These cells are
particularly well-suited to studies of the fluctuating
pressures cluring buffeting and flutter since the acoustic
response and damping effects normally associated with
conventional pressure-measuring equipment are elim-
inated.

SUBCCDIMITT?EE ON ITBRATION AND Filll’TElt

Flutter of Wings ancl ControI Surfaces

Theoretical studies on flutter characteristics of viings . ..—
ancl cent rol surf aces have been ext endecl to provide
new analytical tools for predicting ffutter. Experi-
mental techniclnes have also been extendecl ancl im-
prcmecl to pro-ride aclclitiomal clata for comptirison with
the resuIts of theoretical andjwis. Good agreement
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has been obtained between theory and experiment for
oscillating air forces on wings or control surfaces and
for the effect of aspect ratio, density, Mach number,
and sweep on the flutter characteristics of wings for
the ranges of parameters investigated.

Results of an experimental study showing effec~ of
air density (altitude) and Mach number are presented
in Technical hTote 1989. Two cantilever-wing modehi
were made to undergo flutter through a range of Mach
numbers up to 0.82. The testing medium was air or
mixtures of air and a gas in which the speed of sound
is considerably lower than in air. A -wide range of
the mass-parameter ratio and of Reynolds number
could be achieved. It was shown that for the two
wings in~estigated the effects of compressibility could
be accounted for by a simple correction formula.

Wind-tunnel experiments on the effect of aspect ratio
and Mach number on the flutter of unswept cantilever
wings for a range of aspect ratios and Mach numbers
have been conducted and the results examined on the
basis of recent theoretical values obtained from t-ivo-
dime.nsional incompressible-flow theory.

The aerodynamic theory relating to the flutter char-
acteristics of uniform sweptback cantilever wings has
been developed in detail and a comparison of theoretical
results vvit.h experimental data presented in Technical
Note 2121 indicates that the analysis is satisfactory for
obtaining the effects of sweep for nearly uniform canti-
lever wings over moderate length-to-chord ratios. Ex-
perimental data have been obtained on the eflbcts of
root restraint on the flutter of s-iveptback cantilever
wings including the effects of variably located concen-
trated mssses for wings cltimped at the root parallel to
the air stream and perpendicular to the wing leading
edge.

The program of flutter experiments at high speed with
the aid of rocket-powered models is being continued.
Experiments have been made on a series of -wings at
various angles of sweep and aspect ratio, and the experi-
mental results compared with an idealized flutter theory
for subsonic flow.

Wing-aileron coel%cients for oscillating air forces in
two-dimensional supersonic air flow are tabulated in
TechnicaI Note 2055 for a range of Mach numbers and
ratios of control-surface chord to airfoil chord. These
coefficients are directly applicable to oscillating-a.irfoil
calculat.ions. For each combination of chord ratio and
Mach number approximately 35 values of reduced fre-
quency are utilized. Both exact and approximate ex-
pressions for the tabulated quantities are given, because
approximate expressions are useful for extending the
tables to lower values of the frequency and for inter-
polation between Mach numbers. Preliminary experi-
mental data on forces and moments of an oscillating

-wing at high-subsonic speeds have also been nmdc and
the resuIts compared with the existing theory.

The effec~ of aspect ratio on the air forces m-d nlo-
ments of an oscillat.ing, thin, rectangular wing in super-
sonic potential flow is treated theoretically in Techni-
cal Note. 2064. The velocity potential is expanded in
powers of frequency of oscillation. Expressions tlliltf
include the frequency to the third power are given for
the velocity potential, the components of total forco
and moment coefficients, and section force and moment
coefficients.

Investigations of the aileron buzz phenomenon havo
continued and results have been obt ainccl which provide
some insight into the f unchunental causes of buzz and
confirms previous opinions that buzz is not. caused
simply by buffeting of a control surface by separated
flow.

Theoretical and experimental research on flows
around and forces on oscillating airfoils of finite span
has been successfully completed by the Massachueet ts
Institute of Technology uncler the sponsorship of the
NACA. Experimental measurements of the areody-
namic reactions on a symmetrical airfoil oscillating
harmonically in a two-dimensional flow have been ob-

tained and analyzed. Harmonic motions include pure
pitch and pure translation, for several mnplitudes and
superimposed on an initinl angle of attack, as well as
combined pitch and translation. The problem of stnll
fiutter has been attucked in two ways. I?irs[, numer-
ous experimental observations of stall flutter have been
reviewed and various known attempts at its prediction
have been examined, compared, and extended; as a
result, a semiempirical method of predicting tho varia-
tions of moment in pitch with airfoil shape, recluced
frequency, initial angle of attack, and amplitude of
oscillation has been formulated, Second, the aerody-
namic reactions on wings oscillating harmonically in
pitch and translation in the stall range have been n~eas-
ured, evaluated, and correlated whero possible with
available published data for the purpose of providing
empirical information where no aerodynamic theory
exists. In addition to affirming major known effects of
Reynolds”number, airfoil shape and reduced frequency
on the areodynamic reactions, data on the time-average
values in the stall range of both lift and moment have
been obtained for the first time. An approximate theo-
retical method for predicting flows around and forces
on an oscillating airfoil of finite~pan has been reported
in Technical Note 1953. A theoretical solution to the
three-dimensional nonstationary aerodynrtmic force has
also been obtained by a generidizatioti of one of t.hc
known approximate methods for the solution of a two-
dimensiomd problem.
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Purdue University, under sponsorship of the NACA,
hascompleted a theoretical in-restigationof the effect
of concentrated masses on wing flutter characteristics
and has shown that a harmonic-respomse functio~ may
he used to predict the tied on the wing flutter charac-
teristic-s of the addition of a rigid mass to an airplane
wing.

The chordwise distribution of lift, pitching moment,
and flap h~nge moment on an oscillating airfoil with
a simple hinged flap in two-dimensional compressible
flow (subsonic) has been calculated by applying
Dietze’s method for the solution of Possio’s integral
equation in Technical Note 9213.

Vibration and l?lutter of Propellers

The -vibratory stresses resulting from the operation
of inclined propellers in nonuniform flow fields -were
investigated in the Ames 40- by 80-foot wind tunnel.
The results presented in Technical Note 2192 are dis-
cussed further under the Subcommittee on PropeIIers
for Aircraft.

An investigation of the flutter characteristics of a
small one-blade wooden propeller with a Clark Y sec-
tion is reported in Technical Note 1966. The flutter
speed and flutter frequency -were obtained with the
propeller at zero f orward velocit.y for a range of blade-
angle settings and air densities. The highest flutter
speecls mere found in the vicinity of the angle of zero
aerodynamic moment, and the flutter speed increased
considerably in this region with decreasing air density.
Over the rest of the pitch range the flutter speeds -were
much lower and varied little with air density. The
maximum experhnental flutter speed was 63 percent of
the approximate theoretical classical flutter speed>
which fact indicates that even under idea~ condkions
an appreciable factor of safety must be observed by
designers. The flutter frequency vim found to ap-
proach the natural torsional frequency of the propeller
at both large positive and negative angles of attack.

The aerodynamic excitation of first-order vibration
occurring in a representative three-blade propeIIer hav-
~g i~ t]lrL1staxis inclined to the air stream has been

investigated. The measured section aerodynamic ex-
citing force of a pitched propeller was compared with
theoretical values.

Flutter and Wbration of Helicopters

The PoIytecbnic Institute of Broolilyn, under XAC~
sponsorship, has compIeted a theoretical anaIysis of the
frequency and damping characteristics of the free
modes of vibrations of balanced fixed-ended and hinged
elastic helicopter rotor blades in ho-rering and verticaI
flight which is reported in Technical X’ote 1999. Tor-
sional vibrations, bending vibrations in flapping and in

lagging, and coupIing between the flapping and Iagging
motions were considered. Methods for calcnlat ing nat-

.

ural. frequencies and logarithmic decrements of the
principal modes were developed, and, on the basis of

-.

quasi-stationary flow, simple flutter criteria were de-
rived for the stability of the coupled torsional and fiap-
ping vibrations.

A study of rotor-blade lagging motions which nor-
maIIy border cm inst abiIity has aIso been completed by
the Polytechnic Institute of Brooklyn. This project is
reported under the Subcommittee on IZelicopters.

SUBCOMMITTEE ON &tllCIL41?T S’PRUCI’UFL4L
MATERIALS

As in previous year% the majority of investigations
on aircraft structural materials have been carried out by
contract with universities and other nonprofit and scien-
tific organizations. These investigations have comple- ‘-
mented the program on materials for power plants.

Fatigue of Metals

The program on fatigue at Battelle Memorial insti-
tute has been continued. Mention -was made of this
instigation in the 1948 and 1949 annual reports vvhen
it was pointed out that the purpose of the program is
to obtain comprehensive information on fatigue prop-
erties of several materials commonly used in aircraft
production, WS-T3 and 75S–T6 aluminum aIIoys and
SAE 4130 steel. Restits have previously been reported
on rmnotched specimens and research during the past
year has produced fatigue data on the above materials
over a considerable range of stress concentration.
These concentrations, induced in the specimen by means
of holes~ notchesj and fillets, simulate stress concentra-

-.

tion which might be expected to occur in the material of
an aircraft in actual operation. AS a rewdt of this in-
vestigation two reports are being published, one on the
fatigue properties of unnotched specimens of 24S-T3
and 75S–T6 ahrninum alIoys and SAE 4130 steelt the
other on the fatigue properties of notched specimens
of the same material.

Research in fati=gye over the years has brought the
gradual realization that fatigue properties are not exact
values but are rather strdistica~ quantities. Ifile the
wide scatter obtained in fatigue te+s may sometimes be
attributed to faulty experimental techniques, it has
been found that even in extensive testing under rigidly
controlled conditions the fatigue properties vary over a
wide range. The Carnegie Institute of Tecbmoloagy has
undertaken a program of research to study the statis-
tical nature of the fatigue of metals and to evaluate the
fundamental factors that aflect the variability of
fatigue results. Knowledge of the statistical deviation

..—
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of the fwtigue properties will considerably aid in the
proper selection of a factor of safety in engineering
application.

Another phase of the fatigue problem is being inves-
tigated at tl~e~~tiona~ Bureau of standards. In this
program the effect of ~ontinuo~lsly varying the loading
cycle throughout the fntigue test is being studied. An
attempt, is being mada to correlate the results with cur-
rent damage theories. This is an important problem in
view of the fact that the stresses in aircraft elements
during flight vary continuously and this variation is
known to affect the fa,tigne life of aircraft, materials.
The dual-load fatigue testing machine used in this in-
vestigation was described in the 1948 annual report.
Results to date have been limited to 75S-T6 clad alum-
inum-alloy sheet under completely reversed axial loads
which varied during testing.

Plasticity

A theory for the polyaxial stress-strain relations of
metals in the plastic range based on the concept of slip
has been developed by the Langley structures research
staff. The new theory seeks to predict the plastic strain
that would result from the application in any sequence
of arbitrary combinations of stress and requires for
this purpose only a knowledge of the uniaxial stress-
strain relation for the material. Technical hTote 1841
presents the essential features of the new theory. Sup-
plementary research to study f lmther this slip theory
and to determine the validity of the various plasticity
theories is being conducted at the Pennsylvania State
College. The biaxial plastic stress-strain relations of
75S-T6 aluminum alloy were studied during the past
year utilizing tension-tension stresses with both con-
stant and varying principal stress ratios and direc-
tions. This loading -was obtained by simultaneously
subjecting a 11011owcylinder to axial tension and inter-
nal pressure.

Sandwich Materials and Adhesives

The Forest Products Laboratory has continued its
investigation of sandwich mttterials and adhesives.
During the past year ml investigation was completed
on the eflect of cell shape on compressive strength of
hexagonal honeycomb structures. The dimensions of
the cells in the hexa.gonal honeycomb structure vvere
found to be an important factor in determining the
compressive strength of the structure parallel to the
flutes. From the results obtained with 35 test speci-
mens a family of curves was obtained by means of which
it is possible to estimate the ultimate compressive
strength of such honeycomb structures.

Other investigations completed at the Forest Prod-
ucts Laboratory during the past. year were the evalua-

tion of se\7eraladhesives and processes f w bonded smd-
wich construction of aluminum facings and paper
honeycomb cores and the determination of the shear
stress distribution along glue lines between skin and
cap-strip of an aircraft wing. The results of these in-
vestigations are given in Technical h’ot.es 2106 and
2152, respectively.

Another investigation was conducted at the Forest.
Products Laboratory on the effect Wftemperatures from
–70° to 600° F on the bond strength of clad alun~i-
num lap joints. Tension twsts were made on these Iup-
joint specimens to determine the strength at various
temperatures of eight commercial and eight experi-
mental adhesives. Lack of satisfactory resisl.ante to
192 hours of exposure at a temperature of 450” 1? was
evident in all the adhesives tested, The lxmdi ng
strength of these adhesives was generally not seriously.
affected by temperatures of – 70° F. There was con-
siderable variation? however, in performance of the
various adhesives from room temperatures up to 450° F.

Plastics

A survey conducted by the National Bureau of Stand-
ards and referred to in the 1948 annual report disclosed
that crazing was a major factor contributing to tlm re-
duction”-iil the stre@~ of plastics used in windows and
canopies of airplanes. An inwstigydion is therefww
under way at the hrational Bureau of Shmdards ill
which the factors affecting crazing and strength prop-
erties of plastic glazing are being studied. An analysis
was mide of the results of a series of tensile tests to
determine the loss of strength of both ordinary and
heat-resistant acrylic plastic sheet due to crazing. In
these tests tensile specimens were stress-solvent. crazed
by stroking the surface with z brush wet with benzww.
The specimens were then broken. It was found that
crazing caused a reduction in aver~ge tensile strength
of about 30 to 50 percent.

Investigations were also condncted at the h’nt ioual
Bureau of Stmdnrds on the effect of some viiriahlcs
in fabrication techniques on the propert.iw of glass-
fabric laminated p]astics. The variables inscstigated
were molcling conditions and fabric finishes. The
tiects of several molding conditions upon the physical
properties of laminates prepared with a I?iberglas
fabric and an unsaturated.poly~stcr resin were inves-
tigated. The molding variaMcs inchlded pressure,
temperature, and time during both precuring and cur-
ing operations. It was found that an increase in
molding pressure increased the flexural strength,
whereas an incrense in precure ternperat ure decremcd
the strength properties of the huninates. Extwding
the curing time to 48 hours at a temperature of 160° F.
improves the strength propert ics relative to those ob-
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served in other cure cycles. The effects of six conL-
mercial fabric finishes upon the physical properties of
these lmuinates were dso in-i-estigated. These tiniahes
included the f ollovring types; Three water-repeIlent,
heat-treated, heat-cIeaned, and plain. It was found
that one of the three viater-repeIlent fabric finishes was
superior to the other finishes -when both wet and dry
flexural strengths -were considered.

Stress Corrosion

.4n investigation designed to further Iinowleclge on
the mechanism of stress corrosion is under way at the
.Armour Research Foundation predicated on the as-
sumption that stress corrosion is an electrochemical
process. Studies are being made of the effect of stress
on the soIution potential of the se-reral phases which
might be present in any given alloy. Particrdar
attention is being paid to such substances as inter-

AIRCRAFT’ OPERATIiiG

Studies of problems encountered in the operation
of aircraft have encompassed investigations of the rne-
teorological factors which impair the performance of
airplanes, methods of insuring safe operations during-
adverse weather conditions, ancl means of increasing
the safety and comfort of airplane flight. The
XACA’S major effort in this fiekl of research has been
concerned with atmospheric turbulence> icing, and air-
craft fire. The Langley Aeronautical Laboratory staff
has conducted the research on atmospheric turbulence
and its effect on aircraft operation. They have also
been concerned with problems of aircraft ditching and
pilot escape from high-speed airplanes. The research

metallic compounds or other phases which might be
prec~pita.ted in an alloy. By means of a new tech-
nique deveIoped at Armour the determination of the
effect of stress on the solution potentials of these sub-
stances is made possible and measurements of the gal-
vanic current flowing in couples made from these
materiaki and the parent metal matrix can be made.

Titanium

The LangIey structures research Laboratory has
completed an investigation of the comprsssssve proper-
ties of titanium sheet at temperatures from room
temperature to 800° F. Technical Note 2038 presents
results of compressive stress-strain tests over thk tem-
perature range. The results show that titanium has
good compressive properties which are comparable
with those in tension up through S0(3° F. Marked
anisotropy in compression -was also noted.

PROBLEMS RESEARC.H

on icing and aircraft fire has mainly been centered at
the Lewis FIight Prop&ion Laboratory. EIo-weverl
limited studies of icing have been conducted at the
Ames Aeronautical Laboratory. Sereral uni-rersities
have participated in this program under contradt to
the X.ACA.

The Committee on Operating Problems is rsspon-
sible for the guidance of the operating problems re-
search program. In this regarcl it is aided by its
subcommittees~ the Subcommittee on Meteorologiczd
Problems, the Subcommittee on Icing Problems, and
the Subcommittee on Aircraft Fire Prevention.

COMMITTEE ON OPERATING PROBLEIW3

Effect of Gusts on Operating Practices

.4s a part of an irmestigation of -ivorld-wicte flight
conditions along commercial rout% V-G clata have been
taken on several four-engine-type transport aircraft
during post-war commercial operations on trans-Pacific
and Caribbean-South American routes of the same air-
line, and the results analyzed.

The first samp~e of time-history data of airspeed,
altitude, and nornlal accelerations dnring transport
operations has been obtained at the Langley Labora-
tory by means of the NTACA 17GH recorder. These
time-history clata were obtained from a modern twin-
engine transport operating at low altitudes. me data
supplement the maximum acceleration and airaspeed
data obtained by means of the NACA V-G recorder and
provide greater detail on operating conditions and
practices.

A limited amount of similar VGH data has been ob-
tained on two four-engine transport airplanes during
operations at high akitudes. &khough clifferences
have been noted in the data obtained from the low- and
high-altitude operations, no definite general conclu-
sions are -warranted at present because of the limitecl
size of the sample from the high-altitude operations.

Escape Techniques

The low- and high-speed in-restigations of five air-
plane jettisonable nose sections that have been pro-
posed as emergency pilot-escape devices at high .qweds
have been completed. As a result of these investiga-
tions, a criterion has been established for the determi-
nation of the flu area required for st abilization of these
nose sections so that large accelerations normally en:
countered by the piIot are eliminated.

.
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The motion of a jettisoned nose during and immedi-
ately after jettisoning also has been investigated at
various speeds. Results of the investigation have
established recommendations regarding forcible for-
ward ejection of a fin-stabilized nose, the stability of
which can be adversely affected by the nearness of the
rear body.

Ditching

In cooperation with the CAA, the ditching char~cter-
istics of transport-type aircraft have been under study
using dynamic-model techniques for several years and
the program is now nearly complete. The recom-
mended procedure was found to- be generally similar
for these aircraft. The ditching should be made paral-
lel to the crests of large swells, if, present, with the

,. wheels up and the flaps down. Contact should be
‘made as smoothly as possible at as low a speed as can
be obtained consistent with good control. In general,
this class of aircraft behaves rather vvel~when ditched
according to the recommended technique and relatively
low decelerations are to be expected.

SUBCOMM1’iTEE ON METEOROLOGICAL
PROBLEMS

Tm4.mlence Detection and Measurement

A previous investigation indicated that atmospheric
turbulence encountered in air-mass thunderstorms in
Florida may be greatly reduced by avoiding regions
of radar echo indicated by AN/CPS–l ground radar
equipment. In order to extend this investigation to
other regi?ns and to other -weather situations, an analy-
sis of data obtained from the 1947 Ohio operations of
the thunderstorm project was made. The results of the
analysis, reported in NACA Techniczd Note 1960, indi-
cated that the magnitude and intensity of gusts en-
countered in air-mass and frontal thunclerstorme may
be considerably reduced by avoiding storm areas as
indicated by ground r~dar of a, 10-centimeter wave-
length. The analysis extends the Lleeof ground radar
for avoiding regions of severe thunderstorm turbulence
in subtropical regions to include thunderstorms in tem-
perate regions. The data also indicate that for turbu-
lence avoidance the ground radar used becomes more
effective with increasing altitude up to 25,000 feet and
is least effective at 6,000 feet.

Meteorological Characteristics of CIouds

In order to understand more clearly the composition
of cloude above freezing temperatures, an investigation
of drop-size and liquid-water-content measurements has
been initiated. Three methods are being developed for
the measurement in flight of cloud-droplet size and

Iiquid-water content, The first method ernph}ys an in-
strument that by means of a coronal discharge places
an electric charge on the droplets ancl then sepn rates
them aerodynamically according to their mass. This
instrument is used for the determination of droplot
size, drop-size spectrum, and liquid-water content of
clouds. The second method employs an instrument.
known ‘as the cascade impactor, which in the past has
been used to sample drop-size dkt.ribution in a low-
velocit$ air stream. In order to aclapt i~ for fright USC,
it is used in conjunction with a diffuser, which reduces
the air to a velocity that is suitable for use of the im-
pactor. The third method en@oys a mm spcc[ ronl-
eter for the measurement of water-vapor content, and
liquid-yater content of clouds, L~quid-watw” content
can be measured by vaporizing the cloud droplets, nmas-
uring the total vapor cent.eut of tho heated nir, and
making a suitable correction fur the vapor content of
the cloud. A flight model mass spectrometer has km
fabricated and is being calibrated in the labomtury
prior to flight service use.

SUBCOMMITTEE ON ICING PROBLEMS

Aircraft involved in all-wenther operations me sub-
jected to the hazarcl of ice formation, and studies ini-
tiated for the alleviation of this hazard are being con-
tinued. Work on the research program was conducted
by the Lewis Flight Propulsion Laboratory and the
Ames Aeronautical Laboratory.

Meteorological Characteristics of the Icing Cloud

Recommended values of the meteorological Iactors
(Technical Note 1855), necessary to be coneidcrcd in
the eficient design of aircraft ice-preven~ion systems,
are limited in the respect that the probability of en-
countering the various icing conditions during normal
operation has not been analyzed, Consequently, a con~-
prehensive statistical analysis has been made of al~
available measurements of actual icing encounters.

The properties of supercooled water arc being investi-
gated to-obtain a more complete understandil~g of the
icing phenomenon as it affects aircraft operations. One
phase of this research lms been the experimental investi-
gation of the relationship between tlm spontaneous
freezing-temperature of supercooled water droplets and
droplet size (Technical Note 2142), and a theory for
the prediction of the probability of the spontaneous
freezing te~perature of cloud clroplets has been
developed.

The study of the meteorological phase of the icing
problems has been continued at the laboratories with
emphasis on the development of new-type instruments
for measuring pertinent meteorological factors involved
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in the icing phenomenon. The measurement of cloud-
dropIet. sizes in flight has been accomplished by both a.
high-speed photographic technique and a droplet-
iuertia-separation method. The concentration of
liquid -water within icing clouds can nom be obtained
by a continuous recorder developed on the principIe of
ice catch on a moving body. Analysis of recent mete-
orological data indicates that the frequency and se-
rerity of icing conditions are substantiality reduced in
areas of precipitation and that the most severe icing oc-
curs at or near the top of the clouck This condition
has been investigated, however, only up to altitudes of
20:000 feet.

Particular emphasis on the further development of
instruments suitable for installation on transport air-
planes for the specific purpose of the procurement of
icing meteorological data during routine transport op-
eration has rSSUh?d in the installation of two types of
icing-rate meters on airline aircraft.

Evacuation of three multicylinder icing-rate meters
during icing conditions at the lfount Washington Ob-
ser-mtory has been compIeted.

~~g -d TaiI ~urface Ice pro~ec~ion

The heat requirement for ice protection on airpIane
wings and tail surfaces is dependent, among other
things, upon the area of the leadiig edggeon -which the
cloud drops impinge and the rate of impingement.
The Ames Laboratory has de-reIoped a semiempiricaI
method for calculating area and rate of drop impinge-
ment that. is based on the remdts of drop trajectories
for five airfoiIs computed utilizing a d.iflerential ana-
lyzer. Step-by-step numerical methods of computing
this information are available but are tedious and re-
quire a kno-wIedge of the flow fieId ahead of the airfoil.
The method requires only a knowledge of the airfoiI
pressure distribution and shows promisq of being appli-
cable to both con-rentional and Iow-drag airfoiIs at
speecls of about 400 miks per hour.

A comparison of the requirements for the icing pro-
tection of an hT.lC~ 65, 2-016 airfoil section in fight
and in the icing research tunnel of the Lewis Labora-
tory indicates good agreement between natural and
simulated icing.

PropeIIer Ice Protection

An investigation has been made to determine the ef-
fectiveness of internal spanwise tiing at the leading
edges of the propeller blade, where the greatest amount
of heat is required, in order to reduce the quantity of
hot air required to provide icing protection for air-
heated propellers. By varying the amount and loca-
tion of the internaI finning and utilizing proper chord-
wise partitioning of the heated-air passage, Iocal heat-

.

ing rates can be controlled with a resulting increase in
the etliciency of air-heated propeller anti-icing systems

—.

(TeclmicaI Note 2126).
~ comprehensive investigation, analytica~ and ex-

perimental, has been made at. the &.nes Laboratory of
the probable propeller-thrust loss to be expected in icing
conditions. A report on the investigation shows that
thrust Iosses due to ice accretions, though not negligible,
-wotiid probably be Iovrer than generalIy anticipated.
With regard to means of propelIer ice protection, the in-
termittent application of &ctricaI heating has recei~ed
the most attention but is dMicult to analyze because of
the transient character of the heat flows involved. An
electrical analog has been constructed to simulate blade
surface conditions under cycIic heating and will be used
to establish heatiqg requirements for intermittently
operated propelIer heating elements.

Jet Engine Ice Protection

Irrrestigations of inertia-separation-type inlets have
been concluded. The data indicate that, although a
high percentage (92 percent) of the water droplets can
be separated from the air stream before the water
reaches the engine, the pressure losses in the inlet duct, -..
caused by the high air vehcities required for effective
vrater-droplet separation, limit the practical application “”
of this type of protective system for current turbojet
engines.

Surface-heating requirements for jet-engine-inIet
guide vanes, which in the absence of a compressor screen
constitute the greatest icing hazard, have been deter-
mined. Because the heat source necessary for provid-
ing the heat recpirements maybe critical with respect
to the performance of a turbojet engine, three methods
of guide-vane heating were in-restigated-the flow of
hot air through hoIIo-iv guide vanes, ekctrical heating by
means of resistance wire embedded in the vanes: and
ekctrical heating by the use of the eddy-current prin-
ciple. The resuIts of this research indicated that only
a small amount of hot air is required to provide ade-
quate icing protection for temperatures as low as –20°
F when a properly internally partitioned and finned
vane is utilized (Technical XTote2126). Eddy-current
heating was shown to be feasible and preliminary re-
sults indicated that adequate icing protection couId be
obtained with onIy a minute percentage Ioss in engine
power. In general, all three methods of protection had
a negligible effect on engine performance although
there was a slight weight penalty resulting from the
weight. of the heatingsystem components inherent in
all methods.

The flight program to determine the efTect of natural
icing on turbojet-engine performance has been com-
pleted. The effect of inlet-guide-vane icing -m.s iso-
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haled by installing electricidly heated boots on the other
engine components, namely the COWIlip, the accessory
housing dome, and the front bearing support struts. It
was found that guidg-vane icing accounted for approxi-
mately one-half of the total reduction in engine per-
formance caused by inlet icing. PericdicaI photo-
graphs of the engine inlet, taken during the icing runs,
indicated that during proIonged icing runs the inlet
icing was characterized by a cyclic growth and shedding
of the accretions with the greatest deterioration oc-
curring within the initial few minutes of the encounter.

Further studies of the mixing of jets directed per-
pendicularly to an air stream for purposes of heating
or cooling of the air stream have been undellaken with
circular, square, and elliptical orifices at high pressure
ratios, The flow coefficients were shown to be inde-
pendent of the stream velocity provided the correct
outlet pressure was used (Technical Note 1947). The
penetration of the jets issuing from these orifices was
correlated in terms of dimensionless parameters.
Greater penetrations were obtained with square ori-
fices and elliptical orifices at low tunneI velocities and
low jet pressures than with tl.~e other orifices investi-
gated (Technical Note 2019).

SUBCOMMITTEE ON AIRCRAFT FIRE
PREVENTION

Further improvement in aircraft safety by reducing
the possibility of fire is recognized as an important ob-
jective by the aviation industry. Achievement of this
aim is of interest to both commercial and military oper-
ators. A significant reduction in the fire hazard re-
quires the establishment of fundamental data for design
criteria that will result in the best possible fire preven-
tion and personal safety. The NACA airciaft-fire ~e.
search program, in coordination with research and
development by other governmental agencies and the
aviation industry, is directed toward this objective.

Survey of Fire Records and Fire Research

A bil-iiography of aircraft-fire publications has been
compiled M an initial phase of the aircraft-iire-prevcn.
tion program. An analysis of malt iengine-t ransport-
airphme fire records covering the 10-year period ending
July l; 1948, has been completed. Itesults of this
analysis show that gasoline was most frequently tho
initial combustible ignited in flight and ground fires
and is considered to be the most hazardous of the com-
bustibles carried. The exhaust system is concluded to
be the most hazardous ignition cause for flight fires,
ground fires, and crash fires. Engine f~iilurcs were the
most frequent cause of fires occurring in flight.

Basic !Iechanisms h~volved in Fire-Extinguishittg
Agents

An analysis of existing data was made with respect
to the relative extinguishing effectiveness of different
substances and the basic mechanisms involved in the
action of extinguishing agents. Five basic actions of
fire-extinguishing agents were investigated. It ap-
pears from this analysis of existing data. that nmcllani-
cal action, blanketing action, and chain-breaking action
are the most important factors in extinguishing by
gaseous. and liquid agents. Information on tho rela-
tive extinguishing effectiveness indicates that organic
halogen compounds will most probtibly yield the moro
powerful extinguishing agents (Technical Noto 2102).

Fh.e Safety Program

Full-scale crash-fire experiments, for the evaluation

of fueI volatility and de-energizing of ignit,ion sourccsj

have been started. The equipment for the tests was

constructed; a test procedure formulated; the instru-

mentation planned and constructed; and initial tests
were made to evaluate the testing technique, The re-
sults indicated that the technique was generally satis-
factory and that useful information could be obtained
from this type of research.

RESEARCH PUBLICATIONS

TECHNICAL REPORTS

3;; Characteristics of Lov+AsiIect-Ratiowings at SuPercrM-
cal Mach numbers. By Jolm Stack and IV. F. Linclsey.

923. Effect of Afterboih Length and Keel Ausle on Minimum
Depth of Step for Landing Stability and on Tal~e-Off
Stability of a FIying Boat. By Rolancl E. Olson and
Norman S. Land. —

924. ApplicatIon of l’heodorsen’s Theory to Propeller Des@n.
By John L. Crigler.

!2%. Stability Derivatives at Supersonic Speeds of Thin Rec-
tangular lVings with D@onals A~ead of Tip MachLines.
By Sklney M. Harmon.

No.
926, Sound-Level .Measurernentsof a Light Airpiaue Modiflcd

m Reduce Noise Reaching the Grouncl. By A. JV.
Vogeleg.

9X. Appreciation and Prediction of Flying Quditlcs. 13y
WiIiiam H. Phillips.

928. Analysis of Performance of Jet Engine from C1umnc-
t.eristics of Components. II—Interaction of Compo-
nents as Determined from Engine Opmntion, By
Arthur IV. Goldsteln, Sumner Alpert, willlam lhwle,
an–dKarl Kovach.

929. Dislocation Theory of the Fatigue of Metals. By E. S.
Machlin.
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930. An AnalyticaI Method of Estiating Turbiie Perforti-
ante. By Fred D. Kochendorfer and J. Cary A“ettles.

931. Correlation of Cyiinder-Head Temperatures and Cooiant
Heat Rejections of a 31uit icylinder, Liquid-Cooled En-
gine of 1710-Cubic-Inch Displacement. BY Bruce T.
Lundin, John H. Po_rolny, and Louis if. Chellro.

93Z Effect of ReynoIds Number in TurbnIent-FIow Range on
F1ame Speeds of Bunsen Burner FIamee. BY LovrelI
M. Boiiinger and David T. TWiiianw.

933. Performance of Conical Jet Nozzles in Terms of Flow and
Velocity Coefficients. By Ralph E. Grey, Jr., and H.
Dean TVikted.

934. Recommendations for Numerical SoIution of Reinforced-
Panel and FmeIage-Riig Problems. By N. J. Hoff
and Paul A. Libby.

9.%. Two-Dimensional Compressible Flow in Turbomachines
with Conic Flow Surfaces. By John D. Stanitz.

936. Desi~ and Performance of Famiiy of Diiusing Scrolia
with Mixed-Flow Impeiier and Vaneless Diffuser. BY
IV. Byron Brown and Guy R. Bradshaw.

937. Constant-Pressure Combustion Charts IncIuding Effects
of Dilnent Addition. By L. Richard Turner and Donald
Bogart.

93S. Summary of Section Data on !lkailing-liklge High-Lift
Devices. By Jones F. CZMII.

939. Theoretical Characteristics in Supersonic FIOW of Two
T~s of ControI Surfaces on Triangular TTiigs. By
IVarren A. Tucker and Robert L. Nelson.

ii40. The Design of Low-Turbulence Wid Tunnels. BY Hugh
L. Drycien and Ira H. Abbott.

941. Prediction of the Effects .of Propelier Operation on the
Static Longitudinal StabiIity of SingI&Engine Tractor
310nop1anes with F1aps Retracted. By Joseph ~eil and
lYiUiam C- SIeeman, Jr.

942. Investigation in the Langley 19-Foot Pressure TunneI of
Two wings of N-ACM654U0 and 6*21O AirfoiI Sections
with I“arious Type FIaps. By James C. Sivells and
StanIey H. Spooner.

943. A Simplifled Method for the Determination and Analysis
of the NeutiaI-Lat eraI-OsciiIatory-Stabilit y Boundary.
By Leonard SternfieId and Ordsvay B. Gates, Jr.

944. Heat Transfer to Bodies Traveiing at High Speed in the
Upper Atmosphere. By Jackson R. Staider and David
Jukoff.

945. Tvio-Dimemional Unsteady Lift Problems in Supersonic
FIight. By Max. A. Heaslet and Harvard Lornax.

!M6. Plastic Buckiing of a Rectan.@ar PIate under Eclge
Thrusts. By G. EL Handelman and ‘W. Prager.

947. The DereIopment of Cambered AirfoiI Sections Having
FavorabIe Lift Characteristics at Supercritical Mach
Numbers. By DonaId J. Graham.

94S. b Apparatus for Varying Effecti~e Dihedral in Flight
with Application to a Study of ToIerabIe DihedraI on a
Cmwentional Fighter Airplane. BY TUiiam 31. Kauff-
man, CharIes J. LiddeiI, Jr., Aiian Smith, and RudoIph
D. Van Dyke, Jr.

%til. Effect of Screems in ‘Wide-Angie Diffusers. By G. B.
Schubauer and ?V. G. Spangenberg.

950. In~estigation of a Systematic Group of 2i’ACiA l-Series
Cowlings With and without Spinners. By Mark It.
Nichols and Arvid L. Keith, Jr.
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14Ei5. An Investigation of Aircraft Heaters. .XXXI-SumnarY
of Laboratory Testing of Several Exhaust-Gas and Air
Heat Exch@aers. By L. M. K. BoeIter, A. G. Guibert,
F. E Romie, V. D. Sanders, and J. M. Rademacher.

1SS3. Thermodynamic Charts for InternaI-Combustion-Engine
Fluids. By IV. J. McCann.

1903. Experimental Investigation of lioving Pressure D~turb-
ances and Shock wa~es and Correlation with One-Di-
mensional Unsteady-Flow Theory. By Paui TV. Huber,
Ciiff E. Fitton, Jr., and F. DeIpino.

1911. Physical Properties at Elevated Temperature of Seren
Hot-Preesed Ceramics. By James J. GangIerl Chester
F. Robard& and James E. 31cNntt.

1912. b Investigation of Aircraft Heaters. XXXII-Meas-
urement of ThermaI Conductivity of Air and of Exhanst
Gases between 50° and !)OOOF. By L. ?&K. Boelter and
W. H. Sharp.

1916. The Effects of Sidesiip, Aspect Ratio, and Mach Munber
on the Lift and Pitching Moment of Triangular, Trape-
zoidal, and Reiated Plan Forms in Supersonic Fiovi- BY
Arthur L. Jones, Robert M. Sorenson, and Eliiabeth E.
Idndier.

1919. AntUyticaI 31ethod for Determining Transmission and Ab-
sorption of Time-Dependent Radiation throw-h Thick
Absorbers. I—Radioactivity of Absorber, Tlme-Dl-
pendent. By G. Allen.

1921. Approximate Method for Predicting Form and Lacation of
Detached Shock waves Ahead of PIane or Axiaily Sym-
metric Bodies. By TV. E. MoeckeL

l@5. L~~~orte~ Theory for CaIcuIatfons of Supersonic Domn.
wash. By Harold Mirels and Rudolph C. Haefeli.

1926. The Application of the Statistical Theory of Extreme
VaInes to Gust-Load ProbIems. By Harry Press.

1927. Generalization of Turbojet-Enggne Performance in Terms
of Pumping Characteristics. By IWevieiiD. Sanders and
Michael Behun.

192S. CriticaI Combinations of Shear and Direct hiaI Stress
for Curved Rectan=@ar PaneIs. By Murry SchiIdcrout
and Manuel Stein.

1929. On the Stabiity of the Free Laroinar Boundary Layer b-
tween ParalleI Streams. By Martin Lessen.

1932. Two-Dimem=ional Compressible FIOW in Centrifugal Com-
pressors with Straight Blades. By John D. Stanitz and
GayIord O. EUis.

1933. Investigation of SpoiIer Ailerons for Use as Speed Brakes
or Giide-Path Controls on two NXiA 654Series TV&a
Equipped with FuiI-Span Slotted Fiaps. By Jack
Fkchel and James M. TVatson.

1934. Low-Speed Experimental Inveetigatiou of a Thin, II’aired,
DoubIe-IVedge Mrfoil Section with Nose and Traiiing-
Edge FIaps. By Leonard M. Rose and John 3L Aitmam

1936. A Fiight Determination of the ToIerable Range of Effec-
tive Dihedral on a Conm?ntionaI Fighter X[rplane. By
C%arIes J. Liddeii, Jr., Rudolph D. Van Dyke, Jr., and
Donovan R. Heinie.

1939. The IibTects of Aerodynamic Brakes upon ilm Speed
Characteristics of Airplanes. By Jack D. Stephenson.

1940. Fundamental Effects of Aging on Creep Properties of
SoIution-Treated Low-Carbon N-155 Alloy. By D. N.
Frey, J. w. Freeman, and A. E. IVhite.

z The missing numbers in the series of technical notes were rdeased
before or after the period covered by this report.
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1642. The Effect of lNaIl Friction on the Strength of Shock

JVaves in Tubes and Hydraulic Jumps in Channels. By
Coleman duP, Donaldson and Roger D. Sullivan.

1943. Theoretical Relations between the Stability Derivati~es
of a Wing in Direct and in Reverse Supersonic F1ow.
By Sidney M. Harmon.

1944. The Reversibility Theorem for Thin Airfoils in Subsonic
aud Supersonic Flow. By Clinton Iii. Brown.

1945. Aerodynamic Characteristics of 15 NACA Ahfoil Sections
at Seven Reynolds Numbers from 0.7 x I@ to 9.0 x 10’.
By Laurence K. Laftin, Jr., and Hamilton A. Smith.

ltM6. Measurements in the Boundary Layer of a Yawed Wing.
By A. M. Kuethe, P. B. McKee, and ~. H. Curry.

1947. Invest@ation of Flow Coefficientof Chcular, Square, and
Elliptical Orifices at High Pressure Ratios. By Ed-
mund E. Callagbarr and Dean !l?.Bowden,

194!3.Annular-Jet Ejectors. BYElliott G. Reid.
1950. Damping-in-Roll Calculations for Slender Swept-Back

JVingsand Slender }Ving-BodyCombinations. BY Har-
vard Lomax and Max A. Eieaslet.

1952. Analytical Method for Determining Transmission and
Absor@ion of Time-Dependent Radiation through
Thick Absorber&_ Ii—Source Intensity, Time-Depend-
ent. By G. Allen.

1953. On the Theory of Oscillating Airfoils of Finite Span in
Subsonic Compressible Flow. BY Eric Reissner.

1954. lPxperimental and Theoretical DMribution of F1OWPro-
duced by Inlet Guide Vanes of an Axial-Flow Comw!es-
sor. By Harold B. Finger, Harold J. Schum, and How-
ard A. Buckner, Jr.

1955, Preliminary Investigation at Supersonic Speeds of Tri-
an@m and Swe!XbacklVings. By Macon C. E1lIs,Jr.,
and Lowell E. HaseL

1967. Direct Method of Design and Stress Analysis of Rotating
Disl.wwith Temperature Gradient. BY S. S. Manson.

195S.ADalYetsof Ejector Thrust by lutwwation of Calculated
Surface Pressures. By Joim C. Sanders and Vir@nia
L. Brightwell.

1959. Gust.-TunnelInvestigation of a Flexible-VVingModel with
SemichordLine Swem Back 45°. By Thomas D. Reisert.

U160.An Evaluation of the Use of .Ground Radar for Avoiding
Severe Turbulence Associated with Thunderstorms. BY
J. K. ThomPsonand V. IV.L@comb.

1$361.Investigations Relating to the Extension of Larninar.F1OW
by Means of BoundarY-Lriyer Suction through Slots.
By Laurence K. Loftin, Jr., and Dale L. Burrows.

1962. Stresses in and General instability of MonocoqueCylin-
ders with Cutouts. VII—Experimental Investigation
of Cylinders Having Either Long Bottom Cutouts or
Series of Side Cutouts. By N. J. Hoff, Bruno A. Boley’,
and Joseph J, Mele.

1963. Stresses in and General Instability of MonocoqueCylin-
ders with Cutouts. VII1-Calculation of the Buckling
Load of Cyl!nders with Long Symmetric Cutout Sub-
jected to Pure E@ding. By N. J. Hoff, Bruno A, Boley,
and Merven lV, Mandel,

1964, Method for Determining the.. l?recwency-Response Char-
acteristics of au. Element or System from the System
Transient Output Response to a Known Input Function.
By Howard J. Curfrnan, Jr., and Robert A. Gardiner.

1665. Two Matrix Methods for Calculating Forcing Functions
from Knoivn Responses. By Bernard Mazelsky and
Franklin N’. Diederich.
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1!)66. Experimental Investigation of Flutter of a Propeller with

CIark Y Seetion Operating at Zero Forward Velocity at
Positive and Negative Blade-Angle Settings. By Jdm
Ill. Baker and Russell S, Paulnock.

1067. .& Comparison of Wing Laads Measured in I?llght on a
_~ighter-Type Atrplane by Strain.Gage and Pressure-
Distribution Metho(ls. By JVilliam S, Afken, Jr., and
Donald A. Howard.

liMS. Flight Tests of the ~drodynamic Charnctdstics of a
Japanese “Emily” Flying Boat. By J. A. I?erguson,
IL E. Seib@s, Jr., and R. J. Corber.

1969. Comparative Drag Measurements at Transonic Spcwls of
Rectangular and Sweptback NACA C&005 AIrru!ls
Mounted on a Freely Falling Body. By CharIcs W.
Mathews and Jim Rogers Thompson.

1970. Methods of Designing Cascade Blades with Prescribed
Velocity Distributions in Compressible Potential F1OWS.
By George R. CosteIlo.

1971. Plastic BuckIing of Extruded Composite Sections in Com-
pression. By ElbrMge Z. Siowell and Richard A. Pride.

1972. CriticaI Shear Stress of a Curved Rectangular Panel with
a Central Stiffener. By 31anuaI Stein and David J,
Yaeger.

1973. Tlw.oretical Spanwise Lift Dist rlbutkms of Low-Aspoct-
,Ratio \Vings at Speeds BeIow and Above the SIwed of
Sound. By Franklin W. Diederich and M“arthIZloinIck.

1974. Effect of Open Circular Holes on Tensile Str@ngth and
Elongation of Sheet Specimens of Some Ahlminum
Alloys. By H. N. Hill and R. S. Barker.

1975. Experimental Investigation of ‘Temperature Recorery
Factors on Bodies of Revolution at Snperscmlc Spcwls,
By TVilliam R. lVimbrow.

1976. Summary of Information Relating to Gust Loads on Air-
planes. By Philip Donely.

1977. Stimmary of the Theoretical Lift; Damping-hI-Roll, and
~enter-of-Pressnre Characterlst!cs of Various ~lng
Plan Forms at Supersonic Speeds. By Robert O.
Piland.

1978. Dgfa on the Compressive Strength uf 75S-T6 Aluminum-
AIIoy Flat Panels Having SmalI, Thin, IVfdely Spaced,

Longitudinal Extruded Z-Section Stiffeners. By VUl-
-liam A. Eiickma~ and Norris F. Dow.

1979. A Radar Method of CaIibratlng Alrspecd Installations on
.Ah@anes in Maneuyers at E!igh Altitudes and at Tran-
.s.onic and Supersonic Speeds. BY John A. Zalovc!k,

1981. Critical Stress of Ring-StifRmxl Cylinders M Torsion.
By ManueI Stein, J. Lyell Sanders, Jr., and Harokl
Crate.

19S2. An Introduction to the Physical AsDcds of Hellcoptor
Stability. By Alfred Gessow and Kwmeth B. Amer.

19S3. Longitudinal FIying Qualities of Several Single.Rotor
Helicopters in Forward Flight. By F. B. Gustafiwn,
Kenneth B. Amer, O. IL Efaig, and J. P. Recder.

19S4. A Scmlempirical Method for Estimating the Rolling 3fQ-
ment Due to Yawing of Airplanes. By John P. Camp-
bel~ and Alex Goodman.

19S5. Elastlc Buckling of Outstanding FIangcs Olampcd at One
Edge and Reinforced by Bulbs at Other Edge. By
Stanley GoodIumr.

19S6. Stability of A1cIad Plates. By Kenneth P. I.luehcrL.
19S7. An Analysis of Supersonic AerQdYnamlcHeating with

Continuous Fluid Injection, By E. B. Klunker and Il.
Reese Ivey.
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19SS. Transient Behavior of Lumped-Constant Systems for

Sensing Gas Pressures. By Gene J. DeIio, Glennon V.
Schwent, and Richard S. Cesaro.

19S9. Some Effects of Density and Mach Number on the FIutter
Speed of Two Uniform TWngs. By George E. Castile
and Robert TV.Herr.

1990. PIastic BuckIing of a Long Fiat Ptate Under Combined
Shear and LongitudinsI Compression. By Elbridge Z.
StowelL

1991. Theoretical Loading at Supersonic Speeds of Flat Swept-
Back TYings With hteracting Trailing and Leading
Edges. By Doris Cohen.

1902. Linearized Elfting-Surface Theory for Swept-Back Tihgs
for SIender Plan Forrm. By Harvard Lomax and ?Jzx.
A. Heaslet.

19!33. Icing-Protection Requirements for Reciprocating-Enggne
Induction Systems. By TVHlard D. Coles, Vern G.
RolIh, and Donald R. 31uIholland.

19!)4. Knock-Limited Performance of Fuel Blends Containing
Aromatics. VI-10 AlkyIbenzenes. By I. L. DrelI and
H. E. AIquist.

1995. Influence of ‘Wing Flexibility on Force-Time ReIation in
Shock Strut Following Vertical Landing Impact. By
AIbert E. McPherson, J. Evans, Jr., and Samuel Levy.

1996. On Internal Darnping of Rotating Beam% By ?Uorris
lforduchow.

1997. Analysis of Means of Improving the Uncontrolled LateraI
310tions of PersonaI Airplanes. By 31srion O. McKin-
ney, Jr.

199S. Aerodynamic Characteristics of the F%ACAS-H-12 Airfoil
Section at Six Reynolds Numbers from l.S = 10’ to 11.O
x 1(P. By Raymond F. Schaefer and EIamiIton A. Smith.

1992. A Theoretical Analysis of Elastic Vibrations of Fixed-
Ended and Hinged Helicopter BIades in Hovering and
Vertical FlighL By Morris Morduchow.

2000. Data on Shape and Location of Detached Shock TVaves on
120JES and Spheres. By Juergen TV.Heberle, George P.
WOOGand Paul B. Gooderum.

2001. Aerodynamic Characteristics of Damping Screens. BY G.
B. %hubaner, lV. G. Spangenberg, and P. S. KIebanoff.

2002. Application of the Laplace Transformation to the Solution
of the Lateral and Longitudinal StabiIity Equations
By G. A. MOkFS@i.

2003. Investigation of a NACA High-Speed Strain-Gage Torque-
meter. By John J. Rebeake, Jr.

2004. An Irxwstigation of the Stabiiity ofs. System Composed of
a Subsonic Canard Airframe and a Oanted-hte Gyro-
scope Automatic Pdot. By Robert A. Gardiner, Jacob
Zarow.ky, and H. O. Ankenbruck.

2005. A Theoretical Analysis of the Effect of Tme Lag in an
Automatic Stabilization System on the LateraI Oscilla-
tory Stability of an Airplane. BY Leonard Sterntield
and Ordway B. Gates, Jr.

2006. A Theoretical Investigation of the Effect on the Lateral
Oscillations of an Airplane of an Automatic Control Sen-
sitive to Yawing Accelerations. BY &noId R. Beck-
hardt.

2007. The IAad Distribution Due to SidesIip on Triangular,
Trapezoidal, and Related PIan Forms in Supersonic
Flow. By Arthur L. Jones and Alberta Alksne.

200S. The Design, Operatio% and Uses of the water ChanneI as
an hstrument for the Investigation of CompressibIe-
FIow Phenomena. By Clarence TV. Matthews.

No.
2009. Theoretical CaIcnIations of the Supersonic Pressure DS

tribntion and Tare Drag for a Limited Family of
Tapered Smepthack Wings with Symmetrical Para-
bolic-&e sections at Zero IJf t. By Julian H. Kainer.

201& Effect of Horizontal Tail on Low-Speed Static LateraI
StabiLity Characteristics of a Model Having 45- Swept-
baclc T’i’ingand Tail Surfaces. By Jack D. Brewer and
Jacob H. Liechtenstein.

2011. Sps,nwise Loading for _iVings and Control Surfaces of
Low Aspect Ratio. By John DeYoung.

~ti. Results of Shear Fatigue Tests of Joints with %G-Inch
Diameter 24&T31 R1vete in O.OS-&Inch-Thick AlcIad
Sheet. By MarshaIl Holt.

2013. A Study of the Use of Experimental StabiIity Derivatives
in the Calculation of the LateraI Disturbed MotIons of
a Swept-TVing Airplane and Comparison with Flight
Results. By John D. Bhd and Byron M. Jaquet.

2014. Static Longitudinal StabiIity and Control of a Convertibk-
Type Airplane as Affected by Articulated- and Rigid-
Propeller Operation. By Roy H. Lange and Huel C.
McLemore.

2015. TVater Landing Investigation of a ModeI Having a Heavy
Beam Loading and a 30= Angie of Dead Rise. By Sid-
ney A. Batterson and A. Ethelda 2&A.rver.

2016. Floating Characteristics of Rudders and Elevators in
Spinning Attitudes as Determined from Hinge-Moment-
Coefficient Data with Application to PersonaPOwner-
Type Ab@e.nes. By TTiIUam BiiIe, Jr.

2017. A SmaU-Deflection Theory for Curved Sandwich Plates.
By Manuel Stein and J. Mayers.

201S. Law-Speed Investigation of a Thin, Faire& Double-IVedge
Airfoil Section with Nose FIaps of Various Ohorda.
By Leonard 31. Rose and Tohn ?& AItman.

.2019. Penetration of Air Jets Issuing from OircuIar, Square, and
Elliptical Orifices Directed Perpendicularly to an Air
Stream. By Robert S. Ruggeri, Edmund El. CaIIaghan,
and Dean T. Bowden.

2020. Compressive Strength of Flanges. By EIbridge Z. StoweIL
MEL BuckIing of Thin-Walled CyIinder under AxiaI Compres-

sion and InternaI Press- By Hsu Lo, HaroId Crate,
and Edward B. Schwarts.

2022. Propeller Flight Investigation to Determ”me the lZffecte
of BIade Loading. By Jerome B. Hammack and A. _tV.
VogeIey.

2023. Determination of the Rate of RoI1 of Pilotless Aircraft
Research 310deIs by Means of PoIarized Ra&Io T’7aves.
By Orville R. Harris.

202& Sound Measurements for Five Shrouded PropeIIers at Sta-
tic Conditiona. By Harvey H. Hubbard.

.3E25. Effect of ValFe OwrIap and Compression Ratio on Varia-
tion of Measured Performance with EkhaUst Pressure .
of Aircraft Cylinder and on Computed Performance of
Compound Power Plant. By CarroLl S. Eian.

2026. TabIes for Determining Reduction of Energy and Intensity
of X-Rays and Gamma-Rays at Various Scattering
Angles in Small Thicknesses of Hatter. By G. AIIen.

2027. Friction and wear of Hot-Pressed Bearing Materials Con-
taining XIoIybdenum DisulSde. BY Robert L. Johnssn,
Max A. Swikert, and Edmond E. Bisson.

.-

2022 Effect of TrmneI Ccmf@mation and Testing Technique on
Cascade Performance. BY John R. Erwin and James

-—

C. Emery.
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No.
2029. The Interpret ation of Biaxial-Tension Experiments In-

voIving Constant Stress Ratios. By S. B. Batdorf.
2N(), variation with Tem~cwature of Surface Tension Of Lubri-

cating Oils. By Sydney Ross.
2031. Comparative Foaming Characteristics of Aeronautical

Lubricating Oils. By TV.W. Woods and J. V. Robinson.
2032. Foaming of Mixtures of Pure Hydrocarbons. By J. Y.

Robinson and W. W. Woods.
2033. Rise of Air Bui)i)les in Aircraft Lubricating Oils. By J. V.

Robinson.
2034. l?irst-Or(ier l’heory for Unsteady Motion of Thin lVings at

Supersonic Speeds. By Barry Moskowitz and W. El.
MoeclceL

2035. A Method of Determining the Effect of AirPlane StabiIity
on the Gust Load Factor. By Bernard Mazelsky and
Franklin W. Diederich.

2036. Charts of Xlrplnne Acceleration Ratio for Gusts of Ar-
bitrary Shape. By Bernard Mazeiaky.

2037. Resistance of Six Cast High-Temperature Alloys to Crack-
ing Caused by Thermal Shock. By M. J. Whitman,
R. W. Elall, and C. Yaker.

2038. Compressive Properties of !Htaniurn Sheet at Elevated
Temperatrm?s. By Paul F. Barrett.

2039. Investigation of Fretting Corrosion by Microscopic Ob-
servation. By Douglas Godfrey.

2040. Analysis of an Induction Blowdown Supersonic Tunnel.
By Jerold M. BidvmlI.

2(MI. An Experimental Investigation of the NACA 631-012 Air-
foil Section with Leading-Edge and Midchord Suction
Slots. BY George B, ldcCuIlough and DonaId E. GauIt.

2042. Time-Dependent Downwash at the Tail and the Pitching
Moment Due to Normtil Acceleration at Supersonic
Speeds. By Herbert S. Ribner.

2043. IZxpcrimental Analysis of a Pressure-Sensitive System for
Sensing Gas Temperature. BY Elchard S. Cesrmo,
Robert J. Koenig, aiid George J. Pack.

2044. Pressure Distribution and Some Effects of Viscosity on
SIeucier Inclined Bodies of Revolution. By H. Julian
Alien.

~1)45. A~~roximate T~lrbulent Boundary-Layer Development in

Plane Compressible F1OTVaIong Therma!Iy Insulated
Surfaces with Application to Supersonic-TunneI Con-
tour Correction. By Maurice Tucker.

~046. A hletl~od of Calibrating Airspeed installations On Air-

planes at Transonic and Supersonic Speeds by Use of
Temperature Measurements. BY John A. Zalovcik.

2047, Pressure Dkdribution and Damping in Steady Roll at
Supersonic Mach Numbers of Flat Swept-Back Wings
with Subsonic Edges. By HaroId J. Walker and Mary
B. Ballantine.

~O#c T~oreticaI Lift and Damping in RoI1 of Thin &vept-

back Tapered Wings with Raked-In and Cross-Stream
Wing Tips at Supersonic Speeds. Subsonic Leading
Edges. By Kenneth MargoIis.

2049. Analysis of Factors Influencing the StaMity Characteris-
tics of Symmetrical Twin-Intake Air-Induction Systems.
By Norman J, Martin and Curt A. HoIzhauser.

2050. Properties of a Boron Carbide-Iron Ceramal. By W. G.
Lidman and H. J. Hamjian.

2051, Spin-Tunnel Investigation to Determine the Effect on
Spin Recoveries of Reducing the Opening Shock Load
of Spin-Recovery Parachutes. By Ira P. Jones, Jr.,
and Walter J. KIinrm.

No.
~0~~. Effects of an Aging Treatment IJU Life of S1l}~l~ (%st

Vitallituu Gas-Turbine BIades. By Charles A. Iloff-
rnan and CharIes Yaker.

2053. Effect of Heat tind Power Extraction on Turbojet-Engine
Performance. I—Analytical Method of I’erformnnce
Evaluation with Compressor-Outlet Air Bleed. By
Reece V. HensIey, Frank E. ltom, and Stauley L. Koutm

2054, Stress and Distortion Measurements in a 45° Swept Box
Beam Subjected to Antisymmetrlcal Bending and Tor-
sion. By George W. Zender and Richard R. EIeldenfels.

2055. Tables of Wing-AUeron Coefficients of Oscillating Air
Forces for Two-Dimensional Supersonic Flow. By
Vera Huckel and Barbara J. Durling.

2056. Velocity Distribution on Wing Sections of Arbitrary Shape
in Compressible PotentiaI Flow. IH-Circulatory
I?lows Obeying the Simplified Density-Speed Rclallon.
By “Lipman Bers,

2057. A Method of Computing Subsonic 11’lows around G1-ren
A-irfoils. By Abe GeIbart and Daniel Resch,

2058. On the Continuation of a PotentiaI Gas Flow Across the
Sonic Line. By Lipman 13ers.

2050. Method of Experimentally Determining Radial Dist ribu-
tions of Velocity through Axial-i?low Compressor. By
Harold B. Finger.

2060. A Recurrence Matrix Solution for the Dynamic Response
of.Aircraft in Gusts. By John C. HouboIt.

2061. The Effect of Rate of Change of Angle of Attack on the
Maximum Lift of a Small Model. By Paul W. Harper
and Roy IL Flanigan.

2062. Dynimic Similitude between a Model and a l?ull-Scale
Body for ModeI Investigation at Full-ScaIe Mach Num-
ber. By Anshal I. Neihouse and PhiIip W. Pepoon.

2063. A Comparison of Theoretical and Experimental Wing
Rending Moments during SeapIane Landjngs. By Ken-
neth F. Merten, Jos15L. Rodrfguez, and Edgar B. Beck,

2064. Effect of Aspect Ratio on the AIr Forces and Moments
of Harmonically OscllIating Thin Rectangular Wings in
Supersonic Potential Flow. By Charles E. Watidns.

2065. A Transformation Theory of the Part[al DitYerential Equa-
tions of Gas Dynamics. By Charles Lomvner.

2066. Correlation of Effects of Fuel-Air Ratio, Compression
Ratio, and Inlet-Air Temperature on Knock Limits of
Aviation Fuels. By Leonard K. Tower rmd Henry I&
Aiquist.

2067. Chart for Simplifying Calculations of Pressure Drop of
a _Klgh-Speed Compressible Flnld under Simult imeous
Action of Friction and EIeat Transfer—Application to
Combustion-Ohamber Cooling Passages. By 3ferwin
Sibdkin and TWliiam K. Koffel.

2068. Theoretical Effect of Inlet IiIub-TIp-Rtidins Ratio ~and
Design Specific Mass F1OW on Design Performance of
Axial-FIow Compressors. By Chnng-Efua WU, John T.
Sinnette, Jr., and Robert E. Forrette.

2069. Cylinder-Head Temperatures and Cooiant Heat Rejection
of a Ithdticylinder Liquid-Cooled Eng!ne of 1650. CulJ1c-
Inch Displacement. By John H. Ptwolny, Louis J.
Bogdan, and Louis J. Chelko.

2070. Knock-Lhnited Performance of Fuel Blends Containing
Ethers. By I. L. Drell and J. R. Branstelter.

2071. Chai%s of Thermodynamic Properties of Air and Ccnn.
bustion Products from 300° to 3500° R, By Robert
E. English and William W. TVachtL
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No.
2072. An Investigation of Aiicraft Heaters. XXXHI-Experi-

mentaI Determination of Thermal and Hydrodynamical
Behavior of Air Flowi~~ aIong Finned Plates. By
L. M. K. BoeIter, R. Leasnre, F. E. Rmnie, V. D.
Sanders, W. R. EIswick, and G. Yonng.

2073. Stress and Strain Concentration at a Circular Hole in
an Infinite Plats By Elbridge Z. Sto’mll.

2074. Aerodynamic Characteristics at Reynolds Numbers of
3.0 x I@ and 6.0x I@ of Three AirfoiI Sections Formed
by Cutting Of Various Amounts from the Rear Por-
tion of the NACA 0012 AirfoiI Section. By Eiamilton
A. Smith and Raymond F. Schaefer.

2075. Free-Flight-Tunnel Irrestigation of Dynamic Longitudinal
Stability as Influenced by the Static Stability lteasured
in Wind-Tunnel Force Tests under Ocmditions of Clon-
stant Thrust and Ccmstant Power. BY Robert O.
&hade.

.XK6. Friction of Surface Films Formed by Decomposition of
Common Lubricants of SeveraI Types. BY Robert L.
Johnson, Douglas Godfrey, and Edmond E. Bisson.

2077. A Determination of the Laminar-, Transitional-, and Tur-
bnlent-Boundary-Layer Temperature-Recovery Fhctors
on a Flat Plate in Supersonic FIov?. BY Jackson R.
Staider, Morris TV.Rubesin, and Thorval TendeIand.

2078. Horizontal Tail Loads in Maneuvering Flight. By Henry
A. Pearson, ~illiam A. 31cGowan, and James J.
Donegan.

207% Experiments in External ?XoiseReduction of Light Air-
planes. By Leo L. Beraneli, Fred S. E1welI, John P.
Roberts, and (3.FaTetteTaylor.

2030. ~ind-!Funnel lnYestigation at Low Speed of an Unswept
UntaPered Semispan wing of Aspect Ratio 3.13
Equippad with Various 25-Percent-OhordP1ain maps.
By Harold S. Johmon and John R. Hagerman.

2(M. Correlation of Physical Properties with llolecular Strnc-
ture for Dk$clic Hmlrocarbons. l—2-r@&ll@heny’1,
l,l-Diphenylalkane$ a,mDIPhenYlalkane, lJ-DicYclo-
hexylalkane, and a,mDicycloh~Mae Series. By p.
E. Tke, K. ‘P. Serijan, and I. & Goodman.

2032. A Review of Information on the Mechanical Properties
of AIuminumAlloys at Low Temperatures. BY K. O.
Bogardns, G. T. Sti&ley, and F. 3f. HomeII.

20S3.Theoretical Analysis of various Thrust-Augmentation
cycles for Turbojet Engines. BY Bruce T. Lnndin.

2084. Strength Properties of Rayon-Mat Honeycomb Core lfa-
teriaIs. By W. J. Kommers.

2035. Stress-Strain and Elongation Graphs for Aluminum-AUoy
75S-T6 Sheet. By James A. 3fiIler.

20S6. Hovering and Low-Speed Performance and Control
Characteristics of an Aerodmmmic-ServocontroIledHel-
icopter Rotor System as Determined on the Langley
HeIiCopterTower. By Paul J. Carpenter and Russell S.
Paulnock.

2037. Comparison of Theoretical and Experimental Heat Trans-
fer on a Cooled 20° Cone with a Laminar Boundary
Layer at a Mach Number of 2.02. BYRichard Scherrer
and Forrest E. Gowem

2033. Performance and Load-Range Characteristics of Turbojet
Engine in Transonie Speed Range. By Bernard
Lmbarsky.

20S9. A Comparison of the Lateral ControllabiIi@ with FIaP
and Plug AiIerons on a Sweptback-Wing Model. BY
PoweLlY. Lwrell, Jr., and Paul P. Stassi.

No.
2090. Investigation of Spark-Over Toltag+Dem=ity Relation

for Gas-Temperature Sensing. By Robert J. Koenig
and Rkhard S. Cesaro.

.M)9L Dynamics of a Tnrbojet Engine Considered as a Quasi-
Static System. By ?Sdmard W. Otto and Burt L.
TayIor, III.

12093. Formulas and Char@ for the Supersonic Lift and Drag
of Fiat S-wept-Back Wings with bteracting Leading
and Trailing Edges. By Doris Cohen.

2004. Stress-Strain and Elongation Graphs for AIcIad Alumi-
num Alloy 24S-T36 Sheet. By James A. 3filIer.

2095. Application of the Wir@Jesh PIotting Device to Incom-
pressible Cascade Flows. By WiiIard R. Weatphal and
James C. Dunavant.

2096. The Effects of Amount and Type of Camber on the Varia-
tion with Mach Number of the Aerod~amic Charac-
teristics of a I@Percent-Thick NACA 6A-Series Airfoil
Section. By James L. Summers and Stuart L Tram.

2097. Improvement of High-Temperature Properties of 3fag-
nesium-Cerium Forging Alloys. By K. Grube, J. A
Davis, L. TV.Eastwood, C. H. Lorig, and H. C. Cross.

2008. The Effects of Stability of Spin-Recovery TaiI Parachutes
on the Behavior of AirpIanes in G1iding l?light and in
Spins. By StanleT H. Scher and John TV. Draper.

2099. A Method of CaIibratiig Airspeed InstaIIations on Air-
pIanes at Transonic and Supersonic Speeds by Use of
Accelerometer and Attitude-&@e Measurements. By
John A. Zalovcik.

2100. Comparison between Theory and Experiment for Wings
at Supersonic Speeds. By Waiter G. Viicenti.

21OL A A’umericaI Procedure for Designing Cascade BIades with
Prescribed Velocity Distributions in Incompressible
PotentiaI FIow. By Arthur G. Hansen and Peggy L.
Yohner.

2102. Review of Literature Pertinent to Fhw-Extinguishing
Agents and to Basic 31echanisms Involred in Their Ac-
tion. By George Fryburg.

2103. Maximum Pitching AngnIar Accelerations of Airplanes
Measured in Flight. By CIoyce E. Matheny.

Z104. Theoretical Turbojet Thrust. Augmentation by Evapora-
tion of Water during Compression as Determined by
Use of a MoIIier Diagram. By Arthur 31. Trout.

2105. Turbojet Thrust Augmentation by Evaporation of Water
Prior to l&chanicaI Compression as Determined by
Use of Psychometric Chart. BY E. CIinton lVilcox. -.

2106. Raluation of Sereral Adhesives and Processes for Bond-
@ sandwich Constrnctiom of Aluminum Facings on
Paper Honeycomb Core. By H. lV. Eickner.

2107. Investigation of First Stage of Two-Stage Turbkte De-
signed for Free-Vortex Flow. By G. ~. Englert and
A. O. Rosa.

2103. Analytical 3fethod for Determining Tram=mission and
~SOrptiOn of Tim&Dependent Radiation through Thick
Absorbers. II-Absorber with Radioactive Daughter
Products. By G. Allen.

2109. Frequency Response of Positi~&Displacement Variable+
Stroke Fuel Pump. By Harold Shames, Seymour 0.
HimmeI, and Darnold Blivas.

21.10. Interferometer Corrections and Measurements of Lad-
nar Boundary Layers in Supersonic Stream. By Robert
E. Blue.
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No,
2112. Further Experimental Studies of Area Suction for the

ControI of the Laminar Boundary Layer on a Porous
Bronze NACA 64AO1O Airfoil. By Albert L. Braslow
and Fioravante ViscontL

2118. GeneraI Method for Computation of Equilibrium Com-
position and Temperature of ChemicaI Reactions. By
Vearl N. Huff and Virginia E. Morrell.

2114. 7.!heoretical Llftand Damping in Roll of Thin W'ings with
Arbitrary Sweep and Taper at Supersonic Speeds.
Supersonic Leading and TraiIing Edges. By Sidney
M. Harmon amd Isabella Jeffreys.

2115. Theoretical Waye Drags and Pressure Distributions for
Axially Symmetric Open-Nose Bo&les. By John R. Jack.

2116. Linearized Supersonic Axially Symmetric Flow about
Open-Nosed Bodies Obtained by Use of Stream Func-
tion. BY Franklin Moore.

2118. Investigation of a NACA High-Speed OpticaI Torquemeter.
By John J. Rebeske, Jr.

2119. Effect of Humidity on Performance of Turbojet Engines.
By John C. Sarnuels and B. M. Gale.

2121, Study of Effects of Sweep on the Flutter of Cantilever
Wings. By J. G. Barmby, H. J. Cunningham, and L E.
Garrick.

2122. Theoretical Calculations of the Lateral Force and Yaw-
ing Moment Due to Rolling at Supersonic Speeds for
Sweptback Tapered Wings with Streamwise TIPS.
Subsonic Leading Edges. By Kenneth Margolis.

2125. PrandtI-Meyer Flow for a Diatomic Gas of Variable
Specific Heat. By Robert N. ~oyes.

21.27.An Investigation of the Effect of TetraethYl Lead and
Ethy’1Nitrite on the AutolmitIon Characteristics of
Isooctane and Triptane. By J. U, Jovellanos, ~. S.
Taylor, 0. F. Taylor, and W. A. Leary.

TECHNICAL MEMORANDUMS ‘

Large amounts of the material translated from the German
are parts of two regular series of reports. Reference will be
made to these series of German reports by abbreviations de-
fined as foIlows:

Z’iVB-fintraIe f iir Wissenschaftlides Berichtswssen der Luft-
fahrtforschung des Generalluftzeugmeistere (German Central
Publication O~ce for Aeronautical Reports).

FB—Forschungsbericht (Research Report).

UM-Untersuchungen und Mitteilungen (Reports and Memo-
randa).

No.
1197, Investigations on the Stability, Oscillation, and Stress

Conditions of Airpianes with Tab Control. First Par-
tial Report—Derivation of the Equationa of Motion
and Their General Solutions. By B. Ii’ilzek. From
ZWB, FB 2000 [pt. 1] Oct. 24, lik14.

1198. Investigations on the StabiIity, Oscillation, and Stress
Conditions of Ahplanes with Tab Control. Second Par-
tial Report—Application of the SoIutions Obtained in
the First Partial Report to Tab-Controlled Airplanes.
By B. Filzek. From ZWB, FB 2000 [pt. 21 Nov. 15,
1944,

1l’he missingmmbers in tlie seriesof teehliczl memorantIumswere
released~eforeor nfter the Periodcoveredby this report.

hlo.

1200. Measurement of Oil-l?ilm Pressures in Journal Bearings
Under Constant and Variable Imads. By A. Ruske and
W. Rolli. From Juhrbuch li137 der dcute(!heu Luft-
falu!tforschung, pp. II 67-1178.

1220. Pre&ure-Distribution Measurements on the Tall Surfaces
of a Rotating ModeI of the Design BFW-M 31. BY hf.
Kohler and ‘W. Mautz. From ZWB, FB 7u4, Sept. 30,
1936.

1221. Experimental Flights for Testing of a Reactor as an
Expedient for the Termination of Dangerous Spins.
By P. H6hler and L v. K6ppen. From ZWB, FB 1027,
Feb. 25,1929.

1222. Investigation of the Model ME 210 in the Spin Wind !lXm-
neI of the DVL. Fourth Partial Report—Model with
Long FuseIage and with a Vee Tail. By A. IIuiYachmtd.
From ZWB, UM 1288, June 15,1044.

1226. On the Installation of Jet Engine Nacelles on a Wing.
Fourth Partial Report: Prezsure-Distribution Measure-
ments on a Sweptback Wing with Jet Engine Nacelle.
By R. Buschner. From 2JtVB, Uhf 3176, NOV. 10, 1044.

1227. Moments of Cambered Round Bodies. BY Giinther Kemf.
From Ludwig Prandtl, zum 70. Geburtatage, Schriften
der Deutschen Akademie der Luftfahrtforschung, Ber-
lin, 1945, pp. 136-151.

1228, Behavior of the Laminar Boundary Layer for Perio(R-
caIly Oscillating Pressure varlat ion. BY August Wil-
helm Quick and K. Schr6der. From Ludwig Prttndtl,
zum 70. Geburtstage, Schrif ten der Dcutschen Akade-
mie der Luftfahrtforschung, Berlln, 1945, pp. 247-255.

1231. Report on Investigation of Developed Turbulence. By
L, Prandtl. From Zeitschrift f W angewandte Mathc-
matik und Mechanik, Vol. 5, No. 2, April 1925, PP. 136-
139.

1232. Flight Experiences and Tests on Two Airplanes with
Suction Slots. BY Stiiper. From ZWB, FB 1821, JUIY 1,
1943.

1285. Investigation of Ccmditonz of Titanium Carbonization
—IV. By G. A. Meeraon and Y. M. Lipkes. From
Zhournal Prtkladnoi Khimii. Vol. 18, Nos. 4-5, 1045,
pp. 251-258.

1236. A Class of de LavaI Nozzles. By S. V. Falkovich. From
PrikIadnaia Maternatjka i Mekhanika, Vol. 11, 1047.

1287. On the Motions of an OscflIating System Under the Inffu-
ence of Flip-Flop Controls. BY I. Fltigw-htz and K.
Klotter. From ZWB, UM 1326, Aug. 1, 1943.

1239, Two-Dimensional Motion of a Gas at Large Supersonic
Velocities. By S. V. l?alkotich. From Prikladnaia
Bfatematika i I@khanika, VOI.11,1047.

1242. Theory of Characteristics. BY Dr. W. TolImien. From
Technische Hochschule Dresden, Archlv No. 4W2,
Chapter 2.

1243. Two-DimenslonaI PotentiaI Flows. BY Manfred Schtlfw’
and W. Tollmien. I?rom Technische Hochschule Dres-
den, Archiv No. 44/3, Chapter 3, Mar. 22, 1041.

1244. Rotationally Symmetric Potential I?lows. BY Manfred
Schtifer and W. Tollmien. From Technische HmOI-
schuIe Dresden, Archiv No. 44/4, Chapter 4, h’ov. 18,
1940.

1245 Lift Force of an Arrow-Shaped Wing. By 31. L Gurevich.
From Prikladnaya Matematika i ?dekhaniks, Vol. 10,
1946, pp. 513-520.

1247. Landing Procedure in ModeI Ditching Teats of Bf 109.
By W. Sottorf. From ZWB, FB 951, 1038.
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No.
L2.51. On the Formation of Shock ‘ivaves in Sub.wnic I?Iows

with Local Supersonic Velocities. By F. I. FrankL
From Prikladnaya Matenmtika i 31ekhanika, Vol. II,
1947, pp. 100-202.

3252. Some Studies on the Flow of a Gas in the Region of Transi-
tion through the VeIoeity of Sound. By I. A. ~lebel.
From Izvestia Akademii Nauk, SSSR, No. 3, 1947,
pp. 253-259.

1253. Flow Measurement by Means of Light Interference. By
‘3%.ZobeL From ZWB, FB 1167, Feb. 1, 1940.

1254. Systematic Model Researches on the Stability Limits of
the DVL Series of Float Designs. By W. Sottorf.
From Jahrbnch 1942 der Deutschen Luftfahrtforschung,
pp. I 451-1465.

1255. Equations of 310tioII of a Rocket. By F. R. Gantmacher
and L. M. Levin. From Pr”~adnaya Matematika i
Mekhsnika, VO1. 11, No. 3, 19X, pp. 301-3L2.

1256. The Boundary Layers in IiTnids with LittIe Friction. By
EL Blaaius. From Zeitschrift fiir ?tfathematik und
Physik, VOI.56, No. 1, 1~ pp. 1-37.

1257. Yibration of a Wing of Finite Span in a Supersonic Flow.
By M. D. H&=kind and S. V. Falkovich. From PrikIad-
naya Matematika i 3fekhanika, VOLu 1947, PP. 371-376.
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ditions for the Realization of Jet Engines. By Maurice
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Part 11—COMMITl’EE ORGA.NIZAl’10N AAD MEMBERSHIP

T1-mact of Congress approved March 3, 1915, estab-
lishing the National Advisory Committee for Aeronau-
tics (U. S. Code, Supplement III, title 50, sec. 151),
as amended by act approved March 25, 1948 (Public
Law 549, 80t.h C!ong.), provides that, the Committee
shall consist of 17 members appointed by the President,
and shall include “two representatives of the Depart-
ment of the Air Force; two representath’es of the De-
partment of the Navy, from the ofl%e in charge of naval
aeronautics; two representdives of the CiviI Aeronau-
tics Authority; one representative of the Smithsonian
Institution; one representative of the United States
Weather Btireau; one representative of the National
Bureau of Standards; the Chairman of the Research
and Development Board of the National Military Es-
tablishment,; and not more than seven other members
selected from persons acquainted with the needs of
aeronautical science, either civil or military, or skilled
in aeronautical engineering or its allied sciences?’
These latter seven members serve for terms of five years.
The representatives of the Government organimtions
serve for indefinite periods. All members serve as such
without compensation.

Under date of February 27, 1950, President Truman
appointed Hon. Thomas W. S. Davis, Assistant Secre-
tary of Commerce for Aeronautics, a member of the
Natiomd Advisory Committee for Aeronautics to suc-
ceed I-Ion. ~ohn IL Alison, resiagped.

In accordance -with law, Hon. William Webster was
appointed a member of the Committee March 10, 1950,
following his appointment as Chairman of the Re-
search and Development Board of the Department of
Defense. Mr. Webster succeeded Dr. IIarl T. Con@on,
whose membership on the Committee was terminated
in N’ovember, 1949, upon” his resignation as Chairman of
the RDB.

Vice Adm. John H. Cassady, USN, Deputy Chief of
Naval Operations (Air), was appointed a member of
the Committee on March 11,1950 succeeding Vice Adm.
John D. Price, USN, relieved upon his transfer to duty
away from Washingto&

In view of the recent establishment in the Air Force
of the post of Deputy Chief of Staff, Development,
Maj. Gen. Gordon P. SaviI1e, USAF, who is serving
in that capacity, was appointed under date of October

&?

19, 1950, a member of the National Advisory Conmlit-
tee for Aeronautics to succeed Gen. Hoyt S. Vanden-
berg, USAF.

In ai~ordance -with the regulations governing the
organization of the Committee as approved by the l?rcs-
ident, the Chairman and Vice Chairman am electcd
annually, as are also the Chairman and I’ice Chairmim
of the Executive Committee.

On Octuber 19, 1950, Dr. Jerome C. Hunsidier was
reelected Chairman of the NACA and of the Executive
Committee, and Dr. A1exander Wetmom and Dr.
Francis W. Reic~lelderfer were reelected .Vicc Chair-
man of the NACA and lTice Chnirrnan of the Executive
Committee, respectively.

COMMITTEE ON ABRODYMWICS

Dr. Theodore P. lVr@ht, Cornell University, Chairman.
Capt. Walter S Diehl, U. S. ~,, Bureau of Aeronautics, I’M

Chairm&.
Brig. Gem Leslie n. Himon,U. S. A., O~ce of the chkf Of

Ordmmce.
Dr. A1~eii-E. hmbaid, Jr., Otllce,IXrectoratc of Research and

Development,U. S. Air Force.
Col. Jack A. Gibbs, U. S. A. l?,, Air llat&Iel Ccmmaml.
kfr. F. A. Louden, Bureau of lteronautics, I)epar~mentof the

Navy.
Capt..11.R. KelleY,U. S. N. (Ret. ), Bureau of Ordnance.
Ilfr. Harold D. Hoekstraj CM1 Aeronautics Admtnlstration.
Dr, Hugh L Dryden (es ofEcio).
hr. P’loYd L. T~ompson, NACA Langley Aeronautical Lab-

oratory.
Mr. CarIton BioIetti, A’ACA Ames Aeronautical Lriiwratory.
Prof. Jesse W. Beams, University of Virgi nh%
Mr. Clarence L. Johnson, Lockheed Aircraft Corp.
Mr. Otto E. Kirchner, American Airlines, Inc.
Mr. John G. Lee, United Aircraft Corp.
Mr. Grover Lcening.
Prof. Joti R. Markham, Massachusetts Iustitute of Technology.
Dr. Clark B. MiIlikan, California Institute of Technology.
Dr. W. Bailey Oswald, Douglas Aircraft Co., Inc.
Mr. L, E. Root, Rand Corp.
Mr. George S. Schairer, Boeing Airplane Ch
Prof E. S. Taylor, Massachusetts Institute of Technology.

Mr. Milton B. Ames, Jr., Secretary.
—

Subcommittee on Fhlid Mechanics

Dr. (lark B. Millikan, Califmnia Institute of TechuoIogy,
Chairman.

Mr. Joseph Sternberg, Balliatic Research Laboratories, Aber-
deen Proving Ground.
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Dr. Frank L. Wattendorf, Office, Chief Scientific Adtisor, U. S.
Air Force.

Capt. Waiter S. Diehl, U. S. N., Bureau of Aeronautics.
Dr. E. Bromberg, Oftice of Naval Research, Department of the

Na~y.
Dr. Raymond J. Seeger, NavaI Ordnance Laboratory.
Dr. G. B. Scimbauer, National Bureau of Standards.
Dr. Carl KapIan, NACA Langley &ronauticaI Laboratory.
2Jr. John Stack, 3LM2.AL@.ngIeyAeronautical Laboratory.
Mr. Robert T. Jones, NACA ties Aeronautical Laboratory.
Mr. Walter G. W.ncenti. NACA ties AeronanticaI Laboratory.
Dr. John C. Evvard, NACA Lewis Flight Propulsion Laboratory.
Dr. William BolIay, North American Aviation, Inc.
Dr. Francis H. CIauser, Johns Hopkins Untvemity.
Prof. Howard W. Emmons, Harvmd University.
Dr. Hans TV. Elepmann, CttIifornia Institute of !l!echnolofg.
Dr. C. C. Lii, Massachusetts Institnte of Technology.
Dr. William R. Sears, CorneIl University.

?&. E. O. Pearson, Secrehtry.

Subcommittee on High-Speed Aerodynamics

Mr. John G. Lee, United Aircraft Corp., chairman.
Mr. Cl. L. Poor, III, BaIIistic Research Laboratories, Aberdeen

Proving Ground.
Mr. H. L. Anderson, Aii 31at&iel Command, U. S. Air Force.
COLRobert M Tray, U- S.& F., & Mat4riel Command.
Comdr. Sydney S. Sherby, U. S. N., Bureau of Aeronautics.
Mr. William FL Mller, Bureau of Aeronautics, Department of

the A’ary.
Mr. Oscar Seidman, Bureau of Aeronautics, Department of the

Navy.
Dr. George L. Shue, NavaI Ordnance Laboratory.
Mr. Robert R. Gllruth, NACA Ls@ey Aeronautical Laboratory.
Mr. John Stack, NACA Langley Aeronautical Laboratory.
Mr. H. Julian AI1en, NACA Ames Aeronautical Laboratory.
2Jr. Abe SiIveratein, NACA Lewis Flight Propulsion Laboratory.
Mr. Wring L. Ashkeuas, NorthroP tircraft, Inc.
Mr. Benedict CohU Boeing Airpki.ne Co.
Mr. Paul C. Ernmons, BeII Aircraft Corp.
Mr. HmoId Lusliin, Douglas Aircraft Co., Inc.
Prof. John R. Markham. Mas.sschusetts Institute of Technology.
Mr. C. E. Pappas, RepubIic Aviation Corp.
Mr. Allen E. Puckett, Hughes Aircraft Co.
Mr. Wiiliam C. SchoolEeld, Chance Vought Aircra% United

Aircraft Corp.
Mr. EL A. Storms, Jr., North American Atiation, Inc.

Mr. Jack D. Brewer, Secretary.

Subcommittee on Stability and Control

CapL Waiter & Dieb.L U. S. N., Bureau of Aeronautics,
Chairman.

Mr. Melvin Shorr, Air Mat6rie1 command, U. S. Air Force.
Mr. Gerald G. Kayten, Bureau of Aeronautics, Department of

the Navy.
Mr. John A. Carran, CMI Aeronautics Administration.
Mr. Thomas A. Harris, NACALangley Aeronauticttl Laboratory.
31r.Harry J. Goett, NACAAmes Aeronautical Laboratory.
Mr. PhiIip A. CoIroan,Lockheed Aircraft Corp.
Mr. Herbert Harris, Sperry Gyroscope Co.,Inc.
Mr. David S. Lewis, 31cDomelI ~craft Corp.
Mr. IV.F. XElliken,Jr., Cornell Research Foundation, Inc.
Mr. DaIe D. Myers, North &nerican Atiation, Inc.
Prof. CLD. Perkins, Princeton University.

M66M?-51—6

Prof. Robert C. Seamans, Jr., M=cachusetts hatitute of
!lkchnoIogy.

Mr. CharIes TiIgner, Jr., Grumman Aircraft Engineering Corp.
Prof. Fred E. W%?iclr,AgricuIturrd and Mechanical CoIIege of

Texas.
Mr. Bernard lfaggin, Secretary.

Subcommittee on Internal Plow

Dr. Stewart Way, Westinghouse EIectric Carp., Chairman.
Mr. Jack J. A-Hen, Air 31at&5el Command, U. S. Air Force.
?&. Joseph Flatt, Air 31at&ieI Cammand, U. S. Air Force.
Mr. Parker M. Bartlett, Bureau of Aeronautics, Department of

the h’avy.
Mr. C-L. Zaldmrtchenko, Naval Ordnance Experimental Unit.
Mr. John V. Becker, NACA LangIey Aeronautical Laboratory.
lir. E. A. Xossman, NACA Ames Aeronautical Laboratory.
Mr. DeMarquis D. Wyatt, NACA Lewis FIight Propulsion Lab-

oratory.
Mr. Henry H. HoacUey, United Aircraft Corp.
Mr. W. J. O“DonnelI, RepubIic Aviation Corp.
Mr. Otto P. Prachar, AIIiSon Division, General 310tors Corp.
Mr. Ralph H. Shit.@ Consolidated Vrdtee Aim-raft Corp.
Mr. A. M. O. Smith, Douglas Aircraft Co., Inc.
Mr. Maurice A. SuIkin, North American Aviation, Inc.

?dr. Roy J. lWewaId, Secretary.

%&committee on PropeUers for Aircraft

Mr. Thomas B. Rhines, Hamilton Standard Di*ion,
Aircraft Corp., Chairman.

Ur. Anthony F. Dernbach, Air Mat&iel Command, U-
Force.

Mr. DanieI A. Dickey, Air 31at&ieI Command, U. S. Air Forc&
Mr. GeraId L. De=mnond, Bureau of Aeronautics, Department of

the Navy.
Mr. Ivan H. Driggs, Bureau of Aeronautics, Department of the

h’avy.
ltr. John C. Morse, CiviI Aeronautics Administration.
Mr. Eugene C. Draley, XACA Langley Aeronautical Laboratory.
Mr. Robert M. Crane, N.ACA &nes Aeronautical Laboratory.
Mr. George IV. Brady, C!urtW-Wright Corporation.
Mr. Frank W. Oaldwell, United Akcraft Corp.
Mr. Wilfred W. Davies, United Air Lines, Inc.
Mr. A. L. Jarrett, Chance Vought Aircraft, United Aircraft GOKP.
Mr. Ralph R. LaMotte, GeneraI Motors Corp.
Mr. Robert B. Smith, DougIas Aircraf t Co., Inc.

Mr. Ralph W. May, Secretary.

!%bwmrnittee on Seapkmes

Mr. Grover Loening, Chairman.
Mr. Joseph A. EIIis, Ah Mat&ieI Command, U. S. Air Force.
Mr. J. 3L Herald, Air Mat4riel Command, U. S. Air Force.
Mr. Charles J. Daniels, Bureau of Aeronautics, Department of

the Xa_ry.
Mr. F. W. S. Locke, Jr., Bureau of Aeronautics, Department of

the Navy.
Mr. Oharlie Ct.Garrison, OfEce of Nawal Research, Department

of the N’avy.
Comdr. Ira W. Brown, Jr., U. S. N., Naval Air Test Center,

Patuxent.
Commander C. W. SterIing, U. S. h“., Datid TV. Taylor ModeI

Basti.
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Commander Donald B. MacDiarmid, U. S. C. G., U. S. Coast Dr. O.”R. Wulf, California Institute of Technology.

Guard Air Station, San Diego. -- Mr. Ralph Zirldand, Oak Ridge NatIonaI Laboratory.

Mr. John Boshar, Civil Aeronautics Administration.
Mr. John B. Parkinson, NACA LangIey Aeronautical Labora-

tory.
Dr. K, S. hf. Davidson, Stevens Institute of Technology,
Mr. J. D. Pierson, The Glenn I+ Martin Co.
Mr. William R, Ryan, Edo Corp.
Mr. El. (k Stout, ConsoHdated Vultee Aircraft Corp.
Mr. H. B. Suydam, Grumman Aircraft Engineering Corp.

Mr. John W. Elbert, Secretary.

Subcommittee on Helicopters

Mr. Richard H. Prevritt, Prewitt Ah?craft Co., Chairman.
Mr. Bernard Llndenbaum, Air Materiel Command, U, S. Ah!

Force.
Mr. P. A, Simmons, Air Materiel Command, U. S. Ah’ Force.
Lt., Col. Jack L. Marinelli, F. A., Army FleId Forces.
Commander C. E, Houston, U. S. N., Bureau of Aeronautics.
Mr. Raymond A, Young, Bureau of Aeronautics, Department

of the Navy.
Commander Frank A. Erickson, U. S. C. G., Naval Air Test

Center, Patuxent.
Mr. R. B. Maloy, Civil Aeronautics Administration.
Mr. B. L. Springer, Civil Aeronautics Administration.
Mr. Nichard C. Dhgeldein, NACA LangIey Aeronautical Lab-

oratory.
Mr. l?. B. Gustafson, NACA Langley Aeronautical Laboratory.
Mr. Michael E. Gluhareff, Sikorsky Aircraft, United Aircraft

Corp.
Mr. Charles H. Kaman, The Kaman Aircraft Corp.
Mr. Bartram Kelley, BeIl Aircraft Corp.
Mr. Rene I-L bfiIler, Massachusetts Institute of Technology.
Mr. Robert R. Oshorn, IKcDonneIl A[rcraft Corp.
Mr. l?. N. Piasecki, Piasecki Helicopter Corp.
Mr. N. M. Stefano, Hughes Aircraft Co.

Mr. Leslie E. Schneiter, Secretary.

Special Subcommittee on the Upper Atmosphere

Dr. Harry WexIer, U. S. Weather Bureau, Chairman.
Dr. Sverre Petterssen, Air Weather Service, U. S. Air Force.
CoI. Benjamin G. Holzman, U. S. A. l?., Office, Deputy Chief of

Staff for Matt!riel, Department of the Air Force,
Maj. Frederic C. E. Oder, U. S. A. F., Air Force Cambridge

Research Labs.
Dr. Marcus D. ODay, Air Force Cambridge Research Labs.
Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics.
Capt. R. O. Minter, U, S. N., Naval AeroIogical Service.
Dr. Homer E. Newell, Jr., Naval Research Laboratory.
Dr. W. G. Brombacher, NationaI Bureau of Standards.
Dr. Lloyd V. Berimer, Department of State.
Mr. William J. O’Sullivan, NACA Langley Aeronautical Labora-

tory.
Dr. CarI W. Gartlein, CorneIl University.
Dr. B. Gutenberg, California Institute of Technology.
Dr. Harvey HalI, University of Southern California.
Prof. Bernhard Haurwitz, New York University.
Dr. Joseph Kaplan, University of California.
Dr. Zdenek Kopal, Massachusetts Institute of Technology,
Dr. C, L. Pekeris, The Institute for Advanced Study,
Dr. J. A. Van Allen, Johns Hopkins University, Applied Physics

Laboratory.
Dr. Fred L. WhippIe, Harvard Unimrsity.

Mr. Leslie El, Schneiter, Secretary.

Cmnmittee on Power Pkmts for Ahcraft

Mr. Ronald hf. Hazen, Allison Division, General Motors Corp.,
Chairman,

Prof. E. S. Taylor, Massachusetts Institute of Technology, Vice
Chairman.

Lt. Col. N. C. Appold, U. S. A. F,, Headquarters, U, S. Air Force.
COLMarvin C. Demler, U. S. A. F., Air Mrit6rieI Command.
Capt. E. M. Condra, Jr., U. S. N., Bureau of Aeronautics.
Mr. Stephen Rolle, CIviI Aeronautics Adminlstratlon,
Dr. Hugh L. Dryden (ex officio).
Mr. Abe SiIverstein, NACA Lewis Flight PropuIslon Laboratory.
Mr. L. S. Hobbs, United Aircraft Corp.
Mr. William M. Holaday, Socony-Vacuum Oil timpany, Inc.
Prof. Joseph H. Keenan. Massnohuserts lnslltute of Tc.chuology,
Mr. R. P. Kroon, Westinghouse Electric Corp.
Mr. William C. Lawrence, American Airlincs, Inc.
Mr. Wilhm G. Lundyuist, Wright Aer~muuthwl Corp., I)ivIsion

of Curtlss-Wright Corp.
Mr. George S. Schairer, Boeing Airplane Co.
Mr. Ivar L. Shogrnn, Douglas Aircraft Co., Inc.
Mr. D. F. Warner, General Electric Cu.

Mr. Robert E. Llt tell, Secretary.

Subcommittee on Aircrnft Fueh

Dr. J. Bennett Hill, Sun 011 Co., Chairman.
Mr. Eweil C. Phillips, Air MatOriel Command, U. S. Air Force
Commander R. 1?. Wadswortlt, U. S. N., Bureau of Aeronautics.
Mr. Ralph S. White, Civil Aeronautics Administration.
Dr. L. C. Gibbons, NACA Leu-is Flight Propulsion Laboratory.
Dr. D. P. Barnard, Standard Oil Co. of Indiana.
Mr. A. J. Blackwood, Standard Oil Development-Co.
Mr. J. L. Cooley, California Research Corp.
Mr. Floyd G. Dougherty, Allison Division, General Motors Corp.
Mr. E. A. Droegemueller, Pratt & Whitney A1rcraf’t, United A!r-

craft Corp.
Mr. S. D. Heron, Ethyl Corp.
Mr. W. M. Holaday, Socony-Vacuum Oil Co., Inc.
Mr. C. R. Johnson, SheIl Oil Company.
Dr. W. E. Kuhn, The Texas Co.
Mr. O, E. Rodgers, Westinghouse EIectrIc Corp.

Mr. Henry E. Alquis~ Secretary.

Subcommittee on ComImstion
.—

Dr. Bernard Lewis. Bureau of Mines. Chairman.
Mr. Garrett L. Wat’lder, Air Mat4riel’Command, U, S. Air Force.
Comdr. R. F. Wadsworth, U. S. N., Bureau of Aeronautics.
Dr. Ernest F. Fiock, National Bureau of Standards.
Dr. TVaIter T. OIson, NACA Lewis Flight I?ropulslon Labora-

tory.
Mr. Edmund D. Brown, Pratt & Whitney Aircraft, United Air-

craft Corp.
Dr. Alfred G. Cattaneo, Shell Development Co,
Prof. Newman A. Hall, University of Minnesota.
Mr. Robert B. Lewis, Wright Aeronautical Corp., Division of

Curtiss-Wright Corp.
Dr. John P, LongWell, Standard 011 Development C%.
Mr. 9?. E. Myers, North American Aviation, Inc.
Mr. A. J. Nerad, General Eiect,ric Co.
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Dr. Robert N. Pease, Princeton University.
Mr. Edwin P. Walsh, Westinghouse Electric Corp.
Prof. G1enu C. TtIIiama, Massachusetts Institute of Technology.

Mr. Henry E. Alquist, Secretary.

Subcommittee on Lubrication and Wear

Mr. E. M. Phiilips, GeneraI Electrie Co., Chairman.
Mr. Henry C SeMl, Air Mat@rid Commsn& U. S. Air Force.
Mr. C. C SingIeterry, Bureau of Aeronantic~ Department of

the Navy.
Dr. William Zisman, NavaI Research Laboratory.
Mr. Edmond E. B~son, NAOA Lewis ~lght Propulsion Lab-

oratory.
Mr. Richard W. Bhiir, Wright Aeronautical Corp., Division of

Ourtias-Wright Corp.
Prof. John T. Burviell, Jr., Massachusetts Institute of Tech-

nology.
Mr. C. J. 31cDovialI, Allison Division, General 310tors Corp.
Mr. Joseph Pakmlich, CIeveIand Graphite Bronce Co.
Mr. Earle A. Ryder, Pratt & Tt%itney Aircraft, United Aircraft

Corp.
Mr. C. H. Stockdale, Westin@ouse EIeetric Corp.
Dr. Haakon Styri, SKF Industries, Inc.
31r. Arthur F. Underwood, General Motors Corp.
Mr. W. Andrew Wrigh~ Sun Oil Co.

Mr. WiIliam H. TVoodward, secretary.

Subcommittee on Compressors

Profi Howard JV. Emmons, Harvard University, Chairman.
Lt. COLJoseph 3L SiIk, U. S. & F., Ah Mat6rieI Cknnmaml.
W?. Demetrios G. Samaras, Air ?Jat6rieI Command, U. S. Air

Force.
Mr. Robert W. Phnes, Bureau of Aeronautics, Department of

the Xavy.
Mr. John R. Erwin, NACA Langley Aeronautical Laboratory.
Mr. W. K. Ritter, N.*CA Lewis Flight Propulsion Laboratory.
Mr. Waiter Doll, Pratt & Whitney Aircraft, United Aircraft

Corp.
Mr. R. S. Hall, GeneraI Electric Co.
Dr. W. R. Hawthorne, Massachusetts Institute of Technology.
Mr. Gordon E. Holbrook, AIIiaon Di~ision, GeneraI Motors Corp.
Dr. Frank E. MarbIe, California Institute of Technology.
Mr. Bernard J. Meager, Wright Aeronautical Corp., Division of

Curtiss-IVright Corp.
31r. Arnold H. Redding. ‘iWatiughouse Electric Corp.
Mr. Allen C. StaIey, Chrysler Corp.
Prof. George F. Wislicenus, Johns Hopkins University.

?&?.Donald J. Todd, secretary.

Subcommittee on Turbims

Mr. Arnold H. Redding, Westinghou.% EIectric Corp., Chairman.
Mr. Ernest C Siipson, Air Mat6rieI (Mmmand, Il. S. Ah! Force.
3Xr. Demetrios G. Samaras, Air 31at6riel Command, U. S. Air

Force.
Comdr. Charles Antoniak, U. S. N., Bureau of Aeronautics.
Mr. Frederick C. V7ieaner, Office of h“aval Research, Department

of the Xavy.
Mr. John V. Becker, N.*CA Langley .%eronauti@ Laboratory.
Mr. Robert O. BuIlock, N.*CA Lewis FIight PropnIsion Lab-

ura tory.
Mr. Earl L. Auyer, General Eiect ric Co.

Mr. Kenneth CampbelI, Wright Aeronautical Corp., Divisdon of
Ourtiss-Wright Corp.

Mr. Jack C. Fetters, AIlison Division, General Motors Carp.
Mr. Donald S. Hersey, Pratt & Whitney Aircraft, United Air-

craft Corp.
Dr. J. T. Rettaliata, Illinois Institute nf Technology.
Prof. Ascher H. Shapiro, Massachusetts Ir&itute of Technology.

Mr. Donald J. Todd, Secretary.

Subcommittee on PropuMon-Systems Ardysii

Prof. Joseph H. Keemm, Massachusetts Instit@e of Technology,
Chairman.

Mr. Opie Chenowet.h, Air Mat4rieI Command, U. S. Ah Force.
Mr. Ivan H. Driggs, Bureau of Aeronauti@ Department of the

Navy.
.-.

Dr. Kennedy F. Rubert, NACALangley Aeronautical Laboratory.
~. Benjamin Piikel, NACA Lewis Flight PrcuuMon ~b-

oratory.
Mr. Dimitrins Gerdsn, Allison Division, General Motors Carp.
3fr. Charles A. Meyer,Westinghouse Electric Corp.
Dr. ~. J. ODonne~ Republic Aviation Corp.
Mr. Erold F. Pierce, wright Aeronautical Corp., Division of

Curffss-~right Corp.
Mr. Perry W. Pratt, Pratt & ~tney tircraft, United Aircraft

Corp.
Mr. E. E. StoecklY,General EIectric Co.
Mr. Lee R. ~oodworth, The Rand Corp.
Dr. Maurice J. Zucrow, Purdue University.

Mr. Richard S. C!esaro, Secretary.

Subcommittee on Heat-Resisting MateriaIs

Mr. Arthur W. 1?.Green, Allison DMsion, General Motors Corp.,
Chairman.

Mr. J. B. Johnson, Air Mat&ieI Commaufl, U. S. Air Fore
Lt. Comdr. A. H. Clsncy, Jr., U. S. N., Bureau of Aeronautics.
Mr. Nathan E. PromkeI, Burean of Aeronautics, Department of

the Navy.
Mr. Irvin R. ~amer, Otiice of Naval Research, Department of

the Navy.
Mr. John H. Collins, Jr., NACA Lewis l?Hght Propulsion Lab-

oratory.
Mr. W’.L. Badger, General lWcWIc Co.
Mr. Howard C. Crossj BatteIle ?demorial Institute.
Mr. RuaselI Franks, Union Carbide & Carbon Corp.
Mr. H. J. French, International Nickel Co.
Prof. Nicholas J. Grant, Massachusetts Institute of ~echnoIogy.
Dr. L. H. MWgsn, The Norton Co.
Mr. Norman L. 310che1, ‘Westinghouse EIectric Corp.
Dr. Gunther Mohliag, Allegheny Ludlum Steel Corp.
Mr. Rudolf H. Thielemann, Pratt & Whihey Aircraft, United

Aircraft Corp.

Mr. William H. Woodward, Secretary.

COMMITTEE ON AIRCRMT COMTRL!CXION

Dr. Arthur E. Raymond, Dongias Aircraft Co., Inc., Chairman.
Mr. R. L. Templin, Aluminum Co. of America, Vice Chairman.
?&. El. H. Schwartc, Air Mat&’iel Command, U. S. Air Force.
Comdr. Raymond E. DoIL U. S. N., Bureau of Aeronautics.
Mr. Albert A. Pollmecke, Civil Aeronautics Administration.
Dr. Hugh L. Dr~den (SX odk!io ).
Dr. Henry J. E. Reid, h’ACA Lm@ey Aeronautical Laboratory.
Mr. CarIton BioIetti, ISACA Ames Aeronautical Laboratory.

-—
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Prof. Raymond L. Bisplinghoff, Massachusetts Institute of
Technology.

Prof. Emerson W. Ckmlon, University of Michigan.
Dr. C. C. Furmis, Cornell Aeronautical Laboratory.
Dr. Alexander A. KartveIi, Republic Aviation Corp.
Mr. W, C. Mentzer, United Air.Ihes, Inc.
Mr. George Snyder, Boeing Airplane Co.
Mr. L. P. Spalding, North American Aviation, Inc.
Mr. Charles R. Strang, Douglas’ Aircraft Co., Inc.

.Mr. Franklyn W. Phillips, Secretary.

Subcommittee on Ahcraft Structures

Mr. Charles R. Strang, Douglas Aircraft Co., Inc., Chairman.
Mr. Joseph Kelley, Jr., Alr llat~riel Command, U. S. Air Force.
Mr. J. W. Farrell, Air MatWlel Command, U. S. Ah Force.
Comdr. James F. Parker, U. S. N., Bureau of Aeronautics.
Mr. Ralph L, Creel, Bureau of Aeronautics, Department of the

Navy.
Mr. William T. Shuler, Civil Aeronautics Administration.
Mr. Samuel Levy, National Bureau of Standards.
Dr. Eugene E, Lundquist, NACA Langley Aeronautical Labora-

tory.
Prof. W. H. Gale, Massachusetts Institute of Technolo~q.
Mr. Ira G. Hedrick, Grumman Aircraft Engineering Corp.
Dr. Nhholas J. Hoff, Polytechnic Institute of Brooklyn.
Mr. Jerome F. McBrearty, Lockheed Aircraft Corp.
Mr. l?rancis MeVay, Republic Aviation Corp.
Mr. John H. Meyer, McDonnell Aircraft Corp.
Prof. Ernest E. Sechler, California Institute of Technology.
Mr. R. L. Templin, Aluminum Co. of America.

Mr. MeIvin (3. Rosche, Secretary.

Subcommittcc on Aircraft Leads

Mr. George Snyder, Boeing Airpkme Co., Chairman,
Mr. Joseph H. Barrington, Air Matfh’iel Command, U. S. Air

Force.
Comdr. Donald J. Hardy, U. S. N., Bureau of Aeronautics.
Mr. Jolm P. Wamser, Bureau of Aeronautics, Department of

the Navy.
hf~. Burden L. Springer, Civil Aeronautics Administration.
Mr. Philip Donely, NACA Langley Aeronautical Laboratory.
Mr. ManIey J. Hood, !NACAAmes Aeronautical Laboratory.
Mr. Albert Epstein, RepuMicAviation Corp.
Mr. F. D. Jewett, The Glem L. Martin Co.
Mr. Jerome F. McBreartY,LockheedAircraft Corp.
Mr. R. W. RummeI, Transcontinental &V7esternAh?,Inc.
Mr. Alfred I. Sibila, Chance Vou@t Ah’craft, United Aircraft

Corp.
Mr. K. )3.Van Every, DongIas Aircraft Co.,Inc.

Mr. R. Fabian (lorrmson, Secretary.

Subcommittee on Vibration and Fiutter

Prof. Raymond L. Bisplinghoff, Massachusetts Institute of Tech-
nology, Chairman.

Mr. Benjamin Smilg, Air Mat6riel Command, U. S. Ah Force.
Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics.
Mr. Douglas T. Egbert, Bureau of Aeronautics, Department of

the Navy,
Mr. Robert Rosenbaum, Civil Aeronatitics Administration.
Bfr. I. E. Garrick, NACA Langley Aeronautical Laboratory.
Mr. A1bert Erickson, NACA Ames Aeronrmtical Laboratory.

COMMITTEE. FOR AERONAUTICS

Mr. Samuel S. Manson, NACA Lewis Flight Propulsion IM.xnvt.
tory.

Dr. Wiiiiam E. C!ox,Northrop Aircraft, Inc.
Dr. J. M. 17rankland, Chance Vought Aircraft, United Aircraft

Corp.
Mr. Martin Goland, Midwest Research Institute.
~Mr.E. B. Khmmman, Boeing Airplane Co.
Mr. H. Erich Nietsch, The Glenn L. Martin Co.

Mr. R. Fabian Goranson, Secretary.

Subcommittee on Ahcraft Structnnd MutcrinIs

Mr. Edgar “H. Dix, Jr., Aluminum Co., of America, Cbairmnn.
Mr. J. B. Johnsonr Air MattlrleI Command, U. S. Air Force.
Mr. James E. Sullivan, Bureau of Aeronautics, Depnrtmeut of

the Nmy.
Dr. Gordon M. Kline, NationaI Bureau of Standards.
Mr. ‘i%’illiamF. Roeser, National Bureau of Standnrds.
.Mr. Stanley Yagiela, Civil Aeronautics Administration.
Dr. S. B. Batdorf, NACA Langley Aeronautical Laboratory.
Mr. Frank B. Bolte, North American Aviation, Inc.
Prof. Maxmeii Gensamer, CoIumbia University.
W?. 0. W. Loudenslager, Goodyear Aircrtift Corp.
Dr. J. C. McDonald, The Dow Chemical Co.
Dr. Robert P’. Mehl, Carnegie Institute of Technology.
Mr, Paul P. Mozley, Lockheed Aircraft Corp.
Mr. David G. Reid, Chance Vought Aircraft, UnltwI Alrmaf’t

Corp.
Dr. Cyril S. Smith, University of Chicngo.

Mr. Charles V. Krebs, Secretary.

COMMITTEE ON OPERATliYG PROBLEMS

Mr. WilIiam Llttlewood, American Airlines, Inc., Chuirman.
Dr. Francis W. ReicheIderfer, U. S. Weather Bureau, Vice

Chairman.
Maj. Gen. William H. Tunner, MiIitary Air Trans~ort Service.
Brig. Gen. Trederick R. Dent, Jr., U. S. A. l?., Air Mat6ricl

Command.
Col. J. Francis Taylor, Jr., U. S. A. l?., Ah 3fai&iiel Command.
Comdr. A. L. M.nccubbin, U. S. IV., Bureau of Aeronautics.
Mr. George IV. EIaldeman, Ci~il Aeronautics Admlnlstraiion.
Mr. Donald M. Stuart, Civil Aeronautics Adminlst ration,
Dr. Hugh L. Dryden (ex officio).
Mr. MeIvin N. Gough, NACA Lmlgley Aeronautical Laboratory.
Mr. Lewis A. Rodert, NACA Lcwls Flight J?ropuLsion LaImra-

tory.
Mr. P. R. 13assett, Sperry Gyroscope Co., Inc,, Division of Sperry

Corp.
hfr. M. G. Beard, American Airlines, Inc.
Mr. John G. Borger, Pan .4mer1can World .kimvays, Inc.
Mr. Warren T. Dickinson, Douglas Aircraft Co,, Inc.
Mr. Chnrles Froesch, Ettstern Air Lines, Inc.
Mr. Robert E. Johnson, Wright Aeronautical Corp., I)lvision

of Curtiss-Wright Corp.
Mr. Jerome Lederer.
Dr. Ross A. Mcl?arland, Harvard School of Public Health.
Mr. W. C. Mentzer, United Air Lines, Inc.

Dr. T. L. K. Smull, Secretary.

Subcommittee on Meteorological Problems

Dr. Francis W. Relchelderfer, U. S. Weather Bureau, Chair-
man.
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Brig. Gen. ~“. O. Senter, U. S. A. F., Air Weather Service.
Capt. Philip D. Thompson, U. S. A. F., Air Force Cambridge

Research Laboratories. ,

Capt. R. O. Minter, U. S. X., Naval AeroIogicaI Service.
Mr. Robert W. Craig, Civil Aeronautics Administration.
3fr. George 3L French, CRiI Aeronautics Board.
Mr. Delbert M. Little, U. S. Weather Bureau.
Dr. Ross Chum, U. S. Weather Bureau.
Dr. Harry ‘iVesIer, U. S. Weather Bureau.
31r. Philip DoneIyv, A’ACA Langley AernauticaI Laboratory.
Mr. I. Irving PinkeI, NACA Lewis FIight PropnIsion Labora-

tory.
Dr. Horace R. Byers, University of Chicago.
Mr. AUan C. Clark, Pan American World Airways, Inc.
.Mr.Joseph J. George, Eastern Air Lines, Inc.
Prof. H. G. Houghton, 31assachusetts Institute of Technolo~.
Dean AIthelstan F. Spilhaus, University of Minnesota.

Mr. DonaId B. Tahnage, Secretary.

Subcommittee on Icing ProbIems

Mr. R. L. 31cBrien, United Ak Lines, Inc., C1.mimnan.
Mr. Bernard Chasman, Mr Mat&ieI Command, U. S. Air Force.
Mr. Jack J. Allem Air 31at&iel Command, U. S. Air Force.
Mr. Duane M. Patterson, Air Mat&ieI Command, U. S. Air Force.
Mr. Parker M. BartIett, Bureau of Aeronautics, Department of

the A’aW.
Mr. Harcourt C. Sontag, Bnreau of Aeronautics, Department of

the Xavy.
Mr. Stephen Rolle, CMI Aeronautics Administration.
Mr. B. C. HWnes, U. S. ~eather Bureau.
Mr. Alnn R. Jones, XACAAmes Aeronautical Laboratory.
Mr. V.YllaonE Hunter, NACA Lewis Flight Propulsion Lab-

oratory.
?& F. L. Boeke,North American A~iation, Inc.
Mr. Arthur A. Brown, Pratt & Whitney Aircraft, United Air-

craft Corp.
Dr. IYallace E. HoweII, Mount Washington Observatory.
Mr. Robert L. LMorm Boe&~ Airplane Co.
Mr. David A. North, &nerican AirIiies Maintenance Base.
Mr. W. W. Resser, Do@as tircraft Co., Inc.

Mr. O. E. Rodgers, Westinghom=e E1ectric Corp.
m. Vincent J. Schaefer, GeneraI EIectric Co.

Mr. Donald B. Tahnage, Secretary.

Subcommittee on A&craft Fire Prevention

Mr. Raymond D. Kelly, United Air Lines, Tnc., Chairman.
Mr. Howard A. Klein, Air Mat&iel Command, U. S. Air Force.
W. Howard H. Noyes, Air 31at&ieI Command, U. S. Air Force.
Maj. Charles H. 31cConnell, U. S. A. F., Flying Safety Research.
Mr. Charles W. Schubart, Bureau of Aeronautics, Department

of the %“avy.
Mr. Hugh B. Freeman, C%iI Aeronautics Board.
M?. Harvey L. Efansberry, CiviI Aeronautics Administration.
Mr. David L. Posner, Civil Aeronautics MroMstration.
Mr. John A. Dickinson, National Bureau of Standards.
Mr. Lewis A. Rodert, 2UCA Lewis FIight Propulsion Laboratory.
Mr. E. M. Barber, The Texas Co.
Mr. Alien W. DaIlas, Air Transport Association of tierica.
Mr. Harold E. Hoben, American Airlines, In&
Jlr. C. R. Johnson, Shell (X1Co.
Wr. Gaylord ~. N’ewton,Boeing Airr?laneCo.
3fr. lvar L. Shogran,Douglas Aircraft Co., Inc.
ktr. Lon Storey, Jr., tickheed Aircraft Corp.
?Jr. @m G. Trimbach, Cornell Aeronautical Laboratory, Inc.

3fr. lWhard S. Cesaro, SSeretarg.

INDUSTRY CONSULTING COMMITTEE

Mr. Robert E. Gross, Lockheed Aircraft Corp., Chairman.
.Mr. Dwane L. Vi’aIIace, Cessna Aircraft Co., Vice Chairman.
Mr. William XL ALlen, Boeing Airplane CO.
Dr. Lym L. BolIhger, 13arrard Graduate SchooI of Business

Administration.
Mr. H. M. Homer, United Aircraft Corp.
Mr. C. W. LaPierre, General Electric Co.
Mr. John K. Northrop, Northrop Aircraft, Inc.
Mr. E. V. R1ckenbacker, Eastern tir Lines, Inc.
Mr. EarI F. Slick, S1ick Airways, Inc.

Dr. T. L. K. SmulI, Secretary.



Part HI-FINANCIAL REPORT

Appropriation for the j%cat year 1950.—lWnds and contract
authority in the following amouu t’s were appropriated for the
Committee for the fiscal year 1950 in the Independent Ottlcea
Appropriation Act, 1950, approved August 24,1949:

Salaries and expels@------------------------- $43,000,000
Construction and equipment of laboratory facilities:

Funds to continue financing of fle-
cal year 1949 program:

Langley Aeronautical Labora-
tory ----—-----—---_-_--

PilotIess Aircraft Research
Station -------------------

Ames Aeronautical Labora-
tory ---------------------

Lewis Flight Propulsion Labo-
ratory --------------------

$3,894,200

133,600

400,000

2,850,000
7,277,200

Funds to start financing of flscsl
year 1950 program:

Langley Aeronautical Labora-
tory ---------------------- $812,000

PiIotXess Aircraft Research
Station ----------------- 63s,000

Ames Aeronautical Labora-
tory ---------------------- 560,000

Lewis Flight Propukdon Labo-
ratory ------------------- 712,800

2, ?22, 300

Total appropriated funds ------------ $53,000,000

Contract authority for remaining ,obIigations neces-
sary to complete fiscal year 1950 program:

Langley Aeronautical Laboratory ----------- $6,377,000
PiIotless Aircraft Research Station --------- 373,000
Lewis Flight Propulsion Laboratory --------- 3,250,000

Total contract authofiw------------------ $10,000,000

Obligations incurred against the flscaI year 1950 appropriated
funds and contract authority are listed below, together with
the unobligated balances remaining on June 30, 1950. The
~res shown for saIaries and expenses include the costs for
personal servfces, travel, transportation, communication, utility
services, printing and ldnding, contractual services, supplies,
and equipmenL

SaIaries and expenses:
NACA HeadquarterK ----------------------- $994,661
LangIey Aeronautical Laboratory ------------ 16,654,315
PiIotIess Alreraf t Research Station-----—-—— 466,407
Elgh-Speed Flight Research Station ----------- 685,072
Ames Aeronautical Laboratory-— ------------ 6,972,769
Western Coordination Oflce---_--.—_-_------ 17,404

68

Salaries and expenses-Continued
Lewis Flight Propulsion Laboratory-.--------$l6, 013, S15
Wright-Pat.teraon Coor&lnation 0f2ce-----—_- 9,814
European OfEce-------—__--- —— ------- 15,207
Research Contracts-educational instltutfons-- 777,385
Services performed by National Bureau of

Standards and Forest Products Laboratory -- 222,500
Unobligated balance ------------------------ 170,091

Total appropriated funds, salaries, and
~enses ------------------------------ $43,000,000

Construction and equipment of Laboratory facilities:
Funds to continue financing of fiscal year IWO program:

Langley Aeronautical Labora-
tory ------------------—---~, 822,133

P1lotIess Aircraft Research Sta-
tion --------------------- 132, WI

Ames Aeronautical Labora-
tory ---------------------- 399,653

Lewfs Flight Propulsion Lab-
oratory ---------------- 2,849,883

Unobligated balance -------- 72, GOO
$7,277,260

Funds to start financing of fiscal
year 1950 program:

LangIey Aeronautical Labora-
tory ---------— ---------- $646,879

PiIotless Aircraft Research
Station ------------------- 516,572

Ames Aeronautical Labora-
tory ---------------------- 542,038

Lewis FIight Propulsion Lab-
oratory ----------- 658,497

Unobligated balance --------- ‘ 359,014
2,722,300

“ Total appropriated funds--— --------- $53,000,000

Contract authority for remaining oblt-
gations necessary to complete fiscal
year IWO program:

Langley Aeronautical Laboratory ----------- $3,479,612
Pilotless Aircraft Research Station ---------- 121,084
Lewis Flight Propulsion Laboratory ---------- 404,247
Unobligated balance ---------------------- 15,005,057

Total contract authority ------------------ $10,000, w

1These unobligated bahmces remain avdable for obligation In the
flscal year 1951.

Funds in the amount of $75,000,000 were appropriated in the
Deficiency Appropriation Act, 1950$ approved June 29, lfJ50, for
the construction of wind tunnels authorized in the Unitary Wind
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TnnneI Plan Act of UM9 (Public Law 415, 81st Congress, ap-
proved October 27, 1943). These fn,nds are avaiIable until ex-
pended and have been aLIotted as follows:

LangIey Aeronautical Laboratory.._ $1+ 917,000
Ames Aeronautical Laboratory——.———— 27,227,000
Lewis Flight Propulsion Laboratory ------- 32, S56, 000

Total appropriation-------——-- $75,000,009

No obligations were incurred against these funds in the fical
year 1%-0,and the full amounts are available for obIigdfon in
the flaml year 1951 and succeedhg years.

Approprkztions for the fi$cat year 1951.—Funds and contract
authority in the foIIowing amounts were appropriated for the
Committee for the i?scaI year 1951 in the GeneraI Appropriation
Act, 1951, approved September 6,1950:

Sahm’ies and expenses--- $42,500,000
Construction and equipment of Labora-

tory facilities:
Funds to continue financing of 5-

caI year 1949 program:
Langley Aeronautical Labora-

tory ___ $8,000,000
Lewis Flight Propulsion Lab-

oratory ----- —— 4?OO0,000
10,000,000

Conetmction and equipment of Labora-
tory facilities-Continned

Funds to continue financing of fis-
cal year 1950 program:

Langley Aeronautical Labora-
tory_-__--—____ $% 877,000

Pilotless Aircraft Research
Station __----—-—---- 373,000

Lewis Flight Propulsion Lab-
oratory---— 1,750,000.

— $5,000,000
Funds to start financing of fiscal

year 1%1 program:
LlngIey Aeronautical Labora-

tory---- -- $50,000
Ames Aeronautical Labora-

tory ------ 450,000
m, Ooo

Total appropriated funds.--__--—_ $5s, 000,000

Contract authority for remaining obligations
necessary to complete decal year 1951 program:

Langley Aeronautical Laboratory_—--_———_ $2450,000
Ames Aeronautical Laboratory-------————— 8,550,000

Total contract authori@__-— -------- $11,000,000


