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Letter of Transmittal

To the Congress of the United States:

In compliance with the provisions of the act of March 8, 1915, as
amended, establishing the National Advisory Committee for Aero-
nautics, I transmit herewith the Forty-third Annual Report of the
Committee covering the fiscal year 1957.

DwieaTr D. EISENHOWER.

Tae WarTe Housg,

JaNTary 27, 1958






Letter of Submittal

NaTronar Apvisory COMRMLITTEE FOR AERONAUTICS
‘Wasmrneron, D. C., October 10, 1957.
Dgear Mz. PRESIDENT :

In compliance with the act of Congress approved March 3, 1915,
as amended (U. S. C. title 50, sec. 151), I submit herewith the Forty-
third Annual Report of the National Advisory Committee for Aero-
nautics for 1957. . .

Fifteen years ago this month the Bell P-59, powered by General
Electric I-16 engines, made America’s first jet-propelled flight. Ten
years ago this month, the X-1, piloted by Capt. Charles E. Yeager
made the world’s first supersonic flight. Since then, research airplanes
have exceeded three times the speed of sound, and tactical military
aircraft have flown at twice sonic velocity. The strides we have made
in perfecting ballistic missiles capable of spanning intercontinental
distances have been no less significant.

Now, our leadership is being challenged. Within recent days the
Russians have demonstrated once again a very high degreeof technical
competence in aeronautics. They have shown they are determined
to achieve world leadership in this area.

. Our national security requires that we rather than Russia be first
to find answers to the formidable questions that now limit the per-
formance of aircraft and missiles. We can succeed in this objective
only if we are prepared to make the necessary investments of money
in research facilities and scientific talent. Early acceleration of our
research programs to the extent necessary is earnestly recommended.
Respectfully submitted.
Jaaes H. DooLirTLE,
Chatrman.
Tree PrESIDENT,
The White House, Washington,D. C.
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FORTY-THIRD ANNUAL REPORT

OF THE

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

‘Washington, D. C., October 1,1957.
To the Qongress of the United States:

In accordance with Act of Congress, approved
March 3, 1915, as amended (U. S. C,, title 50, sec. 151),
which established the National Advisory Committee
for Aeronautics, the Committee submits its Forty-third
Annual Report for the fiscal year 1957.

Since World War IT the Committee in its annual re-
ports to the Congress has emphasized the urgency and
value of its aeronautical research programns. They rep-
resent a sound investment in national security.

The most powerful military weapon of today, the
nuclear bomb, is largely dependent for'its effectiveness
upon airplanes and missiles capable of delivering it to
the target in the face of intelligent opposition. Only
new, basic research knowledge, when coupled to ade-
quate applied research and engineering development,
will make possible the greater speed, higher altitude,
and longer range required in our air weapons.

In time of peace research is the first line of defense.
Wars are fought with weapons based on fundamental
principles discovered during years of peace. Research
requires time. Money invested in research buys not

only new knowledge but also that priceless commod- |

ity—time. In a decade of uneasy peace there has been
o relentless build-up of international pressures that
make critically important a continuingly increasing
aeronautical scientific competence.

Limitations on military expenditures mean that ut-
most care must be exercised by the military services in
deciding which new airplane and missile designs shall
be developed. It is necessary that the National Ad-
visory Committee for Aeronautics be able to provide the
new basic information needed by the military and in-
dustry to insure success of the new airplane and missile
designs that are selected for procurement. Only an
adequately manned and financed NACA can do this.

Qualitative superiority in the performance of Amer-
ican aircraft and missiles is an essential objective. Sig-
nificant advances are being made, but with each in-
crease in speed, altitude, and range, new and more com-
plex problems arise. New facilities for their scientific
investigation are being provided by the Congress, but
our overall research effort is still not adequate to keep

400104—058—2

'pace with growing needs. Progress could be achieved

at a faster rate were scientific research kept in advance
of development efforts of the military and industry.
Progress then would be more certain and much less
costly, and America’s relative position in the interna-
tional field would be improved.

A factor that is becoming increasingly serious is the
spiraling cost of everything connected with national
defense. Part of this is the decline in the purchasing
power of the dollar. Hven more serious is the sharp
advance in the real cost of designing and producing the
very complex modern air weaponry which has per-
formance requirements hitherto unattainable.

Modest increases in appropriations for research have
been largely offset by rising costs, so that the amount
of research accomplished relative to that required has
been diminishing when it should be increasing. In
addition, the current pay structure, fixed by law, makes
it more and more difficult to retain irreplaceable top
rank research scientists and engineers, and to recruit a
fair share of talented young research-minded gradu-
ates. The Committee "believes that this handicap
should be removed by authorization of a reasonably
competitive pay structure.

During the past year, the research centers of NACA
were engaged in accelerated programs to provide assist~
ance to several companies in competition for the design
and production of a new, high-performance bomber.
Similarly, the facilities and staff of NACA. have been
marshaled to provide solutions for many difficult prob-
lems that surround development of intermediate and
long-range ballistic missiles. These are only two ex-
amples of numerous comprehensive programs of ap-
plied research NACA. is conducting.

At the same time, NACA is concentrating on basic
problems that can be solved only after years of inten-
sive effort. In rare instances a breakthrough is
achieved, such as the discovery and development at the
NACA Ames Aeronautical Laboratory of the blunt-
niose theory to minimize the missile re-entry heating
problem, which is described in more detail on page 4
of this report. More often, the value of long-range
research lies in the systematic accumulation of new in-
formation. In this latter category is the work begun
in 1945 at the NACA Lewis Flight Propulsion Labora-

x
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tory on high-energy or “exotic” fuels. This research
program in which both industry and other govern-
mental agencies are participating, is described on page
2. ) :

Over the years, the Congress has appropriated funds
for construction of highly specialized laboratory facil-
ities needed by NACA. for the study of new problems
associated with supersonic and hypersonic flight. The
cost of these facilities has been repaid many times in
performance gains of American aircraft and missiles.
Now, as we continue to advance into new aeronautical
frontiers, additional funds will be needed for the com-
plex new research equipment required for the scientific
investigation of the new problems.

SUMMARY

The pressure for governmental economy, coupled
with the effect of rising costs, has resulted in the general
level of NACA. research effort compared to that of the
Soviets being lessened -when it should be increasing.
Thus, America’s relative position in aeronautical
science has been deteriorating. There is an urgent need
at this time for a genuine increase in the level of re-
search effort.

Respectfully submitted.

Jaxes H. DooLrrTLE,
Chairman.



Part [ -TECHNICAL ACTIVITIES

THE NACA—WHAT IT IS

During the 42 years since the Congress founded it as
an independent Federal agency, the National Advisory
Committee for Aeronautics has sought to assess the
current stage of development of aircraft, both civil and
military; to anticipate the research needs of aeronau-
tics; to build the scientific staff and unique research
facilities required for these research needs; and to ac-
quire the needed new knowledge as rapidly as the
national interest requires.

By discharging its primary responsibility—scientific
Inboratory research in aeronautics—the NACA serves
the needs of all departments of the Government. The
President appoints the 17 unpaid members of the Com-
mittee, who report directly to him. They establish
policy and plan the research to be carried out by the
7,900 scientists, engineers, and other persons who make
up the staff of the agency. '

The NACA. research programs have both the all-
inclusive, long-range objective of acquiring new scien-
tific knowledge essential to assure United States leader-
ship in aeronautics and the immediate goal of solving,
as quickly as possible, the most pressing problems. In
this way, they effectively support the Nation’s current
aireraft and missile construction program.

Most of the problems to be studied are assigned to the
NACA’s research centers. The Langley Aeronautical
Laboratory in Virginia works on structural, general
aerodynamic, and hydrodynamic problems. The Ames
Aeronautical Laboratory in California concentrates on
high-speed aerodynamics. The Lewis Flight Propul-
sion Laboratory in Ohio is a center for powerplant
studies. At the High-Speed Flight Station in Cali-
fornia special fully instrumented research aircraft
probe transonic-and supersonic problems in flight. The
Pilotless Aircraft Research Station at Wallops Island,
Virginia, is a branch of the Langley Laboratory where
rocket-powered free-flight models are used to attack
aerodynamic problems in the transonic, supersonic, and
hypersonic speed ranges.

A major task of the NACA since its beginning in
1915 has been coordinating aeronautical research in the
TU.S. Through the members of the Committee and its
98 technical subcommittees, the NACA. links the mil-
tary and civil government agencies concerned with
flight. The aviation industry, allied industries, and
scientific institutions are also represented.

AND HOW IT OPERATES

Asgisting the Committee in determim'n,:, and coordi-
nating research programs are 4 major and 24 subordi-
nate bechmcal committees with o total membership of
nearly 500. Members are chosen because of technical
ability, experience,- and recognized leadership in a
special field. They also serve without pay, in a per-
sonal and professional capacity. They furnish valu-
able assistance in considering problems related to their
technological fields, review research in progress at
NACA. laboratories and in other establishments, rec-
ommend new research to be undertaken, and assist in
coordinating research programs.

Members of the technical committees and subcom-
mittees and of the Industry Consulting Committee are
listed in Part II of this report, beginning on page 71.

Research coordination is also accomplished through
frequent discussions by NACA. scientists with the staffs
of research organizations of the aircraft industry, edu-
cational and scientific institutions, and other aeronau-
tical agencies. Through a west coast office the NACA
maintains close liaison with aeronautical research and
engineering staffs in that important aviation area.

The first report of aeronautical research published by
the NACA. covered a study conducted at the Massa-
chusetts Institute of Technology under a research con-
tract. Throughout its existence, NACA has utilized
this means of obtaining the benefits of the special tal-
ents, unique facilities, and fresh points-of-view of scien-
tists outside its own laboratories. The resulting inde-
pendent thought and novel attacks upon research prob-
lems are a continuing stimulus to NACA scientists.
They produce valuable data and theoretical analyses to
complement internal NACA research. Thirty-six re-
ports of sponsored research were published during the
fiscal year 1957. During this year the fo]lowmo' in-.
stitutions participated in the program:

University of Alabama

Battelle Memorial Institute
Polytechnic Institute of Brooklyn
Brown University

California Institute of Technology
University of California

Carnegie Institute of Technology
Case Institute of Technology
University of Cincinnati

Cornell University
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TForest Products Laboratory
Franklin Institute
Georgia Institute of Technology
University of Ilinois - ;
Towa State College
Johns Hopkins University
University of Kentucky
Lightning & Transients Research Institute
University of Maryland
Massachusetts Institute of Technology
University of Michigan
University of Minnesota
National Bureau of Standards
New York University
University of North Carolina
Purdue University
Rensselaer Polytechnic Institute
Southwest Research Institute
Stanford Research Institute
Stanford University
Stevens Institute of Technology
Syracuse University
Virginia Polytechnic Institute

" University of Washington
Unirversity of Wisconsin
Yale University

Proposals from such institutions are carefully
weighed to assure best use of the limited funds avail-
able to the NACA. for sponsoring research outside its
own facilities. Published research reports of the use-
ful results of this part of the NACA. program are dis-
tributed as widely as other NACA. publications.

Most of NACA’s research information is distributed
by means of its publications. Technical Notes and
Reports are not classified for military security reasons
and are available to the public in general. Translations
of important foreign research reports appear as Tech-
nical Memorandums. The NACA also prepares re-
search reports containing classified information. For
reagons of national security, these receive carefully con-
trolled circulation. When such information can be de-
classified, the research reports may be given wider dis-
tribution. Current NACA publications are announced
in the NACA Research Abstracts.

Every year the NACA. holds a number of technical
conferences with representatives of the aviation in-
dustry, the universities, and the military services pres-
ent. Attendance at these conferences is restricted
because classified material is presented and the subject
matter discussed at each conference is focused on a spe-
cific field of interest.

HIGH ENERGY FUELS RESEARCH

Announcement was made in 1957 that multi-million-
dollar installations are being built under military spon-
sorship to produce relatively large quantities of chem-
ical fuels for aviation use. This public disclosure
focused attention on one aspect of an intensive, long-
range effort that previously had been carefully
shrouded for reasons of national security—the search
was succeeding, to find or develop new fuels with sub-
stantially greater energy content per unit volume and
weight than provided by the commonly used petroleum
produets, JP—4, etc.

The search for high-energy fuels began in the United
States at the end of World War II. It was a conse-
quence of the propulsion revolution that had resulted in
production of powerful turbojet, ram jet, and rocket
engines. Very high speeds now could be attained by
airplanes and missiles, but the high rates of fuel con-
sumption of these new engines kept range below maxi-
mum military requirements. That obviously was
needed was a fuel that would, as it were, give more
miles to the gallon—at even faster speeds and higher
operating altitudes.

Many characteristics of a substance have to be con-
sidered before it can be determined whether its advan-
tages over conventional hydrocarbon fuels of the gaso-
line and kerosene type are sufficient to justify its use.
These include its properties when burned, such as heat-
ing value, density, air specific impulse, and fuel-weight

specific impulse. Other questions also have to be an-
swered. Is the substance, or the raw material from
which it is made, generally available? Can we learn
how to make it in large quantity, and at reasonable
cost? What about toxicity of the substance and its
products of combustion ?

Since late 1945, at least 11 organizations in this coun-
try, with increasingly strong encouragement from the
Military Services, have conducted experimental investi-
gations of one or more of the many suggested sub-
stances to determine their suitability as a high-energy
aviation fuel. The NACA’s work in this area has been
conducted at the Lewis Flight Propulsion Laboratory
and is being vigorously continued at the present
writing.

The approaches to the problem have been many sided.
Work has included investigation of light metals as fuels,
although here, the gains would be in higher thrust in-
stead of greater range. This is because such metals as
aluminum and magnesium burn to higher temperatures
and at higher overall fuel-air ratios than hydrocarbons,
but do not contain as much heat per pound. Studies
were made of the burning characteristics of the light
metals as solids, and also as finely suspended particles
in hydrocarbon slurries.

Beginning in 1946, the NACA. studied the combus-
tion of powdered metals to determine their suitability
as ram jet fuels. Ready availability, together with the
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belief that the resulting combustion problems would be
typical of other metals, led to selection of aluminum
for the first of these studies. They also included use
of metal wire, metal-impregnated plastic wire and
metal-hydrocarbon pastes as the researchers at the
Lewis laboratory sought a practical, high-energy-fuel
feed system.

Still another approach to the possibility of using
aluminum, one that appeared to present fewer com-
bustion problems, was to use a slurry, i. e., suspending
finely powdered metal in a fluid such as kerosene or
JP—4. Thus, it was hoped, a high-energy fuel might
quickly be brought to a stage of usefulness. The fact
that a slurry fuel could be used in tanks and fuel-feed
systems similar to those existing made the idea attrac-
tive.

Slurries containing aluminum, magnesium, and
boron were studied most intensively. It was known
that there were other metals thermodynamically com-
petitive with these three, but for one reason or another
they were eliminated from the NACA’s investigation
of slurry-type fuels. Aluminum was quickly dropped
from the program because of the serious deposit prob-
lem in the combustor caused by the large quantities of
sticky, molten aluminum oxide produced during com-
bustion.

Magnesium as a fuel also offered considerably more
thrust per pound of air than is possible with the maxi-
mum obtained from conventional jet fuel. One analy-
sis, using a hypothetical bomber, heavily loaded, serves
to illustrate the importance of the gains possible from
use of a magnesium slurry. The “paper” bomber was
incapable of a takeoff, without thrust augmentation,
even after using many thousands of feet of runway.
When JP—4 was used in the afterburner, 43-percent
thrust augmentation was obtained, permitting takeoff
over a 10-foot obstacle in 13,500 feet. When a 60-per-
cent magnesium slurry was used in the afterburner,
thrust augmentation rose to 67-percent and the distance
to takeoff was shortened to 10,600 feet. When the 60-

percent magnesium slurry was used with water injec-

tion, 100-percent thrust augmentation was achieved and
takeoff was possible in about 8,000 feet.

In slurry preparation, the objectives have been to

achieve a high concentration of the desired metal in

stable suspension that remains sufficiently fluid to be’

flowed, pumped, and sprayed. Unless proper additives
are employed, only a muddy mass of metal powder re-
sults when large quantities of finely powdered metal
are shaken up in a carrier fluid such as JP-3 or —4.
Although much work remains to be done in this field,
a reasonably satisfactory working knowledge of the
properties of slurries has been gained, based on the
shaping and sizing of the metal particles, the compo-
sition. of the fluid, and the concentration of the addi-
tives used. Satisfactory storage-life exceeding 45
days has been accomplished.

Because, speaking generally, the finer the suspended
particles the more stable the slurry and the better it
burns, preparation of the metal can be extremely im-
portant. Attempts to mill or grind magnesium to
acceptably small size, using ball or hammer mills, re-
sults mainly in flattening the particles without reduc-
ing them appreciably in size. One laboratory tech-
nique, in which magnesium vapor is shock-chilled,
brought good results; of the small quantities of mag-
nesium prepared in this fashion, 50 percent of the par-
ticles measured less than about 1.5 micron in size (a
human hair is about 50 microns in diameter). Unfor-
tunately, very large and difficult technical problems
arise if such processes are to be used on quantity pro-
duction of slurry materials.

Boron, in addition to high-temperature burning, has
a high heating value per unit weight of fuel, and
consequently is attractive as a means of extending range
as well as increasing thrust. When JP-4 hydrocarbon
fuel was given a range index of 1, in a paper study of
a ram-jet missile flying at an initial altitude of 60,000
feet and at a speed of 2,100 m. p. h., it was calculated
that use of boron would extend range by 40 percent.
Range extensions resulting from the uses of penta-
borane and a 60-percent boron slurry were also calcu-
lated, and were 35 and 25 percent, respectively.

Combustion studies using boron slurries were made
in apparatus ranging from burners with a 2-inch-out-
side-diameter tube to & large-scale 16-inch-diameter
engine resembling closely the design layout of a typical
ram jet. Farly in 1955, the NACA reported that the
complete story of how to design a flame holder had not
yet been learned. The high temperature required for
high combustion efficiency destroyed engine parts. At
lower combustor temperatures, deposition of boric
oxide, a product of combustion, poses problems not the
least of which is low combustion efficiency.

In the 1955 report, only recently declassified, it was
concluded that, respecting slurries:

“Combustlon of ‘boron is not at all sai;lsfactory at
present. There are still a few research leads to be
tried, however.

“Combustion of magnesium shows excellent promise.
Not only has the high thrust been realized, but also,
magnesium provided a bonus in that it burns well
under (very high altitude) circumstances where hydro-
carbons burn only with great difficulty.

“The art of burning metals as fuels for aireraft en-
gines is now emerging from small-scale research to
research in combustors and engines of practical size.

- Continuing problems are production, storing, handling,

fuel systems, combustor design, and cooling. Plans for
future effort should consider the status of development -
of other fuels that conceivably might replace elther
boron, or magnesium, or even both.” .
Research on boron metals in glurry form has been
terminated at the Lewis laboratory, and interest now
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is centered on investigating the high-energy potentials
of liquid boron compounds. Three reasons led to this
shift in research emphasis: (1) There are higher heats
of combustion available in liquid boron compounds
than in metallic slurries; (2) the liquid boron com-
pounds are more conveniently handled in aircraft tanks
and systems; and (8) liquid boron compounds have
been shown to burn rapidly and with high efficiency,
in marked contrast to the burning characterlstlcs of
boron metal slurries.

In all such high-energy fuel studies, consideration
of the availability of a material is inescapable. Beryl-
lium, for example, ranks at the top of a chart showing
the relative ranges for a ram-jet missile flying at a
Mach number of 3 at an altitude of 70,000 feet. And
yet beryllium is seldom given more than briefest con-
sideration because of lack of availability. In a recent,
single year, hardly more than 5,000 metric tons of
beryl ore, imported mostly from Brazil, India, and
Argentina, were used in the United States. Moreover,
beryllium is highly toxic. Thus, beryllium or its com-
pounds, however attractive they may be, based on per-
formance, is not being considered as a possible aviation
fuel.

The availability of boron and boron-compound fuels,
is substantially better. While only a very small ton-
nage of boron is now produced annually, there are ex-
tensive deposits of boron-containing salts, notably in
California, but also in Chile, Tibet, Peru, and Canada.
These salts are sodium borates (e. g., borax) and cal-
cium borate (e. g., colemanite). Consumption of boron
minerals in the United States has averaged about 500,-
000 tons a year, being used principally in soap and
glass manufacture, and for water softening.

In 1951, the NACA noted the current market price
for amorphous boron was $12 a pound, and observed
that “although fairly large sourtes of supply for boron
exist, it appears to be a very expensive fuel. Improved
technology in boron or boron carbide production to
lower the price of the fuel is needed.”

In addition to such problems and those related to
combustion, there are a number of practical considera-
tions respecting use of high-energy fuels that must be
solved or circumvented before service use can be real-
ized. The whole field is so new and attention has been
so concentrated on the combustion problems that only

a small amount of work has yet been done to solve.

some of the related problems. In addition to learning
how to establish suitable storage and handling methods
for new fuels being considered, it is often necessary to

develop pumps, valves, and related hardware that can
handle the high-energy materials.

Up to 1951, only the briefest of experimental com-
bustion research with boron hydrides (boranes) in
liquid form had been accomplished. Some of the prob-
lems of use, such as the large production of boric oxide
during burning, had been defined, but hardly more.
Because of the elaborate and difficult: chemical proc-
esses in their manufacture, diborane, pentaborane and
other boron compounds were priced in the hundreds
of dollars per pound, and wers manufactured only in
very small, pilot-plant, batches.

“There are fuels other than hydrocarbons that offer
performance improvement for ram jets that can be ob-
tained in no other way,” the NACA noted in 1951 in
a report on research on ram jet engine fuels. “Much
cheaper boron and boron-derived fuel is needed,” it
said, describing existing costs as being “fabulously
expensive.”

The attractiveness of the boron compounds, “so very
superior for long-range ram-jet propulsion,” caused
the Navy in 1952 to provide the extensive support that
enabled the NACA and other organizations to inten-
sify study of problems ranging from the devising of
boron-compound materials that would be more suitable
for aviation-fuel use, to learning how to produce the
new materials, if not commercially, at least less expen-
sively than before.

For its part, the NACA in the past 5 years has con-
centrated on studying the combustion characteristics
of the boron-compound fuels. Because of earlier ex-
perience in the field and the specialized laboratory
facilities there, scientists at the NA CA’s Lewis research
center were called upon to burn by far the largest part
of the boron fuels compounded through 1957.

‘When a borane fuel is burned in a conventional tur-
bojet engine, sticky, liquid boric oxide accumulates in
the primary combustor and on the turbine blades.
Faced with this problem, the researcher seeks ways and
means that will enable the engine to tolerate boric
oxide.

It is, of course, one thing to accomplish satisfactory
use of a radically new fuel type under the precisely
controlled conditions of the laboratory, and something
perhaps entirely different and much more difficult, to
‘achieve similarly happy results in actual flight use.
That the latter step has been taken, successfully, can
be disclosed. Speeds greater than a Mach number of
8 were recorded by an experimental full-scale ram-jet
test missile burning a boron-compound fuel.

THE RE-ENTRY PROBLEM

Development of ballistic missiles capable of crossing
intercontinental distances i is o matter of great.national
urgency, supported by billions of dollars. Without un-
derstating the difficulty or complexity of scientific and

engineerihg problems of guidance, structures, and pro-
pulsion for missiles, it may be said with confidence that
solutions for these problems are being found as a result
of the great research and development effort being
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made. Far different are the problems posed by aero-
dynamic heating.

The long-range ballistic missile, moving many thou-
sands of miles per hour as it enters the earth’s atmos-
phere, encounters aerodynamic heating of great magni-
tude. So serious and so large are these problems of
heating that success or failure of the whole long-range
ballistic missile program hinges on their practical
solution.

Many NACA facilities have been brought to bear
on the problems. Aerodynamic studies at the Ames
Laboratory; powerplant investigations at the Lewis

Laboratory; structural and aerodynamic research at the -

Langley Laboratory and at the latter’s Wallops Island
Pilotless Aircraft Research Station—all have contrib-
uted to the growing fund of missile technology.

Two considerable difficulties held up rapid progress:
The need for a simplified analytical understanding of

the important fundamentals, and the equally vital re-.

quirement to learn ways to duplicate in the laboratory
the true temperatures, speeds and gas dynamics of at-
mospheric entry. It was foreseen that useful answers
to both requirements would accelerate missile develop-
ment, and point the way to manned penetration beyond
the earth’s atmosphere.

In 1957 the NACA publicly reported two significant
steps taken at its Ames Aeronautical Laboratory toward
eventual solution of the heat problem for missiles. One
was a new concept of shaping the missile nose cone,
postulated by H. Julian Allen. The second was the
design by Dr. A. J. Eggers, Jr., of a relatively simple
laboratory tool to simulate with useful accuracy the
aerodynamic heating and resulting thermal stresses ex-
perienced by a missile entering the atmosphere.

Allen’s concept, essentially completed in 1952, re-
sulted from an analysis of the fundamental forces act-
ing upon missiles entering the earth’s atmosphere at
high supersonic speeds. The study sought ways by
which a missile designer could minimize aerodynamic
heating. It emphasized the convective heating prob-
lem including the total heat transfer, and the maxi-
mum average and local rates of heat transfer per unit
of missile area. At the outset, Allen determined that
the heat quantities to be dealt with depended on the
ratio of pressure drag to viscous or friction drag. This
concept asserted that the most promising variable which
a designer could alter in his favor was pressure drag.
By shaping the nose cone to achieve high pressure drag,
it, is possible to deliver large quantities of the total heat
generated into the surrounding air, leaving smaller
amounts to be accepted by the missile shell.

Thus employed, blunting has particular application
to the relatively light missiles of sizes, weights, and
speeds currently of interest. The blunt shapes found
most favorable generate a strong bow shock wave in
front of and detached from the missle nose. Creation

and maintenance of this heavy shock absorbs a large
share of the YCBM’s kinetic energy which is being
transformed into heat during the atmospheric entry
process. The missile body can be designed to absorb
the remainder without exceeding tolerable limits.

For a different class of missiles, for which the re-
entering body is much larger and heavier than those
of current interest, analysis points to long, slender
shapes, which nevertheless retain as much nose round-
ness as possible to obtain the lowest possible local rate
of heat transfer and hence impose the least thermal
stress.

Even so, the potential for excessive heating remains
the inescapable price to be paid for the hypersonic
speed at which the ICBM plunges into the earth’s at-
mosphere. Temperatures may climb more than 100°
F. per second during the critical phase of flight and
temperatures of thousands of degrees may occur in the
thin boundary layer air next to the missile surface.

Destruction of the missile is the penalty for exces-
sive heating. To avoid this penalty designers require
detailed knowledge of the several ways in which failure
may take place. Perhaps the most serious are the high
thermal stresses which develop in the missile structure,
stresses of much greater magnitude than those pro-
duced by aerodynamic forces, in themselves not small.
High temperatures may also raise the structural ma-
terial to its weakening point, again producing failure.
And finally, aerodynamic heating may be so intense
that the missile may be consumed as if it were a flaming
meteor. .

Eggers in his work posed the question: Could a prac-
tical method be devised for simulating on the ground
the aerodynamic heating and resulting thermal stresses
in a ballistic missile during atmospheric entry? His
affirmative answer was followed in 1955 by the pre-
liminary design of equipment which could simulate
missile velocities, missile shapes and the density
variation found in the lower portions of the earth’s
atmosphere.

Among the required conditions for useful simulation
of the aerodynamic heating and resulting thermal
stresses in a ballistic missile are these: The test model
and missile must be similarly shaped and made of the
same material; model and missile must have the same
flight speeds and Reynolds numbers (scale effect),
based on local conditions outside the boundary layer,
at corresponding points in their trajectories. To as-
sure these conditions and thus obtain equal heating
of the model .and missile, the simulator test chamber
must contain air with density variations along "the
model flight path equal to those in the actual atmos-
phere through which the missile would descend. In
the simulation the, time scale of flight is greatly fore-
shortened. ) :



6 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Means for attaining the necessary model flight speeds
were already at hand. The Ames Laboratory for years
had been refining the techniques of gun-launching aero-
dynamic models and studying their reactions in actual
flight. As early as 1955, gun-launched models had been
driven to speeds of 10,500 mph in the laboratory, a
velocity 60 percent of satellite speed and about that
reached by a ballistic missile with 2,000-mile range.
Development effort had produced several types of
launchers capable of providing the full-scale velocities
required for useful simulation, and the progress at-
tained strongly suggested that one or more of these
guns could be improved to yield the substantially
higher speeds also of interest.

To provide a flight-test chamber that realistically
simulates part of the earth’s atmosphere below 200,000
fest, Eggers proposed using a supersonic nozzle of spe-
cial trumpet-shaped design. He determined that he
could obtain a variation in air density between the noz-
zle exit and the settling chamber of the apparatus
matching the density variation in a range of 100,000
feet in altitude where the greater part of the heating
of a ballistic missile takes place.

The model would be launched from a high velocity
gun at the speed of a ballistic missile as it begins enter-
ing the earth’s atmosphere, and while flying the 20-foot
distance through the special nozzle to the upstream
settling chamber would pass into ever-denser air to
duplicate the flight history of the full-scale missile.
He calculated he could simulate the aerodynamic
heating experienced by a 4,000-mile range 8-foot di-
ameter missile weighing 5,000 pounds by a model only
0.36 inches in diameter weighing 0.005 pound.

It was recognized fully that the simulator could
never be used to duplicate all of the complex
mechanism of aerodynamic heating present during
atmospheric entry at very high speeds. Nevertheless
the most important conditions of extreme heat transfer
and thermal stress could be created in the simulator.
Further, the device offered a relatively direct means of
observing the effects of aerodynamic heating on a flight
model, at a cost negligible in comparison with full-scale
flight tests. In September 1955, Eggers wrote, “In the
simplest test, the simulator could provide with one pho-
tograph of a model rather substantial evidence as to
whether or not the corresponding missile would remain
essentially intact while traversing the atmosphere.”
Since that date a working pilot model of an atmos-
pheric entry simulator embodying this concept has
been built and is operating at the Ames Laboratory,
yielding useful data in the missile design field. A
larger version of this new research tool is nearing com-
pletion and initial use early in 1958.

Included among the aerodynamic problems which
must be understood to guarantee that a particular inter-
continental ballistic missile will remain essentially in-

tact during atmospheric entry are the same charncter-
istics of force, moment and stability that are of concern
for any aerodynamic shape. For the ICBM warhead
or nose they are particularly critical because of the
special shape it requires to withstand aerodynamic heat-
ing, and because of the necessity for precise control of
the vehicle’s trajectory throughout the wide range of
flight conditions it will traverse. Extreme tempera-
tures generated during atmospheric entry change the
physical properties of the air through which the missile
is moving and we must know the mechanisms of change
in greater detail so that proper allowances may be
made.

The strategy of research has been to study these
problems separately insofar as possible. Fortunately,
at both the Ames and Langley Laboratories existing
facilities have lent themselves to intensive, systematio
study of many phases of the complex problem. New
facilities, only now becoming available, will permit
broadening the areas under serutiny.

For example, at Langley forces and pressure distri-
butions have been measured on a series of 14 models
with various degrees of nose bluntness and varying
angles of the flared skirt on the afterbody at subsonic
and low supersonic speeds. Supersonic wind tunnels
have provided force measurements and pressure distri-
butions at Mach numbers up to 8.5, and an*11l-inch
hypersonic wind tunnel is being used similarly at Mach
numbers of 6.8 and 9.6 (6,336 m. p. h.). Several ballis-
tic-type facilities are in use at the Ames Laboratory,
yielding time histories and shadowgraph flow pictures
of scale models fired through instrumented ranges.

Valuable correlations from actual flight are obtained
from the Pilotless Aircraft Research Station at Wal-
lops Island, Va. Here rocket-powered research models
telemeter heating data obtained on flights through the
atmosphere. Four-stage rockets have been flown from
the Wallops Station at 10 times the speed of sound;
five-stage vehicles have reached even higher velocities.
To achieve closer duplication of the entry conditions
an ICBM will actually encounter, the technique of fir-
ing multistage rockets on “over-the-top” trajectories has
been performed by NACA. scientists. The first two or
three stages drive the test model through its climbing
phase; the remaining stages push it to even higher
speeds as it enters denser air on the returning portion
of its trajectory. In one important flight, a Wallops
Island test model warned designers that then-current
estimates of the areas of laminar flow over a missile
were too optimistic.

The amount of heat which enters the shell and struc-
ture of an ICBM depends importantly upon whers air-
flow in the boundary layer near the surface of the mis-
sile changes from laminar, or smooth, to turbulent.
Flow at the nose of a body usually is laminar, continu-
ing rearward until disturbances grow and the flow
becomes turbulent. Inasmuch as heat transfer is less in
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the region of laminar flow, methods of delaying as far
as possible the onset of turbulence are important re-
search objectives. Detailed understanding of the very
complex mechanisms which trip a laminar airflow into
turbulence has long been o research goal. Surface
roughness, pressure distribution over a body and rela-
tive temperatures of the missile and the surrounding
air are some of the factors which determine the point
of transition. At the Langley Laboratory supersonic
wind tunnels, supersonic jets, and a hypersonic wind
tunnel are being used in studies relating to flow tran-
sition in the Mach number range from 2 to 9.6. At
the Ames Laboratory, several supersonic wind tunnels
and a number of ballistic facilities are probing related
phases of the transition problem.

In the Langley Laboratory heat transfer investiga-
tions described above, the temperature range is such
that the physical properties of the air are not greatly
different from those at ordinary temperatures. At the
higher maximum temperatures the ICBM will actually
experience, air may be expected to dissociate and be-
come jonized. The oxygen molecule will break into two
separate oxygen atoms, some of which may lose an
electron and thus acquire a positive charge. Temper-
atures at which these processes of dissociation and ioni-
zation occur cannot be duplicated in conventional wind
tunnels because available structural materials would be
destroyed. Consequently it has been necessary to em-
ploy in studying these phenomena a shock tube in
which flow at very high temperatures is accomplished.
In this device the rates at which air molecules dis-
sociate and recombine in a realistic temperature en-
vironment are being measured. Other studies have
sought to establish that simulation in the shock tube is
a valid duplication of the conditions in actual missile
flight.

High temperature jets have found a place among
the research tools useful to scientists probing the funda-
mentals of high velocity missile flight. At the Langley
Laboratory an acid-ammonia rocket jet provides s
stream of gas at a stagnation temperature (the tem-
perature a gas particle would reach if suddenly
brought to missile speed) of 4,100° F. and a velocity
of 7,000 feet per second. Also an ethylene-air com-
bustion products jet 12 inches in diameter will yield
stagnation temperatures of 3,500° F. and velocities up
to 5,000 feet per second. The pebble-bed heater, using
an air stream brought to very high temperatures by
being passed through an incandescent bed of ceramic
spheres, permits studies at high speeds and tempera-
tures with the added advantage of air as the testing
medium.

At the NACA’s Langley and Lewis Laboratories
valuable knowledge is being obtained with arc-powered
air jets. These devices are relative newcomers in aero-
nautical research, capable of developing temperatures

of 12,000° Fahrenheit and heating rates as high as
2,200 B. t. u. per square foot per second for tfest-
ing times of many seconds. These are the heating
rates and temperatures which will occur during an ac-
tual ICBM penetration into the earth’s atmosphere, and
no research tool previously at hand could reproduce
exactly these conditions. In the equipment now being
used, & high intensity electric arc imparts energy to
compressed air to raise the air pressure and tempera-
tures. Hot high pressure air is then discharged
through a nozzle to produce a supersonic jet.

The arc-jet is particularly useful in finding out how
materials react to the extreme conditions of atmospheric
entry. It can provide information on such matters as
the time lapse between the presence of heat and the
beginning of melting; the rate of ablation or loss of
surface material; chemical interaction between the
metal and the hot air jet; spalling due to thermal shock
and other phenomena which must be understood in
detail.

Increasing knowledge of the temperatures to be en-
countered has made more firm the requirements for
materials able to survive the conditions of hypersonic
flight. One approach to the materials question has
been to use thick metal skins for missile nose cones;
skins so thick they have large capacity to absorb heat
and to store it. In this way, it is possible to insulate
the interior portions of a missile during the critical
period of atmospheric entry. But more efficient
solutions are desirable, bringing with them advantages
in structural design and reductions of overall missile
weight. Metals such as tungsten and columbium have
very high melting points and other favorable properties
at elevated temperatures. They have, however, a seri-
ous drawback; they are subject to rapid oxidation when
heated in air. For this reason, studies are being ener-
getically pursued to develop useful protective coatings
which, it is hoped, may make it possible to employ
such materials. If this can be done, the full potential
of the metal may be used in absorbing heat, thereby
effectively reducing the convective heat input and rais-
ing the rate of radiation away from the missile skin
by permitting s much higher operating temperature at
the outer surface.

Cooling methods also command attention. Studies
at the Ames and Langley Laboratories have demon-
strated usefulness in a method of transpiration cooling
in which a coolant is forced through a porous outer
surface of a missile. Another technique employs a film
of liquid or gas which can be spread over the missile
surface in such a way as to absorb heat and at the same
time shield the metal skin from the intense heating.

Finally, NACA. scientists have worked closely with
the military organizations and industry groups engaged
in developing Intercontinental and Intermediate Range
Ballistic Missiles. Every effort has been made to as-
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sure that newly won laboratory knowledge passes rap-
idly into the “industry. NACA. staff members fre-
quently furnish consulting services, and in one recent
instance, proposed a redesigned missile shape, superior

in heating resistance, aerodynamic stability and ease
of packaging. This and other contributiens have made
NACA a key organization in this majer national

undertaking.

AERODYNAMIC .RESEARCH

One of the prerequisites to either manned or un-
manned flight through and beyond the earth’s atmos-
phere and at speeds up to satellite velocities is a greater
knowledge and a fuller understanding of the funda-
mental problems of fluid mechanics of hypersonic flows.
During the past year the NACA. has increased its em-
phasis on this area of research. Much thought and
ingenuity has gone into the development of suitable
facilities and techniques for laboratory studies of high-
speed gas flows at very high temperatures. In a num-
ber of cases, experimental results have been obtained
which constitute a valuable complement to earlier
theoretical work.

The continuing need for more detailed research in-
formation for désign of newer and faster supersonic
airplanes and missiles has required that this area of
aerodynamic research also continue to receive a great
deal of attention. The goals here continue to be higher
performance, greater efficiency, and improved stability
and controllability over an ever-widening range of
speeds and altitudes. The more advanced supersonic
airplane configurations have in turn made the prob-
lems of flying and handling qualities more difficult at
low speeds for takeoff and landing. In summary, then,
the range of speeds and altitudes of interest in aero-
dynamic research has continued to expand as in other
years, but at a greater pace than before. -

More detailed information on NACA research in
serodynamics will be found in the pages that follow.
In a report such as this, however, it is impossible to
include all of the information that may be of interest.
From the variety of programs undertaken we have se-
lected some of those which seem to be representative.

FLUID MECHANICS

e are witnessing a very rapid advance in the speed
of flight of aircraft and missiles. This spurt in per-
formance began several years ago and has continued
at an ever-increasing pace. Under the pressure of mili-
tary need our greatly expanded performance goals
have of necessity led to the construction of hardware
on the frontiers of technical knowledge.

In order to secure the required knowledge, the
NACA has in recent years increased significantly its
research effort in the field of fluid mechanics which
deals with the fundamental aspects of gas flows and
which is basic to-a major part of the overall aero-
nautical picture.

One of the most difficult and pressing problems that
appears as a consequence of high-speed flight is that
of aerodynamic heating, and the NACA’s research ef-
fort in fluid mechanics, although diversified and exten-
sive, has during the past few years experienced a shift
in emphasis toward this and related problems. The
discussion in the paragraphs following reflects this
shift in emphasis and reports progress on a few selected
problems related largely to the high-speed heatmg
question.

Boundary-Layer Transition

The problem of the transition of boundary layers
from the laminar to the turbulent state is of basic im-
portance in the heating of aireraft surfaces and in the
friction drag, because rates of heat transfer and skin
friction may be many times larger for a turbulent
boundary layer than for a laminar layer. The problem
of boundary-layer transition is extremely complicated
and has not been solved even for the low-speed case;
the transition process at high speeds is dependent on a
large number of factors such as Mach number, Rey-
nolds number, heat transfer rate, surface roughness,
body shape, airstream turbulence, noise, and other
items. Nevertheless, because of the increased impor-
tance of the transition question for very-high-speed
aircraft and missiles, a considerable effort is being made
to obtain a better understanding of the phenomena
involved.

From wind-tunnel experiments there have been sev-
eral significant new findings. One of these is that for
the case of basically slender aerodynamic shapes, o
slight blunting of sharp leading edges promotes a sub-
stantial favorable effect on the Reynolds number at
which transition from laminar to turbulent flow takes
place. Another finding which appears to be of poten-
tial importance but which probably must be regarded
as preliminary until additional experiments are in
hand has to do with a phenomenon of “transition re-
versal due to overcooling.” It hes been shown previ-
ously on theoretical grounds and demonstrated experi-
mentally that heat flow from a hot boundary layer into
a cooler body (representing the usual case of practical
high-speed flight) stabilizes a laminar boundary layer
and makes it more resistant to certain kinds of disturb-
ances. Recent supersonic wind-tunnel experiments on
bodies of revolution cooled to low temperatures with
liquid nitrogen, however, produced unexpected results.
It was found that at the lowest body temperatures, the
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variation of transition Reynolds number with tempera-
ture was opposite to that observed in the same and
other experiments with more modest cooling. This
reversal in the expected trend of transition Reynolds
number with body cooling at low body temperatures
is not predicted by existing theory, and the cause is not
lmown. Additional experiments are being made, in-

cluding free-flight tests, to shed further light on the

problem.

Research has been conducted during the past year
in wind tunnels and in free flight, and at low speeds
and high speeds, to study the role of roughness in the
transition question. The low-speed work, performed
with roughness in the form of distributed carborundum
grains on an airfoil, demonstrated a distinetly different
behavior of the transition process in the presence of
distributed thres-dimensional roughness over that pre-
viously found for two-dimensional roughness elements.
The work also produced criteria regarding the critical
roughness height. The research on roughness effects
at high speeds 8howed the predominant part played by
even very small amounts of roughness on boundary-
layer transition.

Because of extraneous disturbances usually present
in wind tunnels (such as airstream turbulence and the
existence of wall-generated pressure disturbances) and
because of limitations on obtainable Reynolds numbers
and in the simulation of air and body temperatures, it
is necessary to conduct certain critical experiments in
fres flight in which the extraneous influences can be
eliminated. An extensive program of free-flight ex-
periments using rocket-powered models has been in
progress, in which a number of special models repre-
senting both blunt-missile and slender-airplane shapes
have been flown at hypersonic speeds and under real-
istic conditions of Reynolds number and temperature.
New, large-scale, high-Mach-number date have thus
been obtained on a number of questions such as the
effect of roughness, nose shape, and body surface tem-
perature on heat transfer, skin friction, and boundary-
layer transition.

Blunt Body Solution of Missile Heating

During the past year the results of some earlier re-
search were announced dealing with the motion and
heating of long-range ballistic missiles on re-entering
the earth’s atmosphere. Prior to the time that these
research results were available, the work dealing with
warhead shapes for ballistic missiles considered pri-
marily slender aerodynamic configurations inherited
from earlier research findings which were concerned
mainly with efficient supersonic flight. The study in
question showed that the slender body suffered greatly
from aerodynamic heating and that, inasmuch as flight
efficiency was not the problem of the ballistic missile
but rather survival under conditions of intense heating,

the blunt high-drag body had great superiority as an
ICBM warhead shape. The principal investigator,
H. J. Allen of the Ameg Aeronautical Laboratory, re-
ceived the Committee’s highest honorary award for his
contribution.

Research on the problems associated with the use of
blunt ICBM. warheads has progressed during the past

‘year. Experimental research, both flight and wind

tunnel, has been conducted with the objective of refin-
ing these blunt shapes to reduce the heating further.
Studies have been. made of the boundary-layer transi-
tion problem for the special case of extremely blunt
bodies. :

One problem that has occupied the attention of a
number of investigators is that of calculating the flow
field between the body surface and the detached shock
wave standing ahead of the body nose. One contribu-
tion to this problem has been a report in which two
new methods of calculating body surface pressures are
presented and compared.

High-Temperature Gas Dynamics

Many of the studies of the kind discussed in the pre-
ceding paragraphs are of necessity conducted under
conditions for which the air flow is that of a thermody-
namically perfect gas. In the case of theorstical work
the assumption is usually made of an ideal gas; in the
case of experiments the temperatures are often in the
range where the air behaves as o perfect gas. In real-
ity, however, for hypersonic flight the air affected by
the passage of the bow wave from the body and the air
within the boundary layer is heated to very high tem-
peratures, under which conditions the collisions among
the air molecules are energetic enough to initiate ioniza-
tion, dissociation, and chemical reactions. Thess ef-
fects cause large changes to take place in the funda-
mental properties of the air, such as the heat capacity,
molecular weight, etc., which cause important devia-
tions in air temperature and flow fields. These are
known as “real-gas” effects. A number of investiga-
tions have been made during the past year of several
aspects of this problem, ranging from studies of the
properties of high-temperature air and the rates at
which the several physical and chemical processes pro-
ceed, to studies of the effects of the changing proper-
ties on the flow fields around bodies. Some results of
these studies deal with the formulation of a theoretical
method for the calculation of dissociation effects in &
flow not in chemical equilibrium and vwith the fermula-
tion of flow equations across oblique shocks in hyper-
sonic flow in chemical equilibrium.
Heat Transfer

If the state of the boundary layer is known, that is,
whether it is laminar or turbulent, and if the tempera-
ture is not so high as to cause the properties of the air
to change appreciably, it is possible, as a result of work
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Five-stage hypersonic research rocket.
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done in previous years and continued into the past year,
to calculate or to estimate with engineering accuracy

the heat transfer for a number of simple shapes and

flow configurations. Some such cases, for example, are
cones, ogives (or bulletlike nose sections), hemispheri-
cal noses, flat plates, etc., mostly at zero or near-zero
angles of attack. The problems now lie in determining
the heat transfer under more complex flow conditions
which include separated flow, interfering flow fields,
flow around bodies and low-aspect-ratio wings at high
angles of attack, and conditions of very high flight
speed for which the air is dissociated and ionized. Re-
search on several problems in this category progressed
during the past year. Some examples are experimental
measurements on the heat transfer at supersonic speeds
to bodies of revolution at angle of attack and a theoret-
ical analysis of heat transfer in separated flows.

The improvement in transition Reynolds number
found to result from modest blunting of leading edges
was mentioned in a preceding paragraph. Such blunt-
ing for slender airplane shapes has also been found to
be effective in reducing generally the extremely high
heat transfer rates encountered at the leading edges
of wings and noses of bodies, and in fact, is found to
be necessary to prevent the destruction of these critical
heating areas under conditions of hypersonic flight.

Another related finding has been announced which
is of particular importance to airplane and winged-
missile applications, and that is the large favorable
effect of wing leading-edge sweepback on aerodynamic
heating. Large amounts of sweepback were found to
have the dual advantage of providing a direct reduc-
tion in the heat input and of reducing the drag of
blunted leading edges which, as mentioned, are neces-
sary to resist the heating.

Hypersonic Research Techniques

An extremely difficult and persistent problem has
been that of devising techniques for experimental re-
search on the problems of hypersonic flight. It is diffi-
cult because of the extremely high temperatures in-
valved and persistent because no completely satisfac-
tory solution is yet in sight. Nevertheless, progress

was made during the past year on several different ap-.

proaches. Heavy reliance has had to be placed on the
rocket-propelled-model method, since with this tech-
nique simulation of flight conditions is correct, testing
times are relatively long, and models are large enough
to be properly instrumented for the simultaneous
measurement of various important factors. Aside
from difficult problems of mechanical design and in-
strumentation, one of the principal problems has been
that of finding means to provide the needed increases
in flight speed rapidly and at a minimum cost. This
has been accomplished through developments in mult-

ple staging of various solid-propellant rocket motors.
Progress has been gratifying.

A considerable effort has been put on the study of
& number of laboratory techniques for hypersonic re-
search. One of these, the ballistic technique, is some-
what similar in its problems to the rocket-model
method, except that models are fired from high-velocity
guns and are necessarily much smaller. One of the
major problems has been in the development of the
launching guns themselves and progress has been such
that model launching speeds in excess of 10,000 miles
per hour have been achieved. A. new scheme of inter-
est for studying certain problems in connection with
the entry of ICBM warhead bodies into the atmosphere
is called an “atmospheric re-entry simulator.” The
technique involves the firing of a high-velocity model
upstream into a long hypersonic tunnel in which there
is & variation in air density similar to that encountered
by a full-scale warhead entering the atmosphere. As
of the time this report is written, preliminary experi-
ments are being made in a small-scale simulator and
the construction of a larger device is in progress.

The familiar wind-tunnel method in which the air is
blown past a stationary model is still an extremely
useful research tool for speeds up to about a Mach
number of 10. When attempts are made, however, to
apply it to speeds appreciably higher than this, if air
is used as the test medium and if testing times are to
be reasonably long, the method is beset with great diffi-
culties. The problem is basically that of generating,
containing, and directing a steady and continuous flow
of high-pressure air heated to a temperature of many
thousands of degrees. Various approaches are being
studied and progress has been made along several lines.

One promising new development makes use of a spe-
cial ceramic heat exchanger. In this scheme the wind
tunnel settling chamber is a ceramic-lined steel tank
filled with & mass of ceramic pebbles. In operation,
after the pebbles have been preheated, compressed air
is brought into the tank, passed through the pebble
bed and heated, and then exhausted through a water-
cooled supersonic nozzle to provide the test flow. The
first experimental equipment built on this principle
was a small-scale apparatus operating at 150 pounds
per square inch stagnation pressure to produce a Mach
number 2 flow with stagnation temperatures up to
about 4,000 degrees Fahrenheit. Within the past few
months a second, larger piece of apparatus has been
completed capable of operation in the same tempera-
ture range, with greater flow rates and with a stagna-
tion pressure of about 1,500 pounds per square inch,
permitting increases in test section size and test Mach
number. .

Prevention of the destruction of the nozzle throat,
where heat transfer rates are critically high, has posed

an important problem with the high-temperature hy-
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personic wind tunnel. For the present, water-jacketed
stainless steel nozzles have provided a workable solu-
tion. As design pressures and temperatures continue
to rise, however, new and more effective methods of
nozzle cooling will be required. One such method is
the injection of a thin insulating layer or film of cold
helium gas between the hot airstream and the nozzle
wall. Experiments on helium film cooling have been
carried out during the past year which have provided
information on effectiveness and also experience with
design and handling problems.

In the continuing search for means of providing still
higher air temperatures for research purposes, investi-
gations have been underway on the heating of air by
electric arcs, and several small laboratory devices have
been built which produce extremely hot supersonic air
streams with temperatures in the neighborhood of 15,-
000° F. Such air streams suffer from contamination
from vaporized electrode material and their chemical
and physical states are not yet accurately known. They
are nevertheless of immediate usefulness for certain
kinds of research and the general method of electric
arc heating is promising enough to warrant continuing
study.

Other metheds which involve short testing times have
also been under investigation and development. These
make use of heating of air by rapid compression, either
by means of a piston or by means of shock waves (i. e.,
the shock tube device).

Certain aspects of the problems of flow at hyper-
sonic speeds can be studied in wind tunnels which use
helium as the working fluid instead of air. Small
wind tunnels have been built to operate to Mach num-

bers in the neighborhood of 20 using helium as the’

working fluid. Some considerations on the use of
helium as a test gas have been investigated and re-
ported.

Magneto-Gasdynamics

Under conditions of extreme temperature en-
countered at higher hypersonic speeds, electrons are
knocked out of the atoms of the gases of which air is
composed, with the result that the air becomes ionized
and electrically conducting. This circumstance means
that there exists the possibility of exerting powerful
forces on the air by the application of electric and mag-
netic fields. Thus a new field for research is opened
dealing with ‘the flow of electrically conducting fluids
in the presence of electric and magnetic fields, which
has been variously’called magneto-gasdynamics, mag-
neto-aerodynamics, and magneto-hydrodynamics. Re-
search on this subject directed toward aeronautical ap-
plications is just beginning but new developments are
to be expected. One study reported during the past
year involved a theoretical analysis of the effect of a
magnetic field on the heat transfer and skin friction in
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the boundary layer of a conducting fluid on a flat plate.
One of the findings was that a magnetic field transverse
to the flow and fixed with respect to the plate caused a
reduction in both heat transfer and skin friction but
caused an increase in the total drag force on the plate.

HIGH-SPEED PERFORMANCE

High speed is a relative term which a few years ago
embraced the speed range mnear the speed of sound.
However, great strides have been made in the last few
years in improving the speed, range, and operational
capabilities of military and commercial aireraft. Some
military aircraft now operate supersonically at more
than one and a half times the speed of sound at alti-
tude, and missiles are flying at several times the speed
of man-carrying aircraft. Design studies are being
made to attain even higher speeds and altitudes and a
research airplane is being constructed to explore the

" problems of manned flight at very high speeds and alti-

tudes.

Recent achievements in advancing aireraft perform-
ance have been brought about by a major research effort
in which the NACA has played a leading role. It is
not possible to describe in detail the problems of super-
sonic flight or the attacks on these problems in this re-
port but the following paragraphs describe in a general
way some of the work that has been accomplished in
the past year by the NACA. in its continuing effort to
increase aircraft and missile performance and flight
efficiency at supersonic speeds.

‘When air flowing around one part of an airplane or
missile.disturbs another part the phenomenon is called
aerodynamic interference. The aerodynamic key to
high performance and flight efficiency at supersonic
speeds is the proper orientation and shaping of air-
craft components to minimize the drag or resistance
resulting from unfavorable interference effects. A
clear understanding of the nature of the supersonic
flow fields around airplanes and missiles is required,
therefore, if aircraft are to be efficient and have good
flying qualities.

In addition to affecting airplane and missile per-
formance, aerodynamic interference also affects the air
loads or pressures the structure must sustain, and the

- gtability and control of the vehicle. The latter two

items are discussed in other parts of this report. Per-
formance ag treated here is concerned mainly with 1ift
and drag.

The drag of an airplane or missile can be broken
down into three major parts, namely the form drag,
friction drag, and drag-due-to-lift. The form drag, as
the name implies, is caused by the form, er shape, of
the aircraft. Drag-due-to-lift is an additional drag
force that is caused when lift is developed on the wings
and body. The total drag of the configuration which
must be overcome by the thrust of an engine is the
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sum of the friction drag,the form drag, and the drag-
due-to-lift. ‘

At speeds near the speed of sound, the form drag
suddenty increases to as much as five or more times
its value at. subsonic speeds. This large increase in
form drag may be greatly reduced by applying the
transonic area rule, and as a result more efficient air-
craft have been designed to fly at low supersonic speeds.

The transonic area rule subsequently led to a super-
sonic area rule.

Wing-Body Combinations

Through the use of the supersonic area rule and de-
tailed studies of aircraft in supersonic wind tunnels at
the Langley Laboratory, improved lift-to-drag effi-
ciency has been obtained in the supersonic speed range
up to about twice the speed of sound.

Extensive theoretical and experimental research has
led to reduction in’ drag-due-to-lift by adjustment of
the wing planform and improvement of the loading
distribution through effective use of wing camber and
twist. A wind-tunnel investigation of the effects of
camber and twist has shown rather good agreement be-
tween theoretically predicted and experimentally
measured span loadings at low angles of attack.

At the Ames Laboratory a unified design method
has been develeped for predicting wing-body and wing-
body-tail interference at supersonic speeds. This de-
sign method was developed through theoretical studies
and the use of experimental wind-tunnel results.

A study of the problem of drag-due-to-lift has led
to the development of a “conical” cambered wing, so
named because of the conical shape of the wing leading
edge to which it is applied. Conical camber has been
studied on triangular and sweptback wings of various
aspect ratios, taper ratios, leading-edge sweeps, design
lift coefficients, and with varying extent of the cam-
bered area, to delineate the limits to which the lift-
drag efficiency is improved. Test results have shown,
in general, that the maximum lift-drag ratios of tri-
angular and sweptback wings can be increased at high
subsonic and low supersonic speeds.

Complete Aircraft Configurations

In addition te the wing, fuselage, and tail, 2 com-
plete aircraft consists of engines with engine-air inlets
and jet exits, cockpit and canopy, and the external
stores (bombs, rocket missiles, auxiliary fuel tanks, etc.)
that airplanes are required to carry. The effects of
all these components are a very important consideration
from an interference drag viewpoint.

The most difficult problem is that of efficient inlet-
engine installation. Conventional design methods re-
sult in propulsion system installation drags of the same
order as the drag of the wing and body alone. To re-
duce this drag, engine installations must be carefully

integrated into the airframes. Theoretical research re-
sults in this field are encouraging and investigations
are being conducted to determine the extent to which
anticipated gains can be incorporated in practical con-
figurations. )

The first results of a program at the Ames Labora-
tory have shown desirable engine locations for air-
planes with wings of short span, and modifications of
the airframe are being considered now to provide
greater lift-to-drag efficiencies through closer integra-
tion with the power plant.

In addition to interference from the physical com-
ponents of the airplane, the streams of hot exhaust
gases from turbojet engines can cause serious inter-
ference effects. For example, it is possible that a jet
exhaust which caused no harmful interference at an
altitude of 20,000 feet could produce at 60,000 feet a
flow pattern giving serious interference. Techniques
for accurately simulating jet exhausts in wind-tunnel
models have been developed and experimental and ana-
lytical study of jet-exhaust interference problems has
provided design guides for avoiding or alleviating the
adverse interference effects of jet exhausts.

At the Langley Laboratory an experimental investi-
gation of cockpit canopy shapes at supersonic speeds
has indicated the drag reductions possible with proper
design of the windshield shape and location of the can-
opy on the fuselage. Also at Langley, an extensive
wind-tunnel investigation of aerodynamic interference
between aircraft and external stores has been conducted.
This program has provided experimental information
indicating the proper locations for carriage of external
stores for the least performance losses.

Launching of missiles and bombs from supersonic
aircraft is an important and difficult problem. ILack
of knowledge of the flow phenomenon involved has re-
sulted in large deviations of the launched weapon from

_its intended flight path, and in loss of the launching

aircraft in some cases. Wind-tunnel measurements of
the aerodynamic forces on missiles immediately after
being launched from an aireraft have provided infor-
mation to aid in the prediction of the flight path of
missiles launched from aircraft at supersonic speeds.

Advance Design Concepts

At high supersonic speeds (two to five times the
speed of sound) theoretical studies indicate a possibil-
ity of combining some aircraft components in such a
way as to produce faverable interference effects on
other components. However, the complex flows in-
volved in complete configurations can be determined
accurately only by experiments using large models in
large supersonic wind tunnels. Not only lift-drag effi-
ciency, but also stability and control characteristics and
performance of the engine air inlets must be investi-
gated at these speeds. Also, at these speeds aerody-
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namic heating becomes a major problem leading to use
of current high-temperature materials such as the stain-
less steels. Care must be taken in detail design to avoid
the adverse effects of interference flows on aerodynamic
heating which can produce local “hot spots.”

In general, it can be said that the interference prob-
lems of modern supersonic airplane and missile designs
are so complex that much wind-tunnel testing and ana-
Iytical investigation is required to effect satisfactory
solutions.

In the very-high-speed range, the past few years have

seen preliminary studies of vehicles for flight at veloci- -

ties approaching satellite speeds. Some of this work
has been concerned with the boost-glide system, so
named because of its mode of operation which consists
of rocket boost to cruising speed and altitude and a
powerless glide to its destination. Boost-glide vehicles
should have high lift-drag ratios and aerodynamic heat-
ing problems must be solved. Analytical studies have
indicated approaches to higher lift-drag ratios, but ex-
perimental research in all phases of aerodynamics must
be extended to much higher speeds to provide the re-
quired information.

INTERNAL FLOW

The performance capability of an airplane or missile
with an air-breathing engine becomes increasingly de-
pendent on the efficiency of the internal flow system as
the Mach number is increased above the speed of sound.

As the design Mach number is increased, the ratio of
the inlet frontal area to the engine compression face
area must also be increased if the inlet is to supply the
amount of air required by the engine. Accordingly, a
hypothetical turbojet engine designed for a maximum
Mach number of 4.0 would require an inlet with a
frontal area over three times as large at maximum
Mach number as that required when flying at transonic

speed. Conversely, if the frontal area is maintained.

constant at a value compatible with Mach number 4.0
operation and the internal geometry of the inlet is
varied to maintain the proper engine airflow character-
istics over the Mach number range, then the inlet
frontal area will be too large at transonic speeds and
over half of the inlet airflow must be diverted. This
considerable airflow variation with Mach number has
necessitated the use of more complex inlets having
variable geometry components to realize high levels of
net thrust. . .
Since the thrust produced by an air-breathing engine
is a function of the pressure at the engine compressor
face, research is being conducted to reduce the pressure
loss of inlets designed for Mach numbers in excess of
2.0 while simultaneously reducing the drag created by
the inlet to a satisfactory level. Because high-pres-
sure recovery at the design speed is insufficient to guar-
antee satisfactory performance throughout the flight
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range, research is also being directed toward the estab-
lishment of inlet flow characteristics and operational
limitg at Mach numbers other than maximum.

In integrating the power plant into the airframe, it
is also necessary to minimize the external drag of the
installation. Toward this end, extensive tests have
been conducted to determing optimum nacelle after-
body shape, particularly in the high subsonic cruise
condition where adverse effects are most severe.

Inlet Performance

As the speed of aircraft and missiles ultilizing air-
breathing engines is increased, the need for highly ef-
ficient inlet designs becomes of paramount importance.
The wide range of conditions encountered with high
Mach number designs necessitates the use of variable
geometry inlets and removal of the low energy bound-
ary layer air adjacent to the inlet walls. External
compression inlets have been used extensively for speeds
up to twice that of sound, but as the Mach number is
increased further, the cowl drag tends to increase rap-
idly. One method for overcoming this cowl drag is to
decelerate all or part of the supersonic airflow within
the inlet ducting. This method is attractive because it
can provide high pressure recovery and very low drag;
its disadvantage is a discontinuous flow characteristic
that requires special control if near optimum per-
formance is to be obtained.

At the Lewis Laboratory, experimental investiga-
tions on all-external compression inlets designed for
Mach numbers in excess of 2.0 have indicated that the
external drag can be appreciably reduced below pre-
vious concepts by providing adequate boundary-layer
removal. Similar tests on a shorter inlet utilizing
mixed external-internal compression have yielded rela-
tively high pressure recovery with relatively low drag
coefficient. An all-internal contraction inlet has also
yielded very promising pressure recqveries.

At the Ames Laboratory, work on inlets has been
mainly concerned with improving the performance of
internal-contraction inlets for flight at Mach numbers
greater than 2,

Small-scale models have been used to study the ef-
fect on total pressure recovery and flow distortion of
such items as the internal shape of the annulus and
centerbody and boundary-layer bleed. These studies
during the past year have indicated that the pressure
recovery of a carefully designed internal-compression
inlet is comparable to the better external compression

" inlets. Significant principles concerning design re-

quirements of internal-compression inlets with trans-
lating centerbody to provide satisfactory off-design
characteristics have also been determined and experi-
mentally verified.

The results of these small-scale studies have been
incorporated in the design of larger scale, more com-
plex models with more complete instrumentation.
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Typical problems investigated concern methods of im-
proving the pressure recovery at high angles of attack,
the steadiness of the internal flow, the external drag,
and the interference effects of surfaces contiguous to
the inlet, such as a fuselage or wing on the inlet char-
acteristics. Results to date have shown a method by
which the pressure recovery can be improved at high
angles of attack and that the inlet design is satisfactory
from the standpoint of flow steadiness and low external
drag.

As the design flicht Mach number increases, the
range of stable off- de51gn, inlet operation becomes in-
creasingly small and the occurrence of extremely violent
shock wave fluctuations, known as buzz, becomes an
increased operating hazard. The accompanying ad-
verse pressure fluctuations have a strong detrimental
effect on engine performance and can cause the destruc-
tion of inlet componets. DMethods have been devised
and investigated that.are capable of delaying the occur-
rence of buzz, thereby extending the useful inlet oper-
ating range. Mechnical buzz suppressors have been
successfully applied to specific designs, but because of
their high losses can be considered satisfactory only
for emergency use where pressure recovery is of sec-
ondary importance.

A theoretical phase of the Ames program has been
concerned with the calculation of the external pressures
on inlet cowls. A knowledge of these cowl pressures is
necessary for the determination of cowl drag. ~ Experi-
mental work has verified the accuracy of the method
for computing external pressures on inlet cowls so that
it is now possible to compute accurately and quickly
the external wave drag of inlet cowls of arbitrary
shape.

Several inlet problems for specific airplane and mis-
sile configurations were also investigated during the
year. The direct application of these results has led to
excellent performance gains in the Mach number 2
range.

Flow Distortion

An air-breathing propulsive system requires nearly
uniform air flow at the engine face if maximum thrust
is to be attained. TUneven flow distribution and pres-
sure pulsation can cause inefficient engine operation
with the inherent danger of flow separation from the
compressor blades and the attendant possibility of en-
gine flame-out. TUnfavorable regions of low energy air
in the inlet duct can be caused by separation of the
low velocity boundary layer air adjacent to the inlet
walls as the air flow progresses through a shock wave
or negotiates a rapid change in direction.

Experimental studies at Ames have been made in the
wind tunnel, and bench tests have been performed with
various throat and duct arrangements at near-sonic
velocity to demonstrate the significance of secondary
flows in an air-induction system and emphasize the

necessity of maintaining flow uniformity from the free
stream to the engine face. Another phase of this in-
vestigation was to study in detail the flow in the tran-
sonic region of a duct. It has been shown that not
only must such a flow be uniform, but it also must be
steady, and several ideas which contribute to these
requirements have been developed.

Considerable research has also been conducted at the
Langley and Lewis Laboratories on methods for ob-
taining more uniform flows at the engine face. Various
types of flow control devices have been investigated in
detail, and design criteria have been established.

The use of screens in the subsonic diffuser offers a
powerful means of reducing distortion but does so at
the expense of reduced pressure recovery. Investiga-
tions at Langley have determined the extent to which
the flow may be improved by the use of screens as well
as the magnitude of the associated losses. It has been

. found that the losses which accompany the use of

screens can be largely avoided by the use of a free-
wheeling inlet rotor which draws its energy from high
velocity regions to reenergize low pressure areas with
consequent improvement in the velocity distribution.

Ducts and Diffusers

The air passing from the inlet to the engine must be
decelerated and must often negotiate some degree of
duct turnmg prior to induction into the engine. To
obtain maximum thrust from the propulsion system,
the losses inherent to ducts and diffusers must be mini-
mized.

At Langley, research in subsonic ducted flows during
the year has resulted in the development of analytical
methods of predicting the pressure distribution in a
90° bend of arbitrary contour and of calculating the
wall contours necessary to obtain a specific pressure
distrbiution. Applicability of these methods to the
design of vaned turns appears assured. ILosses result-
ing from shock boundary-layer interaction in ducted
flows have been satisfactorily predicted in low-angle
diffusers; the addition of a constant diameter section
between the inlet and shock sharply reduced losses in
short diffusers.

Jet Exits

Aircraft operating at high Mach numbers require an
exit nozzle area considerably in excess of that required
for the transonic speed range. The variable geometry
aspects of exhaust nozzles can result in low drag after-
body configurations at the maximum flight Mach num-
ber and high drag at the high subsonic cruise condition.
Any decrease in the high afterbody drag at cruise will
result in increased range.

Transonic wind tunnel tests conducted at Langley on
afterbody models without jets have provided detailed

pressure distributions for representative afterbody
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shapes, and optimum angles for basic designs have
been determined. Systematic studies of the effects of
the primary jet on the drag of conical afterbodies
have also been completed and reported ; areas of favor-
able and unfavorable jet interference are defined.

A jet exhaust gas generator utilizing the catalytic
decomposition of hydrogen peroxide has been con-
structed at the Langley Laboratory which is capable of
producing a hot jet that closely simulates the exhaust
of a turbojet engine. With this jet simulator, some of
the performance gains possible through proper selec-
tion of afterbody geometry have been determined for
boattailed nacelles with a primary jet and with sec-
ondary air supplied through ejector action of the pri-
mary jet.

Transonic flight tests of both single and twin jet
configurations also showed a favorable jet effect on
drag under simulated jet operating conditions. The
effects of boattail asymmetry and aerodynamic inter-
ferences from adjacent tail surfaces are being studied
with available results indicating marked changes in
drag from those of isolated bodies. Amnalyses of these
and other data are in progress to develop empirical
criteria. for evaluating jet effects on bodies of arbi-
trary shape.

At the Lewis Laboratory, jet exit research has been
predominantly concerned with the off-design perform-
ance of primary engine nozzles. General research on
various nozzle and ejector designs has shown that the
external flow greatly alters nozzle performance at off-
design conditions from the results predicated from
quiescent-air tests.

AERODYNAMIC STABILITY AND CONTROL

Airplane Stability

The sometimes radical geometrlc design changes in
airplanes (such as longer bodies and smaller wings)
required to reduce drag and obtain increases in per-
formance have, unfortunately, increased the difficulty
of providing adequate stability and control. The
problem of providing adequate directional, or “weath-
ercock”, stability for advanced airplane conficurations
for example, continues to tax the ingenuity of design-
ers. Influences on directional stability of the complex
flow fields generated by the wings and bodies are in-
herently difficult to predict, and even when they can
be determined, a challenge is presented in devising ef-
fective means for avoiding their adverse effects. For
example, an investigation at Langley of the effects of
fuselage nose length on the low-speed static-stability
characteristics of a complete high-performance airplane
model with a 45° sweptback wing shows that an in-
crease in nose length caused large decreases in the di-
rectional stability of the model at moderate and high
angles of attack. An exposed canopy also reduced the
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directional stebility of the model over almost the entire
angle-of-attack range for all nose lengths investigated.
An Ames Laboratory study of the effect of body and
wing interference on stability characteristics shows that
the interference of the body is especially important in
causing directional instability at supersonic speeds. In
spite of these difficulties, however, it has been possible
through detailed investigation in some cases to satisfy
the directional stability requirements on specific air-
plane designs by use of increased or redistributed tail
area, through the addition of various arrangements of
vertical fins located beneath the fuselage (‘“ventrals”).
or by means of forward located flow control devices.
Langley has conducted an mvestlgatlon to determine
to what extent the fuselage is involved in the large
differences in directional-stability characteristics ob-
served between unswept and sweptback wing-fuselage
configurations at high angles of attack. Two wing con-
figurations were studied; one wing with an unswept

" half-chord line, and another with 45° sweepback of the

quarter-chord line. The results indicate that both the
favorable decrease in the wing-fuselage directional in-
stability of the straight wing and the unfavorable in-
crease in instability associated with the sweptback wing
were due to forces, induced by the wings, on the
fuselage afterbody.

Static wind-tunnel investigations at Langley and
Ames of general-research airplane models have also
revealed -important effects of the fuselage forebody
shape on stability characteristics and indicate possible
advantages that careful selection of the fuselage shape
may provide.

Other recent studies indicate that special types of
wing-body-tail arrangements may be specified that will
avoid or use to advantage the complex interference
fields to alleviate the directional-stability problem.

Although a somewhat analogous situation has existed
concerning the occurrence of pitch-up—a violent longi-
tudinal instability prevalent at some speeds and angles
of attack with advanced airplane configurations—ex-
tensive research has provided a better understanding of
the basic design parameters that influence this instabil-
ity. Thus, while the prediction of the interfering flow
fields is a difficult task that requires detailed experi-
mental evaluation, a greater choice of effective methods
for alleviating the problem is now within the designer’s
grasp. Quantitative research information for use in
the choice of such primary design variables as wing
height, tail height, and wing dihedral have, during the
past year, been provided at Mach numbers ranging from
subsonic, through transonic, and into fairly high super-
sonic speeds. Sometimes a completely satisfactory
aerodynamic cure of pitch-up cannot be effected. In
such cases some means of insuring that the airplane does
ot enter the flight region where pitch-up occurs must
be provided. Several NACA studies were made re-
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cently of automatic control devices designed to provide
this capability.

Although the pitch-up problem now appears fairly
well understood, another longitudinal stability and con-
trol problem i3 becoming of concern. Conventional,
tail-rearward, airplanes usually become more stable, or
less maneuverable, as the flight speed increases to super-
gonic. This excessive stability means that larger con-
trol deflections are required to maneuver the airplane.
To aid in the solution of this problem, several uncon-
ventional airplane arrangements have been subjected
to analytical and wind-tunnel investigations. The tail-
forward arrangement appears to be fairly adaptable to
high supersonic-speed requirements. Calculations indi-
cate that tail-first configurations can be designed to
have attractive stability and control characteristics and
may have a lower trim drag than a configuration
trimmed by aft controls. Preliminary programs in
various subsonic and supersonic wind tunnels at the
Ames and Langley Laboratories have also been con-
ducted on generalized tail-first airplane configurations
over a broad speed range to provide experimental re-
sults.

Continued theoretical and experimental studies have
provided the designer with more complete information—
on the influence of basic design parameters on the dy-
namic stability of airplanes and misgiles. One dymamic
stability problem of recent concern is the adverse effect
of inertin forces introduced when a high-speed aircraft
rolls about an axis not alined with its longitudinal axis.
These forces tend to swing the aircraft out of line with
its flight path, sometimes leading to such extreme and
rapidly developed angles of attack and sideslip that
structural failure results. The importance of foresee-
ing the occurrence and magnitude of this inertia cou-
pling has led to the recent development at the Langley
and Ames Laboratories of more comprehensive but
simplified methods for predicting the response of an
aireraft in a steady roll. Recent studies have shown
that redistribution of some of the mass of the airplane
along the wings can have important advantages in con-
trolling adverse inertia cross-coupling effects. Other
NACA. investigations have studied the stability-aug-
mentation devices (such as pitch or yaw dampers) re-
quired to alleviate the inertia-coupling problem.

The introduction of various concepts of vertical and
short takeoff and landing airplanes has increased the
scope of stability and control problems facing designers.
Research conducted thus far has established the feasi-
bility of such operation by both propeller and jet-pow-
ered aireraft and provided a wide range of information
for such designs. Vigorous attacks have been made on
VTOL and STOL stability problems during the last
year—especially on the transition of VTOL airplanes
from normal forward flight to hovering flight—in sev-
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eral conventional and specialized facilities and by
means of free-flying dynamic models.

Aircraft designed to penetrate beyond the effective
atmosphere, will have a multiplicity of additional prob-
lems of space stability and control, particularly since
the vanishing air density will make ineffective conven-
tional aerodynamic methods of providing control and
oscillatory damping. Because such aircraft present
modes of operation far beyond current experience with
manned aircraft, pilot-controlled flight simulators
play a vital part in assessing some of the problems
that will be encountered and in providing important

* design criteria. Preliminary NACA analytical studies

and exploratory experiments in the last year have
mainly served to expose some of the severe and radi-
cally new stability and control problems that will be
encountered.

Missile Stability

As the speed of missiles has advanced far into the
supersonic regime, the general design tendency has been
toward wings having low aspect ratio (small span).
Configurations with such wings have been found to
have satisfactory aerodynamic characteristics at high
speeds and also avoid most of the aeroelastic problems
associated with the use of wings having larger spans.
For airplanes armed with internally stored air-to-air
type missiles, the smaller span missile is additionally
attractive since more of them can be carried in a given
volume. Because of these reasons, extensive NACA
studies were made on this type of configuration last
year. One Langley wind-tunnel study recently re-
ported was concerned with the supersemic character-
istics of a series of low-aspect-ratio wing missile models
in which the effects on stability of wing shape, body
size, and forebody and afterbody length and shape were
investigated. .

One of the problems of concern to designers of ex-
ternally-mounted, air-to-air missiles is the large forces
acting on the missile caused by the effect of the non-
uniform flow field generated by the airplane. These
forces can result in deflection of the missile’s flight path
during the launching phase endangering the airplane
and also affecting the accuracy of the missile. The
Langley Laboratory has recently reported on several
investigations made to provide additional high sub-
sonic speed information on this problem. In these
studies, the forces acting on missiles during simulated
launching from unswept-, sweptback-, and triangular-
wing airplane models were determined. The effects of
mounting position of the missile on the airplane wing
were also determined. ‘

The NACA. experimental and theoretical program to
determine the stability characteristics of the long-range
ballistic missile has been expanded in the last year.
Particular emphasis has been placed on the very-high
altitude type of ballistic missile and the evaluation of
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its aerodynamic stability characteristics during the at-
mosphere reentry stage. Results of recently reported
studies at the Ames and Langley Laboratories of a
wide range of missile reentry shapes permit selection of
configurations having the desired static and dynamic
stability without compromising the requirements for
high performance and minimum aerodynamic heating.
The characteristics of a short range ballistic missile,
whose trajectory is entirely within the atmosphere,
have also been studied. The adequacy of the super-
sonic static-stability characteristics of a typical ballistic
missile configuration of this type having a fin-stabilized
body of revolution was determined in a Langley in-
vestigation utilizing the rocket-powered model tech-
nique. .

Control

Continuing emphasis has been placed on the challeng-
ing problem of providing adequate control systems for
the wide range of airplane and missile configurations
which are of current and future interest.

A comprehensive Langley program to provide needed
additional information on the transonic and supersonic
characteristics of conventional wing flap and spoiler
controls continues. During the last year reports on
portions of this program to determine the transonic
effectiveness of several flaps and plain spoilers on
sweptback wings; the supersonic hinge-moment char-
acteristics (directly related to the forces required to op-
erate the controls) of a series of flaps on triangular
wings; and the supersonic effectiveness characteristics
of plain spoilers Jocated in various locations on an un-
swept wing were published. -

Conventional flap controls, primarily developed for
use at subsonic speeds, generally lose effectiveness be-
cause of aeroelastic effects and also require larger forces
for defleation at higher speeds. Plain spoilers, the
most common substitute for a wing flap, usually have
good effectiveness and relatively low operating forces
through the transonic speed range but have a tendency
to lose effectiveness at high angles of attack; previous
studies have shown that a slot behind the spoiler and
a wing lower surface deflector improve greatly the
effectiveness at angles of attack in the subsonic range.
In order to determine the supersonic characteristics of
the spoiler-slot-deflector control over a range of angle
of attack, a wind-tunnel study was conducted on & rep-
resentative sweptback high-speed airplane wing.

Another device that has been suggested for provid-
ing improved roll control in high-speed flight is an all-
movable differentially deflected aft horizontal tail.
Such a control avoids the wing aeroelasticity problem
and also many of the structural problems associated
with use of more conventional controls on the thin
wings typical of high-speed airplane designs. A wind-
tunnel study was made at Langley to provide super-
sonic information on the effectiveness of a control of

this type on two sweptback wing airplane models. In
addition, the effects of this use of the horizontal tail on
the longitudinal characteristics were determined.
Exploratory and ‘evaluation studies were also made
on other promising new airplane control arrangements
involving all-movable forward tails for pitch control,
body-mounted spoilers and flaps, and wing jet spoilers.
Additional studies were made to provide control in-
formation on low "aspect-ratio wing, slender-body
missile configurations, mentioned previously as having
certain advantages. Some of this information was ob-
tained from a recent Langley free-flight, rocket-pro-
pelled model study “of a series of roll-control arrange-

‘ments on a cruciform, highly swept, low-aspect-ratio

missile configuration. The effectiveness of wing flaps,
all-movable forward tails, all-movable wings, wing
spoilers and jet devices was determined over a range of
subsonie, transonic, and supersonic speeds.

Supersonic-speed wind-tunnel studies of the effective-
ness of various controls, including the all-movable wing
and forward tail, on other low-aspect ratio wing
missiles were made at the Ames Laboratory.

In another Langley study of wingless missile models
having bodies of square and round cross section, the
supersonic effectiveness of rearward mounted body
spoilers was determined.

For airplane or missile flight at very high velocity
and altitudes where aerodynamic controls will be in-
effective because of the thin atmosphere, reaction-type
devices utilizing deflection of the main thrust jet or
auxiliary control jets which furnish control independ-
ent of the surrounding atmosphere appear most fea-
sible. Some of the results of research studies of these
controls in various Langley, Lewis, and High-Speed
Flight-Station facilities have been reported recently.

In one Langley study the high-speed effectiveness of
three types of reaction controls—an immersed jet vane,
a jet flap, and a jet spoiler—all of which acted on the
main rocket jet of a slender missile configuration, was
determined, using the rocket propelled model technique.

The High-Speed Flight Station study was concerned
with the simulation of a jet-control system suitable for
an airplane flying at extreme altitudes. This prelim-
inary study has provided valuable information for the
design of the control system to be used in high-altitude
flight tests of a research airplane.

Flying Qualities

Research investigations to study several phases of

airplane handling qualities have been made in the last

.year. For example analytical studies have been con-

ducted to develop simplified and improved methods for
calculating the characteristics of the sometimes un-
stable or insufficiently damped “Dutch-roll,” a com-
bined yawing and rolling motion of an airplane. In
addition, methods have been developed for calculating
the lateral response of an airplane to random atmos-

o
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pheric turbulence, a type of motion which previously
could not be predicted accurately.

In order to determine the factors that limit the
minimum landing speed of high-performance air-
planes, flight programs have been conducted at the
Langley and Ames Laboratories. These studies were
undertaken because of the uncertainty of the causes
for the tendency toward high landing speeds prevalent
for most current airplanes. Consideration was given
in the studies to the effects of stall warning, engine
thrust, engine response, altitude and speed control,
lateral control effectiveness, static longitudinal stabil-
ity, and pilot visibility.

Spinning

During the past year, research on airplane spinning
problems has continued primarily through investiga-
tion in the free-spinning tunnel of specific airplane
designs for the military services. Amnalysis of the re-
sults of these studies has emphasized the importance of
mass distribution, fuselage nose length, and proper con-
trol manipulation for recovery for a given design. For
gsome future designs, wind tunnel and flight studies
have shown it may be essential to prevent the fully
developed spin by proper control technique during the
incipient phase of the motion. In order to study this
incipient spin, not possible in the spin tunnel, a new
technique has been developed involving the launching
of dynamic radio-controlled models from a helicopter.
This facility can also be used to study the fully de-
veloped spin and therefore as a check for spin tunnel
tests, if desired.

AUTOMATIC CONTROL
Missiles

The unmanned saircraft, or missile, depends upon
self-contained control devices to provide it with stabil-
ity and to control its direction of flight. These con-
trol systems, because of the growing need.to fly higher
and at great speeds, are very complex and expensive.
The NACA’s automatic control research in the missile
field has concerned itself with simplification of stabili-
zation and guidance systems, and with improved
means of analyzing and optimizing complex control-
ling networks under realistic flight conditions such as
turbulence in the atmosphere dnd electronic interfer-
ence in radar guidance information.

Studies at the Langley Laboratory to establish sim-
ple stabilization and control systems for missiles have
led to the consideration of on-off or flicker controls
which are momentarily deflected and returned to neu-
tral to correct for errors in a missile’s course. Control
system theory for nonlinear control techniques of this
nature show that flicker controls can maintain a desired
missile flight path with minimum use of the controls
and with minimum deviations from the desired path.

This is accomplished by a particular control switching
sequence. An analytical method for determining such
a switching criteria, and mathematical techniques for
analyzing such discontinuous control systems have been
developed.

In another Langley Laboratory study, concerned
with simplification of missile control and guidance sys-
tems, advantage was taken of certain nonlinear aero-
dynamic characteristics as a means of providing an on-
off control system for adjusting a missile’s flight path.

Results of studies of the above type have been en-
couraging enough to justify a missile trajectory study
of the final phase of target interception with simplified
schemes of missile guidance and control. It has been
shown that simplified control techniques can provide
accurate flight path control and in addition both the
pover required and the size of the power unit to actu-
ate the controls may be less than that for other more
conventional control techniques.

When missiles are required to operate over broad
ranges of speed and altitude, correction of flight path
errors require different control deflections for various
flight conditions. The required flight path is usually
maintained by a complex gearing system to vary the
control surface deflections as a function of flight speed
and altitude. Studies of ways and means of simplify-
ing this gearing problem have been made at the Lang-
ley Laboratory. The analytical and model flight pro-
grams conducted show that if the aerodynamic control
surface is deflected by an actuator that provides a given
force for a given guidance-error signal, the control
system can be simplified and at the same time produce
fairly uniform missile response to command signals for
a large range of flight conditions.

At the Ames Laboratory, studies were undertaken to
develop an analytical method for the design of control
systems for two types of guidance that would provide
a missile with the best probability of hitting the target.
It was shown that exact analytical solutions may not
be feasible; however, approximate solutions can be ob-
tained for an optimized control system by means of a
combination of analytical and electronic computer
studies. The guidance systems considered were beam
rider and homing. In the first system the movements
of the target airplane are followed by the electronic
beam of a radar device much as the target might be
followed by a beam of a searchlight. The missile
attempts to fly along this beam to the target. In the
homing system, the missile contains its own guidance.
Information on target position with respect to the mis--
sile is obtained through a tracking radar carried in the
migsile. A computer in the missile uses the target in-
formation and missile flight information to provide
signalg to the controls to fly the missile toward the
target. In.these studies, missile aerodynamic charac-
teristics, target evasive maneuvers, and electronic inter-
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ference signals associated with radar tracking of
targets are considered.

Recently, because of their application both to mis-
sile guidance systems and to airplane armament firing
control systems, considerable attention has been given
to optimization techniques for systems subjected to dis-
turbances having statistical characteristics, such as ra-
dar noise (electronic interference) and air turbulence.
A mathematical technique has been developed at the
Ames Laboratory for optimizing control systems sub-
jected to random (statistical) disturbances. The
method can be used to study cases where the statistical
characteristic of the disturbance is either stationary,
which is to say, does not vary with time, or non-
stationary, that is, varies with time. °

Airplanes

Use of airplane configurations selected primarily
from performance considerations has accelerated the
need for automatic systems for alleviation of stability
and control deficiencies. Increased performance has
also emphasized the limited control capabilities of the
human pilot and pointed to the need for automatic con-
trols to assist him in the performance of special func-
tions such as target tracking. 7

One problem encountered by high-performance air-
planes has been extreme inadvertent divergence from
the desired flight path during rolling maneuvers. Re-
cent research has provided a better understanding of
the phenomena and has resulted in the construction and
testing of several promising automatic systems at the
Langley and Ames Laboratories and at the High-Speed
Flight Station, to control flight path divergence where
practical airplane modifications were not adequate or
could not be employed.

A parallel problem for high-performance airplanes

has been that of inadvertent pitching motions in longi- -

tudinal maneuvers. Analytical studies have indicated
several methods for alleviating these undesirable char-
acteristics by automatic means. In one Langley
Laboratory program a pitch-up limiter which effec-
tively modifies the aerodynamic pitching moment of an
airplane appears to be a promising control device. In
another study, an automatic braking device on the
elevator, actuated by a combination of normal accelera-
tion, pitching-velocity, and pitching-acceleration sig-
nals successfully limits normal acceleration to desired
values. ’
In modern airplanes the pilot is no longer linked di-
rectly to the serodynamic control surface through a
- cable and pulley or push-pull rod mechanism. Most
high-performance airplane control systems contain hy-
draulic actuators although some use is being made of
electric actuators. With hydraulic systems the pilot,
through the control stick, is linked to a valve which
controls the flow of hydraulic fluid to the actuator
which in turn deflects the aerodynamic control surface.

Since the pilot is not directly connected to the aero-
dynamic control surface, he is not immediately aware
of the aerodynamic force imposed on the control sur-
face. Artificial feel systems have been shown to be
necessary and are incorporated in powered control
systems.

Studies of control deficiencies of modern airplanes
show that the pilot is not necessarily provided with
the best cues to enable him to maneuver the airplane
with precision. Some exploratory ground simulator
and flight research at the Langley Laboratory has
shown that when control system feel characteristics are
functions of normal acceleration, pitching velocity,
pitching acceleration, or combinations of these func-
tions, the pilot can improve his precision of control.

It has been learned that factors such as the force re-
quired to start the powered control system moving, time
lags between control stick movement and control sur-
face movement, and associated airplane response chaxr-
acteristics to control surface movement can affect
greatly the pilot’s opinion of the airplane and its con-
trol system and more importantly his ability to control
the airplane precisely. Studies have been made at the
Langley and Ames Laboratories to determine desirable
values of the important control system variables as as-
sociated with control stick deflection and force.

Avutomatic pilots are being used extensively for such
tasks as pilot relief for cruising flight control, bombing
navigation, and target tracking. In the usual case the
automatic pilot is added to the existing control system.
The extensive use of automatic pilots has raised ques-
tions as to the need for duplication of control system
elements. If the human pilot flew the airplane
through the automatic pilot, it should be possible to
simplify the airplane control system. In this area the
Langley Laboratory has conducted a number of flight
and ground simulation studies of two autopilot control
systems that provide control of airplane attitude and
airplane acceleration respectively. Thus the human
pilot by movement of the control stick does not move
the aerodynamic control surface directly but commands
the control surface, through the automatic pilot, to
move in such a manner that the airplane develops the
desired attitude or acceleration (depending on type of
autopilot) commanded without further manipulation
of the control stick by the human pilot. These systems
inherently provide such features as stability augmenta-
tion and uniform airplane response over broad ranges
of airplane operation. Pilots that have flown these
command control systems believe them to be an impor-
tant advance in control system design.

The use of powered controls and autopilot eontrol
systems makes it possible to use small control sticks
mounted on the side of the cockpit. Side-mounted con-
trol sticks are of interest because they clear the central
area of the cockpit for use of radar fire-control equip-
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ment, and enable the pilot to minimize inadvertent
movement of the control stick during rapid maneuver-
ing. One slde-located stick has been tested at the Lang-
ley Laboratory in conjunction with angular rate and
normal acceleration automatic pilot control systems and
with a conventional power control system. In general
the pilots found this side-located controller to be com-
fortable and natural to use, and could fly the airplane
with good precision.

Experience shows that the human pilot of a high-
speed interceptor must be assisted in the target track-
ing phase of an attack of another high-speed aircraft
if the mission is to have a reasonable chance of success.
In the past this assistance has taken the form of optical
and radar sights which compute the desired aiming
point for particular types of attacks. Recently auto-
matic tracking systems have been used which com-
pletely relieve the pilot of the tracking control task.

This latter system has received the bulk of attention

this past year.

Automatic tracking systems rely on radar to give the
position of the target relative to the interceptor. Tar-
get location information is passed through a computer
which provides signals to the airplane controls such
that the airplane performs the necessary attack maneu-
vers. The performance of existing and proposed auto-
matic control gystems has been evaluated at the Ames
and Langley Laboratories to establish comparative per-
formance and to define problems. In particular, pro-
grams have been carried out to determine ways to im-
prove accuracy of tracking or maneuvering targets;
ways to optimize airplane response to commands to roll
and pitch; means of optimizing the command com-
puter; and studies of the effects of airplane aerody-
namic characteristics on the performance of the auto-
matic attack system. An interesting byproduct of one
flight investigation concerns human pilot tolerance to
airplane motions when the airplane is tracking auto-
matically. It was demonstrated that automatic track-
ing systems must be designed to insure that the pilot
is not exposed to motions that unduly reduce his capa-
bility to monitor the attack. '

LOW-SPEED AERODYNAMICS

The design of airplanes to operate at higher speeds
generally involves compromises resulting in higher
takeoff and landing speeds. The longer runways
necessitated have been of increasing concern and ex-
pense especially to the military services. There are
many situations where it is especially advantageous to
have aircraft that are capable of taking-off and landing
vertically or in extremely short distances (commonly
referred to as VI'OL or STOL aircraft) in relatively
rough terrain, and that have significantly greater speed
and range capabilities than helicopters or converti-
planes. Research on airplane configurations eapable of

accomplishing vertical or short takeoff and landings as
well as research on the low-speed characteristics of
high-speed configurations is receiving much attention
by the NACA.

High-Lift Devices and Boundary-Layer Control

Various devices including wing leading-edge modi-
fications—such as slats, nose droop or flaps, and changes
in nose radius—in combination with wing trailing-edge
flaps have been tested in wind tunnels and in flight as
means of increasing lift. Higher lift is achieved with
such arrangements by either an increase in camber or,
in some cases, by delaying the separation of the low
energy air adjacent to the wing surface. Ultimately
as lift is increased, however, the energy of this bound-
ary layer air decreases to the point where it separates
from the upper surface of the wing and its high-lift
devices thereby causing stalling and loss in lift. It is
possible to delay this boundary layer separation to
higher lift by removing the low energy boundary layer
air artificially by suction through slots or a porous area
on the wing or flap surface or by reenergizing the
boundary leyer air through blowing. The develop-
ment of simple and effective pumping means in recent
years with the advent of the turbojet engine has re-
vived strong interest in boundary-layer control and the
NACA has accomplished extensive wind-tunnel and
flight research on boundary-layer control methods.

The direction of the present NACA flight research
on landing and takeoff is toward a general study of the
factors influencing the pilot’s choice of landing speeds
and piloting techniques. The maximum reductions in
landing speeds available through the use of boundary-
Jayer control have often not been realized in flight be-
cause of factors other than stalling. Items such as air-
plane stability, control response, visibility, and engine
response have limited the minimum speed at which
pilots will make landing approaches. Attempts are
being made to evaluate these factors as they relate to
the minimum speed chosen by the pilot in the landing
approach maneuver. The use of boundary-layer con-
trol to increase the lift of a wing normally results in
reductions in landing approach speeds to such an extent
that the airplane operates in a low-speed high-drag
range where more thrust is required as speed is re-
duced. This is an unstable condition in which pilots
do not like to operate for other than very short periods.
The establishment of piloting techniques in this low-
speed high-drag range should be of great benefit for
landing operations of future supersonic aircraft as well
as for VIOL and STOL aireraft since these latter types
will require similar piloting techniques. So far, this
type of flight experience has been with fighter-type air-
craft. In order to check the validity of the results as
they apply to transport type aircraft, it is planned to
perform similar investigations with multiengined air-
craft when suitable ones become available.
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Jet Flaps

Research aimed at reducing takeoff and landing
speeds and distances has also included several studies
of various types of jet flaps. The jet flap may be de-
fined as a high momentum sheet of air blown in the
vicinity of a wing in such a manner as to produce a
forced circulation of air around the wing, and hence,
additional lift. The jet flap concept differs from the
conventional boundary-layer control concept primarily
in that much more power is employed to induce the
circulation than is required merely to maintain attached
flow to a surface. In fact some arrangements involve
discharging the entire jet engine exhaust through suit-
able nozzles.

A new type of jet flap arrangement was conceived
during NACA. investigations which might be applied
to jet bombers and transports having pod-mounted en-
gines. In this arrangement, called the external-flow
jet-augmented flap, the exhaust of the engine is directed
upward by a vane or swiveling tailpipe through the
slot of a trailing-edge slotted flap. Results indicated
that this arrangement was somewhat less efficient as a
lift producer than the type of jet flap in which the ex-
haust is internally ducted through the wing from fuse-
lage mounted engines or engines buried in the wing.
The external arrangement does, however, allow the in-
ternal areas of the wing to be used for fuel and may
allow a lighter weight installation since very little
ducting is required. Preliminary estimates which do
not take into account any weight increases resulting
from the external jet flap installation indicate that sig-
nificant reductions in takeoff and landing speeds and
distances may be realized through the use of this jet
flap principle. Before the jet flap can be used safely,
however, a considerable amount of research remains to
be done particularly in regard to the effects of heat and
noise-induced vibration on the wing adjacent structure.
In addition, the safety aspects of an airplane equipped

with jet flaps need to be investigated in the event of an-

engine failure in critical flight conditions.
VTOL and STOL Aircraft Operation

In recent years pioneering NACA free-flight and
wind-tunnel research has led the way in the develop-
ment of several airplanes which hold promise of span-
ning the operational gap between helicopters and con-
ventional aircraft. Several jet-powered VIOL air-
craft and propeller-driven VIOL and STOL aircraft
have been flight demonstrated by contractors to the
military services or are to be demonstrated in the near
future. A wide variety of configurations can be em-
ployed for aircraft of these types, although all depend
to a large extent or entirely on the use of power to
generate lift. Consequently, a new series of perform-
ance and stability and control problems has arisen.
Most of the VTOL configurations flown to date may
be described as tail sitters and require that the fuselage

rotate from a vertical attitude at takeoff to a horizon-
tal attitude in forward flight. For transport aircraft
rotation of the fuselage is impractical and lift must be
generated in takeoff and landing by such means as di-
recting the propeller slipstream or jet exhaust down-
ward while the fuselage remains essentially horizontal.
- NACA research with free-flying models has resulted °
in a fairly complete evaluation of the stability and
control characteristics throughout the flight range for
three variations of a basic VIOL transport model.
The model was of the tilting wing and propeller type
and had both flap-type controls on the wing and jet-
reaction controls mounted at the rear of the fuselage.
The accompanying photograph shows the model being
flown in & wind tunnel. The results indicate that in
forward flight a high-wing configuration was more
stable longitudinally throughout a larger center-of-
gravity range than a low-wing configuration and that
the reaction-type pitch and yaw controls were more ef-
fective than flaps operating in the propeller slipstream.
All of the configurations could be flown easily in hover-
ing flight despite the fact that the rolling and pitching
motions had unstable oscillations.

Research on the principle of deflecting the propeller
slipstream for obtaining higher lift at low speeds has
also continued in conjunction with the use of blowing
boundary-layer control. Various flap configurations
have been tested in efforts to obtain higher lifting ef-
ficiency and less airplane nose-down pitching moment
caused by the concentration of lift near the wing trail-
ing edge. The results show that the boundary-layer

-control system produced increased 1ift and slipstream

turning; however, it was also brought out that the
economies of an overall aircraft system would depend
on the particular system employed and, for a par-
ticular ingtallation, would have to be determmed from
a detailed analysis.

Facilities for VTOL/ STOL Free-Flight Studies

Initial free-flight tests of VI'OL models conducted
in the Langley full-scale tunnel simulated slow, con-
stant altitude transitions from hovering to high speed
forward flight. It became apparent early in these
studies that there existed a need for a study of the

" handling qualities of these types of aircraft during

rapid accelerating and decelerating transitions to for-
ward flight and back to hovering flight. The rapid
changes in airspeed necessary for such studies could

- not be obtained in wind tunnels, and consequently & new

test facility was developed in which the speed of the
transition depends only on the amount of model power
available. This new facility consists, essentially, of a
small rotatable crane and is similar in operation to the
control-line technique used by model airplane enthu-
siasts wherein the model is tethered by wires and flies in
a circle. The results of the first investigation of a pro-
peller-driven, delta-wing, tail-sitter VTOL model



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 23

L "?‘:;.ﬂlb\

.": " -.a .. A

Multiple exposure showing tilt-wing model in various stages of flight.

using this facility indicated that decelerating transi-
tions from level flight to hovering were more difficult
to perform than accelerating ones because of the closer
coordination required between the thrust and pitch
controls to maintain constant altitude. The facility
has also been used to advantage as a testing ground for
jet powered models using hydrogen peroxide rocket
motors. To date models of a tail-sitter and a horizontal
fuselage VITOL airplane powered with hydrogen per-
oxide unitshavebeen tested.

Propellers

The use of propellers in new aircraft is currently
limited to those in which range rather than speed is a
primary design criterion, and to most of the VIOL and
STOL flying test bed aircraft. The NACA has, how-
ever, continued a transonic propeller test program uti-
lizing the XF-88B propeller research airplane. It was

469194—58——3

determined several years ago that a propeller must
have thin airfoil sections and operate at high tip speeds
to obtain efficient transonic performance. Propellers
with airfoil sections as thin as two percent have been
investigated ip flight from a structural as well as per-
formance standpoint. These propellers create consid-
erable noise. The performance penalties associated
with compromise propellers designed to operate at
lower tip speeds are presently being studied.

The primary problem associated with propellers for
VTOL and STOL aireraft applications is to achieve
high values of thrust at static and low-speed conditions
without unduly compromising the higher speed per-
formance. Consideration is being given to means of ac-
complishing this while at the same time keeping propel-
ler weight to a minimum. Some interest has been
evidenced in the shrouded propeller or ducted fan for
VTOL and STOL aircraft as such devices can.develop
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higher values of static thrust for a given diameter than
conventional propellers. Offsetting the advantage of
higher static thrust, however, is the added weight of

the shroud, its drag at cruise conditions, and possible -

structural problems imposed on the propeller or fan
blades. Some preliminary research on shrouded pro-
pellers has led to the development of improved shroud
shapes, and further work on actual shroud-propeller
performance is under way.

SEAPLANES

Recent NACA research in exploring and applying
advanced aerodynamic and hydrodynamic concepts has
opened the way for achieving markedly higher-speeds
with new seaplane designs not having the performance
compromises presently associated with water-based air-
craft. Following the trend of high performance land-
based aircraft, however, these advanced seaplane types
would have higher takeoff and landing speeds than
present day seaplan% For instance some of the con-
figurations may have takeoff speeds as high as 200
kmots. Consequently, a major part of the NACA’s hy-
drodynamic research during the past year has been
directed at studying hydrodynamic surfaces and sea-
plane configurations at higher speeds than before in
order to investigate not only hydodynamic performance
but also other important factors such as spray and
water flow characteristics, airplane stability and con-
trol on the water, and water loads on the seaplanes op-
erating in various wave conditions. These latter char-
acteristics are often difficult or impossible to predict
based on present experience, as the new advanced con-
figurations are in many respects considerably different
from present day seaplanes. It is encouraging that in
the NACA hydrodynamic tests some types of hull
forms and hydroski and hydrofoil gears  have shown
real promise for coping with the severe water loads at
the high landing and takeoff speeds, although a large
amount of additional research is needed to assess and

_ solve the loads problems.

High-Speed Hydrodynamic Facilities

A new hydrodynamic tank faclhty (see accompany-
ing photo) has been placed in operation at Langley
this year and has a speed capability of 170 feet per sec-
ond and a planned future capability of 200 feet per
second. In the first investigation in the facility it was
determined that the lift coefficient of a flat bottom
planing surface at various operating conditions was es-
sentially constant throughout the speed range from 80
to 170 feet per second. The experimental results agreed
well with those obtained in the larger Langley tanks
having lower speed capabilities' as well as those ob-
tained in a small high-speed water jet. A better un-
derstanding has also been achieved of the proper jet
boundary corrections to apply to data obtained in the
latter facility. .

Planing Surface Theory

Better theories have been needed to correlate the
vast amount of experimental data on lift of submerged
and planing hydrodynamic surfaces and to provide
better tools for guiding future research and seaplane
design. Advances have been made in this regard dur-
ing the past year and work has progressed on several
fundamental programs dealing with basic hydrody-
namic lifting elements such as hull bottoms, hydroskis
and hydrofoils. In one example a general nonlinear
theory was established for calculating the forces and
moments on planing surfaces of various shapes and

planforms. Previous theory considered only the linear

component of the suction lift and was limited mainly
to rectangular surfaces. Special experiments have been
conducted in the Langley tank No. 2 to verify the new
theory.
Hydroski and Hydrofoil Landing Gears

The ability of hydroskis and hydrofoils to alleviate
the motions and loads of seaplanes operating on rough
water has spurred additional research on such devices
for landing gears. There are still many unknowns
concerning optimum shapes and planforms for hydro-
skis and attention has been given during the past year
to effects of bottom and upper-surface curvature on the
ski characteristics during operation at various sub-

- merged and planing conditions. Also in multiski ar-

rangements the interference effects of multiple wakes
have been explored. Some shapes with particular
structural and retraction advantages have been in-
corporated in the program. Skis often produce vio-
lent spray at emergence and one experiment has been
aimed at investigating the effect of ski nose shape on
spray. Submerged lifting surfaces at certain oper-
ating conditions near the water surface incur air ven-
tilation on their upper surfaces with large losses in
lift and lift/drag efficiency. Experimental investiga-
tions have provided a better understanding of the na-
ture of these flow changes, the effect of model size on
the phenomenon, and the operating conditions at which
the ventilizated flow can be expected to occur.
Supercavitating Hydrofoils

" Normal hydrofoils intended for efficient operation
at low speeds develop cavitated flow at moderate water
speeds with attendant serious losses in lift and lift/
drag efficiency. By designing hydrofoils purposely to
operate in cavitated flow, however, good lift and drag
properties can be achieved at the higher water speeds.
These.so-called “supercavitating” hydrofoils offer con-
siderable promise for high-speed seaplanes not only in
providing efficient landing gears from a lift and drag
standpoint but also in alleviating the severe seaplane
motions and overall loads at high speeds in rough
water. In the past year refinements have been made
in the theory for designing the shapes of such hydro-
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foils. Several supercavitating hydrofoil configurations
have been tested in the Langley Tank No. 2 and the
tests will be extended to speeds up to 200 feet per second
in the new high-speed hydrodynamic facility.

ROTARY WING AIRCRAFT

Vibration

One of the major operational problems associated
with current helicopters is the high vibration level.
In addition to seriously limiting the life of some major
and expensive components, the vibration induces severe
pilot fatigue after only a short period of flying time.
In order to study this problem of vibration consider-
able effort has been applied to determine the sources
of the aerodynamic loads which excite them. Various
flight and wind-tunnel tests have been conducted in
which rotor-blade vibratory stresses and fuselage vibra-
tions in & number of steady and maneuvering flight
conditions have been measured. The results show that
the coupling effect between the fuselage and rotors,
which is often neglected or else treated by unproven
theoretical methods, can produce an important shift in
resonant frequency. The method developed during

New Langley high-speed hydrodynamic test facility.

the flight investigation should prove a satisfactory
means for “flight-test checking” of helicopter proto-
types for coupled frequency effects on vibration. In
addition, the measurements are being used to establish
more satisfactory theoretical treatments which should
help designers to alleviate the vibrations at the sources.

A Dbetter understanding of the basic aerodynamies
of the rotor airflow is a prerequisite to the development
of more efficient helicopters. Since the characteristics
of the flow field change with each flight condition,
theoretical treatments of helicopter characteristics are
very difficult and time consuming. Using previously
obtained rotor flowfield measurements as a guide, ana-
Iytical work has been continued in an effort to provide
methods for more accurately predicting the induced
flow. These studies have included the effect of tip-
speed ratio and the use of nonuniform blade loadings
which were not included in previous work. Automatic
computers have been. used to compute rotor blade mo-
tion, rotor blade airloads, rotor thrust and power, lon-
gitudinal and side forces, and certain stability deriva-
tives. The computational setup is general and the equa-
tions can be used for blades of any airfoil section, mass .
distribution, twist, planform taper, root cutout, flap-
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ping-hinge offset, and can account for the effects of
pitching and rolling velocities. ~Stall and compressi-
bility effects can be predicted, as well as the effects of
the reversed flow occurring over part of the retreating
blade. The use of high-speed computing equipment -
has enabled the rapid solution of very detailed equa-
tions in which no simplifying small-angle limitations
need be made regarding inflow angles, angles of at-
tack, or flapping angles.

Experimental work has supplied information relat-
ing to the aerodynamic interference between the rotor
and other components, a problem that has become more
important in view of the trend toward increased rotor
blade loadings and convertiplane arrangements involv-

“ing airplane-type lifting surfaces. An investigation of
the effects of a rotor slipstream on 2 panel representing
a wing mounted below a hovering rotor has indicated
that the vertical drag; that is, the loss in thrust due
to blockage of the rotor slipstream, can be calculated
with good accuracy. Various span panels were located
at varying distances below the rotor and both steady
and pulsing pressures on the panels were measured.

Performance

Current helicopters are limited in top speed by the
compressibility drag rise on the advancing blade whicn
causes large increases in the power required for flight
at high speeds. In addition to analytical work on the
problem of reducing the effects of compressibility, the
problem has also been attacked experimentally. Using
rotors varying in thickness from 6 to 15 percent of the
blade chord, investigations have indicated that sig-
nificant gains in high-speed performance can be
achieved with little loss in efficiency. One important
objective of this continuing project is to accumulate a
sufficiently wide xrange of airfoil section data at suit-
ably matched angles of attack and Mach numbers for
design information related to high tip speed rotors.

Stability and Control

Full utilization of the helicopter requires a true
blind-flying capability, which in turn has been reflected
in continued effort toward a fuller understanding of
the factors influencing helicopter stability and control
characteristics and flying and handling qualities. Re-
search conducted by means of flight tests has been con-
centrated on the important problem areas of low-speed
flight, steep approaches, and vertical landings, in order
to determine the effect of changes in various stability
parameters on pilot proficiency. Specialized piloting

POWER PLANTS

Much progress has been made in increasing the per-
formance of the turbojet engine since its introduction
in the United States in 1942. A comparison of the
performance of the early production engines with the
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tasks such as hovering over a fixed spot or executing a
low-speed instrument approach have been included.
Being considered also is the relative importance of im-
proved instrumentation for the pilot in conjunction
with improved helicopter stability for instrument
flight. Low airspeed flights, including efforts to hover
over a ground reference, are being conducted under
simulated instrument conditions with an HO8S-1 heli-
copter equipped with electronic autopilot-type compo-
nents which permit alteration of the apparent (to the
pilot) stability and control characteristics of the heli-
copter. By means of these components, systematic
variations in such parameters as control power, damp-
ing in roll, yaw, and pitch, and stabilization about each
axis can be evaluated. In order to insure adequate
coverage in the present investigations a current pro-
duction helicopter with stability augmentation equip-
ment (HSS-1) has been flown and appropriate data
published. The first results show that significant im-
provements in flying qualities can be obtained with
automatic stabilization equipment, particularly with
yaw stabilization.

Propulsion

Various design studies by the military services and
industry have indicated that propulsion devices
mounted on the rotor blade tip would be suitable for
very large, short range helicopters. Such systems em-
ploying pulse-jet and pressure-jet propulsion devices
have been tested on the Langley helicopter tower.
Pressure-jets may be either cold cycle; in which the
working fluid, usually air, is ducted through the blade
and no burning of fuel occurs at the rotor blade tips;
or hot cycle, in which burning does occur at the tip.
The results of a preliminary experimental program on
u pressure-jet rotor using both cold and hot cycles have
been published, as well as a set of design charts derived
to facilitate rapid analysis of compressible flow prop-
erties in a whirling duct. In general, the hot cycle sys-
tem showed about double the ratio of rotor propulsive
horsepower to equivalent compressed-air horsepower of
the cold cycle but resulted in a significant increase in
specific fuel consumption. The analysis of the flow in
a whirling duct presents in chart form the internal
aerodynamics of a pressure-jet rotor blade. Also in
conjunction with this project, an analytical study of the
hovering performance of various helicopter propulsion
systems has been ¢ompleted and the results presented
in the form of charts for estimating hovering over

endurance. -

FOR AIRCRAFT

latest models is of interest. Overall efficiency has been
at least doubled, weight for a given thrust output has
been cut in half, altitude operating limits have been
more than doubled, and finally, flight speed has been
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approximately tripled. Further substantial improve-
ments can be made. However, the bulk of the research
that is necessary for further improvements on the en-
gine proper has been completed. Future research to be
done involves inlet diffuser and exhaust nozzle, the in-
teractions between these components and the engine
itself, and the alterations in the engine to reach flight
speeds of four times the speed of sound.

The NACA. has made many contributions to turbo-
jet and turboprop progress. From its altitude facili-
ties has come a steady flow of performance data on
specific engines, which would otherwise not have been
available. This data has been generalized and the re-
sults of component research incorporated, with the re-
sult that the designers of each successive family of
engines has had an increasingly firm basis on which to
design new engines. Certain specific components such
as the afterburner and the transonic compressor have
been based primarily on NACA research results. The

progress of the turbojet has been the result of a joint -

effort on the part of the industry, the Department of
Defense, and the NACA.

NACA research on the ram jet has been parallel

to research in the turbojet. The ramjet is capable of
use to speeds of at least seven times that of sound and
for special applications can be used for even higher
speeds. The rocket engine is now coming into exten-
sive use. The NACA is increasing its emphasis on
research problems peculiar to this engine. Studies of
new high energy propellants, fluid flow studies aimed
at providing information on which to base the design
of fuel pumps, control system and heat transfer studies
are among the more important investigations. The
ever-present high temperature materials problem is in-
tensified by the rocket engine. Also underway are
studies of new propulsion systems such as the ion rocket
and the application of nuclear energy to both chemical
and electrical rocket systems.

A description of some of the Committee’s recent un-
classified research in the field of aircraft propulsion is
given on the following pages.

AIRCRAFT FUELS

Energy must be expended to move any object. More
energy is needed in a smaller package than is now avail-
able if aircraft are to fly much farther at high speed.
Theoretical studies show that the desired ranges can be
approached with some of the proposed high energy
fuels. )

The rate at which energy is expended will determine
the velocity of an object and the duration of the ex-
penditure will determine the range of the object.- The

energy available in burning 1 pound of jet fyel with
" air, for example, is sufficient to provide 1 pound of
thrust for 2,750 miles. In an aircraft system, however,
the greater part of this energy is lost because the effi-
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ciency of the engines is less than 50 percent. At super-
sonic speeds the efficiency of the engine is increased but
this increase is more than offset by the increase in air-
plane drag. For example, the range of a jet bomber
at supersonic speeds could be less than half of the
range of the same bomber at subsonic speeds because
of the drag factor. The range of an aircraft may be
increased by increasing the efficiency of the engine, by
decreasing the drag, or by increasing the amount of
energy in the system.

Much has been done and is being done to increase
engine efficiency and to decrease airplane drag. Con-
siderable increase in range has been effected by increas-
ing the amount of fuel in the system (over 50 percent
of the takeoff weight of a manned aircraft). The-
oretical studies show that considerable gains can be ob-
tained in the amount of energy in the system from the
use of lighter weight elements in the fuels or from com-
pounds containing these elements. The relative
amount of energy per pound (compared with conven-
tional jet fuels) from some of these is illustrated in the

following sketch :
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It is obvious from the figure that hydrogen contains
much more energy per pound than any other examples
shown. However, hydrogen, even as a liquid, has a
density about one-tenth of JP-4 and would therefore
require much larger tanks for the same energy content.
Beryllium, the next highest element, is quite searce and

'is extremely poisonous. Boron, however, is available *

in Jarge quantities.

NACA has studied the use of boron, in the form: of
powders mixed with conventional jet fuel. The results
indicated that such fuels can be utilized. However,
boron has the further advantage of forming compounds
with hydrogen and carbon. In this way the higher
energy available from hydrogen as well as boron can
be used. Many of these boron compounds are liquid
and can be used in systems quite similar to conventional
systems.

Since the boron hydrides do not occur in nature, they
must be manufactured and are quite expensive. How-
ever, for certain applications, the potential increase in
range warrants the additional cost.
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For the past seven years, the Lewis Laboratory of the A

NACA. has been studying the application of the boron’
fuels to aircraft power plants. The work has included
chemical laboratory studies, theoretical studies to de-
termine the most suitable types of engines and operat-
ing conditions, and experimental studies in actual
engines.

The rocket fuels program has the same goal as the

air-breathing engine program—obtaining more energy
and higher performance from each pound or gallon of
propellant. The theoretical performance of several
fuel and oxidant combinations has been calculated.
These calculations are used to design experimental en-
gines and then to evaluate the results of tests in those
engines.

Until recently, the theoretical calculations for specific
combinations required considerable time and effort.
Now, however, the use of an IBM 650 computer will
permit the calculation of theoretical rocket perform-
ance for any chemical system containing as many as
ten elements. The lower atomic weight elements (such
as carbon, oxygen, fluorine, hydrogen, nitrogen, and
boron) are of interest'in rocket propellants as well as
in fuels for air-breathing engines.

Research on rocket fuels is discussed in more detail
under “Rocket Engines.”

COMBUSTION

One of the serious problems encountered in the opera-
tion of turbojet aircraft is the decrease in combustion
efficiency that occurs at high-altitude flight conditions.
Experimental investigations with turbojet combustors
show that combustion efficiency is adversely affected by
the high airflow velocities at which these combustors
are required to operate and by the low air-pressures and
low air-temperatures encountered at high altitude.
Combustion efficiency is the proficiency with which the
chemical energy of the fuel and-air is converted into

- kinetic energy of the propulsive airstream. There is
a need, therefore, for a means to explain these deleteri-
ous effects, and to indicate design approaches that are
useful in alleviating these adverse effects.

A theoretical treatment of the turbojet combustion
process is difficult because several different processes
are involved. The fuel must be vaporized, mixed with
air, ignited, and oxidized to the final products of com-
bustion. The combustion process may be visualized as
a competition between these conversion processes and
the quenching that occurs when the reacting mixture
is cooled by dilution air and when the reacting mixture
contacts the relatively cool walls of the combustor liner.
Because of the complicatéd nature of the overall proc-
ess, no simple yet exact theoretical treatment is cur-
rently possible.

By making certain simplifying assumptlons regard

ing the turbojet combustion process, it is possible to ar-
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rive at equations to describe the process. The NACA
treatment assumes that one step in the overall chain of
processes which constitute turbojet combustion is suf-
ficiently slow to be the rate-controlling step. The
analysis is essentially semiempirical, since the theoreti-
cal equations are based on assumptions which are some-
what flexible, and are selected to agree with observed
experimental trends. The relation,

was derived from the assumptiion that chemical re-
action kinetics control the combustion efficiency. P is
the combustor-inlet pressure; 7' is the combustor inlet
temperature, V, is the combustor-inlet gas reference
velocity based on Py, T;, and the maximum combustor
cross-sectional area; f is the overall fuel-air ratio;
and « is the oxygen concentration.
A similar relation,

was derived from the assumption that the rate of flame
spreading controls combustion efficiency.

Experimental combustion data were obtained in tests
of several turbojet combustors. The experiments were
conducted to provide an evaluation of the theory and
included tests with a turbojet combustor in which (1)
the oxygen concentration in the inlet mixture was
varied, and (2) the pressure and mass flow rate were
independently varied through wide ranges.

A comparison between the experimental date and the
predictions of theory show that the parameter

P,T, -
. V. .

correlates the combustion efficiency data for several tur-
bojet combustors. The parameter

PHATM

~
was found, however, to give a better correlation of the
data for certain ranges of conditions.

The experimental data indicate that a shift from one
rate-controlling step to another occurs as combustor
pressure is increased, and the reaction kinetics param-
eter,

1)

2)

P fo

v,
therefore best correlates the data at low pressures. The
flame spreading parameter

b PHTM
TV,

is better at high pressures. No single correlating pa-
rameter can, therefore, be expected to be adequate for
all combustors and for the entire range of operating
conditions.
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LUBRICATION AND WEAR

Bearing Research

One of the important problems included in the gen-
eral field of lubrication and wear has been the failure
of bearings. While the quality and thus the average
life of bearings has been improved considerably in re-
cent years, there is a lack of knowledge of why some
bearings fail after being operated for very short times.

Until recently, much of the testing was done on full
scale assembled bearings. However, there are so many
variables involved in a test of this kind, that the fun-

damental causes of failure cannot be determined. Re- °

gearch on the failure of various parts of a bearing was
started at NACA in 1953 to reduce the number of
variables involved, and the progress on the improve-
ment of bearing cages and cage materials was reported
in the NACA. Annual Report for 1954. Also in 1954,
NACA started development of a method for testing
individual balls from bearings to try to find the basic
causes of ball failure—the cause of about 35 percent
of bearing failures in turbojet engines. "Preliminary
results indicate that, while the causes of failure are
quite complex, most of the failures are caused by some
discontinuity in the structure of the metal. This in-
dicates that improvements can be made by changing
the process of manufacturing balls as well as races.

Fundamentals of Friction and Wear

Research to solve current and anticipated problems
in obtaining satisfactory lubricants and seals for high
temperatures, for low temperatures, and for operation
in nuclear radiation has continued.

Liquid lubricants can be developed for temperatures
up to about 700° F., but their use at higher tempera-
tures is doubtful. The NACA has done considerable
basic research on the use of solid Iubricants for appli-
cation to temperatures above 1000° F.

Fluid flow systems of missiles require pumps having
geals and bearings that operate at extremely low tem-
peratures—a temperature of —800° F. for liquid oxy-
gen, for example. Very little is known about the be-
haviour of materials at these temperatures. The
NACA. has begun a program to obtain fundamental
lubrication and wear data at these low temperatures.

COMPRESSORS AND TURBINES

Compressor Research

Research efforts by the NACA. in recent months have

resulted in greater knowledge of the compressor stall
and surge phenomena, and a clarification of the arma-
ment firing problem.

At any particular rotating speed, a compressor can
impart & maximum increase in pressure to the airflow
it delivers, and beyond this point compressor stall and
surge occurs. Stall is characterized by a sudden de-
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, crease in airflow and results in danoerously high com-

bustion temperatures. Surge is characterized by vio-
lent oscillations in-‘airflow and results in excessively
high stress %nd. temperature fluctuations. Operation
at these conditions is eliminated by the engine control
system which maintains operation below experimen-
tally determined stall and surge limits.

With the advent of increased rocket armament fire-
power and air-launched guided missiles, it was found
that the engines swallowed large amounts of rocket
exhaust gases. Simultaneously the engines would stall
or surge, despite the action of the engine control sys-
tem. It was determined, however, that the stall and
surge points did not agree with anticipated stall and
surge points predicted from previous engine calibra-
tions. This situation not only had its immediate and
practical significance, but also gave rise to a question
as to the fundamental validity of those parameters used
to predict the occurrence of stall and surge.

NACA. research efforts have led to a major clarifica-
tion of the armament firing problem and a more real-
istic approach toward the delineation of compressor
stall and surge limits. It was determined that under
the conditions of the sudden ingestion of rocket ex-
haust gases, the multistage compressor no longer could
be considered as an integral unit. Instead, the com-
pressor must be accepted as a series of individual com-
pressor stages, each one operating under different air-
flow, pressure, and temperature conditions, and similar
only in that all stages rotate at the same speed. Pre-
diction of stall and surge based on this more sophisti-
cated concept of a multistage compressor was found to
correlate accurately with hiterto unexplained experi-
mental data, and the basic parameters used to delineate
stall and surge were verified. It is therefore now pos-
sible to seek a solution to the armament firing problem
with a firm understanding of the fundamentals in-
volved. '

Additional compressor research completed during
the year indicates that the translation of compressor
performance from one gas to another is a cumbersome
procedure unless only approximate results are required.
This study is important when it is desired to apply
knowledge of air compressors to compression of a dif-
ferent gas, or to extend the useful range of a test facil-
ity to higher power or speed ranges by using a special
gas medium for test purposes.

In the fundamental work of determination and pre—
diction of losses across axial flow blade rows it was
determined that major mixing losses resulting from the
wake downstream of the blade occur within 1} to 14
chord length behind the blade trailing edge. These
results are indicative of the important part played by
mixing losses in the development of overall compressor
losses and point out suitable measuring stations for
comparisons of different blade configurations.
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Jet airplané firing rockets.,

A rapid approximate method for the design of cen-
trifugal compressors of given blade shape has been
developed.

Tupbine Research

In the field of turbine research, NACA has demon-
strated the possibility of reducing the weight and sim-
plifying the production methods for turbines. The
weight reduction is not limited only to the turbine itself.
It is reflected also in the reduction of the weight of
the engine frame and aircraft frame because of the
lighter turbine. Manufacturers estimate that between
5 and 10 pounds of airplane weight can be saved for
each pound of turbine weight. Three basic advantages
are gained by weight reduction: (1) Increase either
range or load capacity of aircraft; (2) decrease the
rotational inertia which results in more rapid engine
acceleration and less gyroscopic effect, and (8)
conserve strategic materials.

Turbine research efforts have led to the development
of a light weight turbine particularly applicable to use
in short-life expendable uncooled engines. A. turbine
with the advantages of light weight, simplicity of fab-
rication, and low strategic alloy content was designed
and tested under full-scale engine operating conditjons.
The research turbine represented a weight saving of

almost 50 percent over a standard turbine of approxi-
mately 200 pounds, yet it operated satisfactorily for
longer than the period of time required for the com-
pletion of an expendable missile mission.

Considerable research effort has been devoted to fun-
damental turbine problems. This effort has involved
highly technical aerodynamic analysis. It aims to re-
solve the basic losses due to boundary layer flow separa-
tion and secondary flow. Work completed during the
year includes similarity solutions for three dimensional
incompressible laminar boundary layers; an analytical
and experimental investigation of secondary flows in
ducts; and analysis of particle motions in three dimen-
sional incompressible laminar boundary layers.

A tabulation of mass flow parameters for use in de-
sign of turbomachine blade rows has been published.
These tables permit a quick and accurate determination
of the integrated mass flow and various locations
throughout a blade passage.

Tuarbine Cooling

The application of turbine cooling to gas-turbine-
type engines permits increases in turbine inlet tempera-
ture to the point where engine power can be increased
greatly. Some applications can serve to improve the
specific fuel consumption. Furthermore, cooling will

\
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permit increased allowable stress levels. As a result,
it is possible to increase the mass-flow rate through the
turbine and, in all probability, the turbine can be made
more reliable.

Application of the various methods of air cooling to
the specific design of turbine blades has been studied.
The use of plain hollow blades is impractical for cooled
turbines because the coolant-flow requirements are ex-
orbitant. On the other extreme, the transpiration
cooled turbine blade ideally requires only very small
amounts of coolant, even for large increases in turbine-
inlet temperature. Generally, it is desirable to use
blades requiring the smallest coolant flow, but other
factors such as fabrication problems, cooling-air pres-
sure required, clogging, blade weight, and durability
must be considered. Recent research has shown that
considerable savings in coolant flow are made possible
by utilizing a smaller number of large chord blades
rather than a larger number of small chord blades.

Additional contributions to the field of turbine cool-
ing include a method for rapid determination of core
dimensions of cross-flow gas-to-gas heat exchangers,
and an analysis of laminar incompressible flow in semi-
porous channels.

CONTROLS

Liquid propellant rocket motors have been character-
ized by long development and “de-bugging” programs.
Much of the costly and time consuming procedure is
devoted to the redesign of previously satisfactory hard-
ware in order to eliminate unanticipated “chugging”
or rocket motor instability. NACA research in the field
of rocket dynamics and controls has indicated that paper
designs can be translated-directly into successful rocket
. motors if effects of rocket motor component dynamics
are properly considered.

The phenomenon of “chugging” is one of the most
serious problems associated with liquid propellant rock-
ets. Chugging is characterized by severe oscillations
in combustion, in the range of 75-300 cycles per sec-
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ond; these oscillations can result in rocket motor fail-
ure, missile structural failure or guidance inadequacy.

A basis for understanding the nature of the insta-

bility may be achieved by examination of a simple
rocket system consisting of a thrust chamber fed from
a large pressurized tank, and having a very short line
from the tank to the injector, (see sketch).
In this hypothetical case the pressure, P;, ahead of the’
injector can be considered constant, but the combustion
chamber pressure, P., and therefore the pressure drop
across the injector can fluctuate rapidly with changes
m combustion. Thus, a disturbance in combustion
chamber pressure causes a change in the pressure drop
across the injector and a corresponding change in pro-
pellant flow; the change in propellant flow in turn
causes another change in combustion pressure. Conse-
quently, any fluctuations in the combustion chamber
pressure are amplified and the system can be uustable.
For any specific rocket motor it has been found that
increasing the propellant pressure at a fixed combus-
tion chamber pressure, can stabilize the system and
eliminate chugging. However, the stability has been
achieved at the expense of an increase in weight re-
sulting from the heavier pumps and lines that must
be used. Furthermore, the same propellant pressure
does not necessarily result in stability for a larger or
smaller version of the same basic rocket motor.

In an NACA controls research project, a basic rocket
system, consisting of a propellant tank, pipe lines,
pump, injector and combustion chamber, was simulated
on an electronic analog computer. It was shown that
the dynamic behaviour of each component has an effect
upon the propellant pressure required for stability.
The reason for unsuccessful scaling of rockets to either
smaller or larger sizes becomes apparent, as it is shown
that component dynamic characteristics do not vary
proportionately with size. Proper attention to selec-
tion of components can eliminate resonances that lead
to instability, and increased propellant flow velocities
can substantially reduce the propellant pressure (and
therefore the rocket weight) required for stability. In
addition, the requirements that must be met by a con-
trol system in order to maintain rocket motor stability
over a range of thrust levels, are shown. Amnalog com-
puter simulation of the rocket system prior to assembly
of the physical components can greatly reduce develop-
ment time and cost.

In turbojet engine controls research, experimental
programs on speed control and temperature control
were completed. Previously derived analytical op-
timization techniques were corroborated and gains in
controlled engine performance were evaluated.

Instrumentation research has resulted in new auto-
matic data recorders and data reduction techniques, a
new mass-rate flowmeter for rocket propellants, a lith-
ium fluoride seintillating dosimeter for measurement of
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ionizing radiation, and advanced thermocouple tech-
niques. -The feasibility of measuring temperatures in

- the range from 3,000° to 4,000° F. by use of & cylindri-
cal tube cooled by interior liquid circulation (cooled-
tube pyrometer probe) was established.

POWER PLANT MATERIALS

-High Temperature Alloys

It has been recognized for a number of yea.rs that
small variations in chemlcal composition can result in
large variations in the strength properties of a.lloys
These effects have been well explored for the major

“alloying constituents such as chromium, nickel, cobalt,
and iron. The effects of minor a]loymg addltlons such
as boron, zirconium, hydrogen and nitrogen, have been
recognized where the effects have been drastic, such as
the hydrogen embrittlement of titanium and steel.
However, there is insufficient generalized information
available on the extent of ‘these effects, and the nature
of the mechanism by which quantities on the order of
50-100 parts per million can be so influential.

A recent study directed toward obtaining a better
understanding of the problem made use of vacuum
melting since this process offered the best chance of
controlling alloy chemical composition precisely.
Crucibles made from three materials, aluminum oxide,
stabilized zirconium oxide, and magnesium oxide were
used to contain the melts.

It soon became apparent that a]loys melted under
these conditions were quite variable in their strength
properties. Further, the variability did not seem to be
consistent. Chemical analyses of the alloys showed no
variations in the major constituents. Amnalyses for the
minor constituents, zirconium and boron quickly re-
vealed significant differences, although neither of these
elements had been deliberately added. Several ques-
tions were raised by these results. First, where was the
boron and zirconium coming from¢ Second, could the
effects be related spec1ﬁca.]ly to the variations in boron
and zirconium. And last, what was the mechanism ¢

The source of boron and zirconium was traced to. the
crucibles, specifically the zirconia and magnesia. Small
amounts of boron and zirconium are present in crucibles
made from these materials, and during the melting
process are dissolved by the molten metal. Alloys
melted in alumina crucibles containing no zirconium or
boron, did not show any zirconium and boron pickup.
Further, studies of alloys with controlled additions of
zirconium and boron yielded the desired relationship
between strength and chemical composition.

The investigation has shown that both zirconium and
boron must be present to obtain the maximum effect and
this occurs at 100 p. p. m. of zirconium and 88 p. . m.
of boron in the Udimet 500 alloy studied. These levels
of zirconium and boron result in a stress rupture life of
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640 hours as compared with 50-hours for a composition
containing less than 100 p. p. m. of zirconium and 2
p. p.m. of boron.

The results serve to clarify many puzzling and seem-
ingly contradictory variations in strength properties
for both experimental and commercial heats. In par-
ticular, variable boron pickup from the usual magnesia
refractories used in commercial vacuum melting could
explain many of the variations. Unrecognized intro-

" duction of boron or zirconium with the melting stock

could be: another source of variability. In addition,
the relationship between zirconium and boron is prob-
ably a further source of variation when such elements
have been purposedly added to an alloy. .

Physics of Solids

Ceramics have ‘long offered promise as practical
high temperature materials. Their strength proper-
ties, oxidation’ resistance, and stability upon exposure
to high temperatures are all good, but their brittleness
or lack of ductility leads-to poor resistance to thermal
and mechanical shock. These latter characteristics
have so far prevented their use in applications such
as turbine engine paxrts.

The reasons for their lack of ductility are not un-
derstood. It is possible that some of the brittleness
may be due to surface imperfections on an atomie
scale. This possibi]ity has been studied for a number
of years and is based on experiments with rock salt
single crystals.

These studies show that a freshly polished salt crys-
tal surface will develop microscropic cracks if allowed
to stand in air for a few hours. Electron microscope
studies reveal that these cracks tend to aline them-
selves along planes that have the highest atom density.
Repolishing by dissolving the surface in water will
produce a surface fres from cracks until it is again ex-
posed to air.

Concurrent strength studies of the rock salt crystals
showed that the strength of the crystals was drastical-
ly altered by the polishing process. Further experi-
ments indicated that a polished crystal could be easily
bent without cracking, while an unpolished specimen
would break like a piece of glass if bent in a similar
fashion.

While the above experiments did not furnish con-
clusive proof that surface cracks are the fundamental
cause of brittleness, the results were of sufficient in-
terest' to warrant similar studies of a material of more
practical nature, such as magnesium oxide. This ce-
ramic has a very high melting point, is resistant to
oxidation, and has a useful strength at elevated tem-
peratures.

Single crystal specimens were fabricated and the
surfaces treated to remove imperfections and cracks.
The specimens were then bent at room temperature in
much the same manner as the rock salt crystals. The
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Ductility of magnesium oxide crystals.

results were similar. The crystals were bent easily
and showed no evidence of cracking.

The above results are preliminary and at best are
applicable only to single crystals. Since practical en-
gineering materials are usually polycrystalline, it is too
early to determine whether ceramics may be made
ductile for engineering applications. Much additional
research is needed before ceramics can be considered
for use in aircraft and missiles engines.

ROCKET ENGINES

Propellants .
The rocket engine is unique among the various heat

engines in that it can operate beyond the earth’s atmos-

phere. Unlike airbreathing engines, it carries with it
all of the fuel and oxidizer that it needs. In one sense,
this is a disadvantage, since the payload of a rocket
powered vehicle must be reduced to make room for the
oxidizer. The effective energy content, or specific im-
pulse, of the fuel and oxidizer is, therefore, & combina-
tion of great importance. The higher the propellant
specific impulse, the greater is the potential perform-

ance of the vebicle that may be designed to use the
propellant.

Research on fuel and oxidizer combinations or pro-
pellants is directed toward obtaining materials yield-
ing higher specific impulse. Commonly used propel-
lants include modified jet engine fuel and liquid oxy-
gen, red fuming nitric acid and dimethylhydrazine.
Propellants having substantially higher specific im-
pulses include combinations of fluorine with ammonia,
hydrogen, and hydrazine.

Studies of fluorine indicate that in many ways it is
one of the most desirable oxidizers. Unfortunately
many of it5 desirable characteristics pose difficult prob-
lems. It is so reactive that it will combine violently
with many of the common pipe, tank, and gasket mate-
rials. It combines with fuels to produce very high tem-
peratures, thus complicating an already difficult cool-
ing problem in rocket nozzles and combustion cham-
bers.

A portion of NACA’s propellant research is directed
toward learning how to use fluorine in practical en-
gines. Analytical procedures have been developed to
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permit the prediction of fluorine fuel combinations for
various conditions. These procedures resulted from a
more comprehensive study to determine’' the perform-
ance of chemical rockets using propellants containing
carbon, oxygen, fluorine, hydrogen, nitrogen, and
boron.
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A number of investigations on the compatibility of
gaseous fluoride with a number of seal materials, thread
lubricants, valve packings, etc., have been completed.
Studies of materials compatible for use with fluorine
in practical rocket propulsion systems are continuing.

ATRCRAFT CONSTRUCTION

~ Research at high temperatures and for high-speed

aircraft and missiles is holding the center of the stage
in the aircraft construction field. Problems are multi-
plying at so fast a rate that it requires not only ingenu-
ity to pursue them but a keen perception to focus at-
tention on the most important items. Particularly in
the case of research at high temperatures the need to
reproduce the environments in which structures must
operate calls for new testing techniques on which sig-
nificant effort is being spent.

As in previous years, dissemination of important re-
search results on aircraft construction through a special
NACA conference was found to be effective. The con-
ference, attended by representatives of the military
services and & large number of their contractors was
concerned with many of the problems reported herein.

A summary of some of the Committee’s recent un-
classified research in the field of aircraft construction
is given in the following pages and is divided into four
sections: Aircraft Structures, Aircraft Loads, Vibra-
tion and Flutter, and Aircraft Structural Materials.

AIRCRAFT STRUCTURES

The burning up and dlsmtegmtlon of a meteor as it
enters the earth’s atmosphere is a graphic illustration
of one of the most important problems ever to face air-
craft structural designers. This problem is aerody-
namic heating. Any object such as a meteor moving
at high speed through the atmosphere compresses the
air ahead of and around it and this compression heats
the air. The higher the speed, the greater the heating.
For an airplane or missile traveling at 2,000 miles per
hour the air may be heated to 600° F. and at 13,000
miles per hour the temperature is nearly 20,000° F.
The problems associated with the design of aircraft
structures to withstand such heating are staggering.
Solutions must be found if such flight speeds ‘vhich
are otherwise possible are to be realized.

Solution of thermal structures problems requires a
knowledge of thé temperature distribution expected in
flight. Heat flow and temperature distributions within
typical aircraft structures have been determined
analytically as well as through the use of an Electrical
Thermal Analogue Computer. Recent investigations
have utilized aerodynamic and radiant heating facili-
ties to provide test data on the effects of joint thermal
conductivity and internal radiation on structural tem-

perature distribution. The heat transferred by thermal
radiation has been found to have an important effect
on temperature distributions.

Not only must an aircraft withstand heating, it must
at the same time possess sufficient strength and stiffness
to withstand the loads to be encountered in flight. The
nonuniform temperature distributions experienced by
aircraft structures at high speeds induces thermal
stresses in the structures with resulting reductions in
strength and stiffness. Radiant heating facilities have
been utilized to obtain test data on the effect of thermal
stresses on the buckling and ultimate strengths of
wings and fuselages. The combinations of compres-
sive stresses and thermal stresses which result in per-
manent buckling of structural components has also been
investigated experimentally and a simple method for
predicting the onset of permanent buckling has been
developed. Structures loaded under high temperatures
for long periods may gradually deform and finally fail
by creep. Recent contributions on the creep problem
have included data on the creep behavior of structural
elements and the correlation of test results with basic
materials data. In addition, a new analytical method

_has been developed for the creep analysis of structures.

Structures capable of carrying a given load once
or twice may fail if subjected to that load a sufficient
number of times. Such failure is termed fatigue and
constitutes a serious problem. One possible approach
to the problem is to design the structure so that it will
not experience a catastrophic failure when partially
damaged by fatigue or rupture. Methods for esti-
mating the length of a fatigue crack required to pre-
cipitate a sudden failure, for determining the static
strength of structures containing fatigue cracks, and
for proper proportioning of pressurized fuselages to
prevent catastrophic failure have been investigated.
Constant-amplitude fatigue tests of full-scale transport
wings have been completed and a program of spectrum
loading of similar wings is nearing completion.

Adrcraft are designed as much from a stifiness stand-
point as from a strength standpoint. , One means of
predicting the stiffness or deflection of structures has
been shown to be through the use of inexpensive plastic
models. Analytical methods have also been developed
for calculating the static deflections as well as the vi-
bration modes and frequencies for various types of
wing structures.
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Not only must aircraft structures withstand the
heating and loading encountered in flight without fail-
ing or suffering excessive deformations or loss in stiff-
ness, they must also be light in weight. An extra pound
of structure starts a chain reaction in the growth of
aircraft weight. It takes more fuel to carry the extra
structure ; heavier engines to carry the additional fuel;
more structure to carry the heavier engines and on and
on until that single pound of structure has been respon-
sible for as many as 10 to 30 pounds of additional air-
craft weight. The return for dollars spent on research
which increases structural efficiency thereby eliminat-
. ing these weight penalties is indeed high from the
standpoint of both aircraft cost and aircraft capabili-
ties. The problem of structural efficiency has been the
subject of a continuing program of theoretical and ex-
perimental research. Various methods of fuselage and
wing construction have been explored and information
has been obtained on the more efficient use of struec-
tural materials.

Sandwich Construction

Sandwich construction is an excellent example of the
results of man’s attempts to use structural materials

efficiently. It is this same idea which ig used so ex-

tensively in the fabrication of cardboard for boxes and
packaging. In this case the sandwich consists of two
sheets separated by a corrugated core. 'There are many
types of sandwich which have been successfully used

HONEYCOMB CORE TRUSS CORE

TUBE CORE

Four types of sandwich construction considered for aircraft and
missile structures.

WEB CORE

in the construction of aircraft but their use has gen-

erally been limited to lightly loaded, secondary parts

of the structure. Increases in flight speeds and tem-
peratures and in the need for reducing structural
weight, as well as recent developments associated with
the fabrication of sandwiches now make this type of
construction even more promising for airplanes and
missiles. Research aimed at a better understanding of
the structural characteristics of sandwiches has been
conducted and is continuing in order that their many
advantages over other types of construction can be re-
flected in future aircraft.

Probably the most important attribute of a sandwich
lies in its high bending strength and stiffness per unit

weight. Studies have been conducted of airframe com-
ponents made of various materials to assess the relative
structural efficiencies of those made from sandwiches
with those employing other means of construction. In
almost every case sandwich construction proved to be
the most efficient.

Another advantage of sandwich construction is its
resistance to acoustic vibration. Intense sound waves
can vibrate aircraft skins just as they do the diaphragm
of a microphone. Engine and aerodynamic induced
sound waves increase with engine power and flight
speeds respectively. Tests have shown that an aircraft
skin, unless properly supported, can be completely de-
stroyed by such acoustic vibration. The advantage of
sandwich construction over conventional construction
is that it affords more favorable support and, therefore,
can endure more severe acoustic environments.

The most severe structural problems arising from
aerodynamic heating are those associated with thermal
stresses caused by uneven heating. The results of ther-
mal stresses are well known to anyone who has broken
a glass container by dunking it into hot water. Air-
craft structures which are heated unevenly also develop
thermal stresses and may fail. Structures, particu-

larly sandwich structures, can be designed in such a

way that thermal stresses and the effects of such stresses
are minimized. This thermal stress-releaving char-
acteristic of sandwiches will play an important role in
permitting aircraft to fly under conditions where severe
thermal gradients exist in the structure.

The high insulating capacity of sandwiches makes
their use particularly promising for high speed aircraft
where the structure is heated aerodynamically. The
natural insulating qualities of sandwiches can be sup-
plemented by the addition of insulating materials
placed within the cavities or on the interior surface of
the sandwich panel. Sandwich panels of various de-
signs have been tested in laboratory heating facilities
and wind tunnels to determine their insulating ca-
pacity. These panels, even without insulating ma-

terial, were found to be effective in retarding heat flow.

Insulation can at best merely retard the flow of heat.
It cannot stop it. Certain flight environments are such
that the temperature within the interior of an aircraft
cannot be kept below an acceptable limit by insulation
alone. For such environments it is necessary to pro-
vide cooling systems. Sandwiches with their cavities
lend themselves to such systems by providing passages
for the flow of coolant. )

Another advantage of sandwich construction is that
materials of thinner gages can be used. Elevated tem-
peratures resulting from aerodynamic heating during
high speed flight require the use of high temperature
materials such ag steel, titanium, and nickel base alloys.
These materials are heavier than aluminum and, there-
fore, must be used in thinner gages if structural weight
is to be minimized. Although these thin skins would
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buckle if the usual methods of construction were em-
~ ployed, they are afforded adequate support in sand-

wiches. Only recently such thin skins could be fabri-
cated into sandwiches. Progress in welding, and other
methods of attachment, have now made such fabrication
possible. The results obtained from current studies in-
dicate that sandwich type plates provide an effective
means of efficiently utilizing thh-densﬂ:y, heat-resist-
ant materials.

Unfortunately, there is not a single sandwich con-
figuration which will provide optimum values of all of
the above properties. In spite of the progress to date,
additional structures research is needed to guide the

aireraft designer in selecting the sandwich types and .

proportions most suitable for his particular application.

ATRCRAFT LOADS

A few years ago the payload was a large percentage
of ihe total airplane weight, but this ratio, which has
been decreasing gradually, is being drastically reduced
for future airplanes; in fact, for missiles the payload
approaches zero. It therefore has been necessary to de-
termine more closely the environmental conditions un-
der which airplanes operate in order to obtain the light-
est possible structure adequate for the job. Thus items
such as operational statistics on aircraft usage, blast
effects of weapons on aircraft, and better definitions of
turbulence environment have assumed increased im-
portance ; furthermore, knowledge of the detailed dis-
tribution of load over wings, fuselages and tails, has
become increasingly cr1t1ca1 for efficient structura.l
design.

As part of the general program for i 1mprovmg struc-
tural design, statistics of airplane utilization in routine
operations are required. The military services have
contributed to the available statistics on maneuver loads
by fairly wide coverage of flight operations of specific
airplane types by means of relatively simple three-com-
ponent VGH (velocity, acceleration, altitude) instru-
mentation and by more detailed eight-component stud-
ies on selected operational aircraft. The NACA has
contributed by collecting data from one completely in-
trumented airplane of each of several types. Asa result
of these measurements there now exists a better under-
standing of how airplanes are. used; for instance,
enough information on control motions and airplane
response has been analyzed for the various classes of
airplanes that it is apparent pilots do not use all of the
“built-in” capabilities of airplanes. These studies also
provide an understanding of the instrumentation re-
quired and the procedures to be followed in evaluating
a large sample of data. It is, for example, apparent
that careful control of sampling technique must be es-
tablished if exorbitantly large computing facilities for
‘analysis of the data are to be avoided.

Gusts induced by high energy explosions such as
from atomic weapons, which envelop the whole air-

plane, are becoming increasingly important; conse-
quently, experimental studies are being conducted with
specially instrumented models to investigate factors
such as varying the direction from which the blast
wave intercepts the model. Blast intensity is con-
trolled by testing at various distances from the ex-
plosion center and by varying the size of the explosive
charge.

Collection of gust loads data from airplane in
normal commercial operation is continuing and the
methods of analysis are being improved. Because of
the increased importance of gusts that affect the ver-
tical tail loads and the reduction of directional stabil-
ity characteristics at high speed, special emphasis i3
being given to studies of horizontal gust components
on aircraft loads as well as motions in flying through
turbulent air. In these studies airplanes and rocket-
powered test models are being used. The results ob-
tained during the past year have contributed to the gen-
eral knowledge as well as furnished improved meth-
ods of accounting for effects of structural elasticity on
the results. Procedures have been developed for cal-
culating the lateral and longitudinal response of a rigid
airplane to continuous turbulence and a method has
been developed for converting flight test data to any
equivalent wing stiffness for comparison with wind
tunnel data or for converting to the rigid wing con-
dition. Recent results obtained from commercial trans-
ports equipped with airborne radar show a reduction
of the larger gust velocities by about 25 percent. The
radar, however, seemed to have no appreciable effect

on frequency of encountering the smaller repeated
gust loads which affect the futlgue life of the airplane
structure.

Research on ground loads has been directed toward
more accurate determination of the characteristics of
the input forces by accumulating data on runway
roughness, by obtaining statistics on the.]landing con-
tact conditions of airplanes, and by underfaking tests
in which loads were measured in the landing strut
while taxiing over obstacles of various shapes. The
experimental work has been supplemented by analyt-
ical studies of effects of shock strut friction, metering
pin design, and orifice coefficients on the landing gear
responses.

The coefficient of friction of tires as affected by for-
ward speed, condition of yaw, tire pressure, and prero-
tation continues to be of interest particularly because
this information is needed in ‘analytical computations
of loads on landing gears during landing as well as
in ground handling. A number of tests of various
tires at slow speeds and various angles of yaw have
been completed and show that for yawed rolling in a
straight line the téndency for the tire to “go around a
corner” increased with yaw angle, but the tendency
for the tire to turn into a straight path decreased as the
yaw angle increased. -
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The distribution of loads over wings and tails un-
der various flight conditions continues to be particular-
ly important for stubby (low-aspect-ratio) wings, at
transonic speeds. Under these conditions existing
theories are least accurate and the tendency for the
fuselage to blanket the wing, or vice versa, is relative-
ly large. Pressure distribution tests of thin triangular
planform and other stubby swept wings are being con-
ducted to obtain basic information on the division of
load among aircraft components. Effects of warping
the wing surfaces by twist or camber are of particular
interest. Such data will be useful in providing the in-
formation needed for development of analytical meth-
ods encompassing the high subsonic and sonic speed
ranges. Experimental investigation of the loads over
various types of unique control devices, such as wing
spoilers or deflected tips, have been undertaken to sup-
ply a deficiency in the data that exist for control loads
at transonic speeds.

Although much has been accomplished toward de-
veloping rational methods for estimating vertical tail
loads, designers are plagued with tail loads that occur
when rolling at high angular velocities, when the air-
plane is flown near conditions where instability occurs,
or when disturbed flow from the fuselage intersects the
tail. Consequently, tests of specific airplane models
for a range of configurations in sweep, tail height, etc.,
have been undertaken to measure loads. The com-
bined tests cover a range of speeds; angles of attack,
and yaw angles such as would occur in flight. The
information obtained will assist in accounting for these
effects on the tail loads.

Loads over models of specific a.u'pla,n% and missiles
have also been measured for the purpose of supplying
structural design information. While such tests have
not been part of a planned research program, the data
obtained generally yields information which can either
fill in existing gaps or indicate areas where more work
is needed. Flight investigations of flexible aircraft
where many of the variables cannot be controlled have
indicated the need for more accurate methods of data
reduction and data correction so that wind-tunnel and
flight results can be compared on some common basis.

Landing Loads Problems

Typical of many problems confronting the airplane
designer is that of providing landing gear of sufficient
utility with regard to ground handling procedures, of
adequate strength to withstand the initial landing im-
pact and other ground loads, and yet of sufficiently light
weight so as not to penalize the operational efficiency.
In addition the designer must avoid problems that are
associated with oscillatory landing gear behavior.

Perhaps the best known of these oscillatory phenome-
non is shimmy—an oscillation involving rotation of the
gear about a vertical axis so that the track of the wheel
on the ground forms a wavy rather than a straight

line. More recently airplanes have also been subjected
to phenomena that have been designated as “brake
chatter” and “walking” both of which involve a fore
and aft oscillation of the wheel and strut. Brake chat-
ter occurs because of the undesirable friction charac-
teristic of some brake-lining material when subjected
to high bralking forces; in effect the brakes do not
hold uniformly but instead periodically “release” the
wheel and permit it to roll, and thus induce periodic
drag loads that cause the landing gear to shake in-a
fore and aft direction. Although the “walking” phe-
nomenon has the same wheel motion as that of brake
chatter it is quite different and can perhaps be best
illustrated by grasping a lead pencil by the sharpened
end and then trying to push the eraser smoothly along
a table top. The frequency of the oscillation in this
case is primarily a function of the combined flexibility
of the landing gear and the structure to which it is
attached.

Having noted some of the general problems faced
in designing a landing gear, we can look in more detail

to the specific problems of providing data which the

designer needs. For convenience of discussion, the
overall design problem can be divided into smaller units
such as: The initial condition at contact with the
ground, the ground reaction during landing, the loads
encountered during ground maneuvering. problems en-
countered because of special use of airplanes, design-
ing for fatigue, and effects of component behavior.

In order to improve design criteria it has been neces-
sary to devise methods of collecting more accurate sta-
tistical data on descent velocity, airplane altitude, and
rotational and sidedrift velocities. Because these data
are concerned with the approach condition during land-
ing, and are governed largely by unpredictable factors
such as piloting technique, visibility, air gustiness, etec.,
the problem of collecting these data is fundamentally
of a statistical nature.

‘When airplanes were small and landing speeds were
low it was sufficient to design a landing gear and its
supporting structure to sustain merely the vertical im-
pact loads. As airplanes became larger and landing
speed increased,-it became necessary to consider the
large drag force that results when the wheel scrubs on
the runway before coming up to the required rotational
speed. This drag force is now commonly referred to
as the “spin up and spring back load” because the strut
will deflect backward as the wheel first contacts the
runway and then spring forward as the force required to
spin the wheel diminishes. Because of the flexible wing
structure to which gears are attached it has now become
necessary to know in detail how these impact forces are
applied to the landing gear. The two major uncertain-
ties regarding landing gear drag loads are: (1) The
magnitude and variation of loads applied to the land-
ing gear, (2) the dynamic response of the gear, its
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" adjacent attachment structure, and remote structure
such as engine nacelles that are excited by the loads
transmitted through the landing gear. Information is
needed not only on the maximum values of load but
also on the time history of the applied drag load, be-
cause the shape and duration of the time history can
significantly affect the dynamic loads in the gear or
other parts of the airplane structure. Effective prog-
ress has been made toward an understanding of the
wheel spin up and spring back process both by analyt-
ical techniques and by experimental studies wherein
single wheel impacts have been made under controlled
forward and descent velocities.

The problems encountered due to ground maneuver-

ing have also been magnified by faster landing runs

and taxi speeds. Small bumps in the runway can im-
pose large loads when heavy airplanes roll rapidly over
the bumps. Particularly difficult situations arise when
the wing is heavily loaded by engine pods, fuel tanks,
or externally mounted missiles, because the runway
roughness may cause the wing to vibrate through large
amplitudes at its natural frequency. To asgist in solv-
ing the problems encountered in ground handling, the
contour of typical rough and smooth runways have been
measured. Other factors affecting ground handling
loads are side loads generated in turns, loads due to
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under rolling conditions. Progress has been mude to-
ward solving these problems and the Landing Loads
Track is contributing significant results that are ob-
tained under conditions of forward speed.

Landing Loads Track

To assist in providing basic data needed to improve
landing gear design the NACA has recently put into
operation a unique facility, the Landing Loads Track.
The Langley facility consists of a hydraulic jet cata-
pult, a carriage that rolls on a track, an arresting gear
for stopping the carriage, and suitable housing for the
test equipment, carriage, and control room. The track
upon which the carriage rolls is 2,200 feet long with a
30-foot tread and is built to a very close tolerance, devi-
ating not more than 0.003 inch from level nor more
than 0.015 inch in rail spacing. The carriage and test
equipment weighing approximately 50 tons are accele-
rated by a hydraulic jet impinging on a specially
shaped “bucket” at the rear of the carriage so as to
exact a thrust of 200 tons on the carriage. Water is
ejected through a 7-inch diameter nozzle by air under
3,260 pounds per square inch pressure to form the jet
which travels a maximum of 400 feet while accelerat-
ing the carriage to 150 miles per hour. It is interest-
ing that although the energy involved is sufficient to

aovbsymmetrical braking. and. pivebing.or, nerpojsine

bined tests cover a range of speeds; angles of attack,
and yaw angles such as would occur in flight. The
information obtained will assist in accounting for these
effects on the tail loads.

Loads over models of specific a.u'pla,n% and missiles
have also been measured for the purpose of supplying
structural design information. While such tests have
not been part of a planned research program, the data
obtained generally yields information which can either
fill in existing gaps or indicate areas where more work
is needed. Flight investigations of flexible aircraft
where many of the variables cannot be controlled have
indicated the need for more accurate methods of data
reduction and data correction so that wind-tunnel and
flight results can be compared on some common basis.

Landing Loads Problems

Typical of many problems confronting the airplane
designer is that of providing landing gear of sufficient
utility with regard to ground handling procedures, of
adequate strength to withstand the initial landing im-
pact and other ground loads, and yet of sufficiently light
weight so as not to penalize the operational efficiency.
In addition the designer must avoid problems that are
associated with oscillatory landing gear behavior.

Perhaps the best known of these oscillatory phenome-
non is shimmy—an oscillation involving rotation of the
gear about a vertical axis so that the track of the wheel
on the ground forms a wavy rather than a straight

wantelfetr+0ccmus'e"“‘°smﬂ1*‘t&u%{"hﬁ]pﬁmy, tdigdien®®
ing for fatigue, and effects of component behavior.

In order to improve design criteria it has been neces-
sary to devise methods of collecting more accurate sta-
tistical data on descent velocity, airplane altitude, and
rotational and sidedrift velocities. Because these data
are concerned with the approach condition during land-
ing, and are governed largely by unpredictable factors
such as piloting technique, visibility, air gustiness, etec.,
the problem of collecting these data is fundamentally
of a statistical nature.

‘When airplanes were small and landing speeds were
low it was sufficient to design a landing gear and its
supporting structure to sustain merely the vertical im-
pact loads. As airplanes became larger and landing
speed increased,-it became necessary to consider the
large drag force that results when the wheel scrubs on
the runway before coming up to the required rotational
speed. This drag force is now commonly referred to
as the “spin up and spring back load” because the strut
will deflect backward as the wheel first contacts the
runway and then spring forward as the force required to
spin the wheel diminishes. Because of the flexible wing
structure to which gears are attached it has now become
necessary to know in detail how these impact forces are
applied to the landing gear. The two major uncertain-
ties regarding landing gear drag loads are: (1) The
magnitude and variation of loads applied to the land-
ing gear, (2) the dynamic response of the gear, its
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the operating limits of the aircraft. Maintaining this
margin between operating speed and flutter speed is
increasingly difficult in view of the trends toward thin-
ner wings and more slender fuselages which not only
provide the aerodynamic improvements leading to in-
creased performance but the trends themselves com-
plicate the flutter problem. Thus for supersonic fighter
and bomber airplanes and to a lesser degree the jet
transport, the providing of adequate structural stiff-
ness to forestall flutter is becoming more critical than
providing enough strength to sustain the aerodynamic
loads.

Flutter

Because flutter is a complicated phenomena involving
the air forces on a vibrating wing and the elastic and
inertial structural properties which determine its vi-
bration characteristics, the flutter analyst cannot intu-
itively judge the relative importance of the various
parameters. Furthermore, he cannot rely entirely upon
his calculations because of the simplifications and
idealizations inherent in present theoretical approaches.
Accordingly, there exists a need for an experimental
knowledge of the flutter characteristics of wings repre-
sentative of those being considered by designers.

A major part of flutter research consists of deter-

Landing gear mounted on carriage of Landing Loads Track.

mining the susceptibility to flutter of wind tunnel
models which are scaled down versions of full scale
aircraft components. Thus, for example, by testing
a series of wings which constitute a systematic varia-
tion of some parameter such as planform, its effect and
importance is furnished. Several such studies have
been carried out for limited ranges of certain param-
eters. Examples of recent studies of this type were the
flutter tests made of a series of wings of varied plan-
form whose spans were shorter than their chords, a
series of wings with external stores mounted in various
locations, and a series of wings with control surfaces.
The results of such research furnish the designer with
engineering information on configurations which ap-
proximate his design and suggest ways in which the
design can be improved.

In addition to these studies of generalized models nu-
merous studies were made of the flutter characteristics
of models which were accurately scaled to represent
particular military aircraft. Such studies provide a
more accurate estimate of the flutter characteristics of
the full scale airplane than does the theoretical analy-
sis, an important consideration in view of the narrow
margins between maximum speed and flutter speed re-
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quested of the flutter analyst. These studies have pro-
vided designers with information as to the distribution
of the structural weight, stiffness, effectiveness of
dampers, effect of mass and store locations and control
surface parameters for his particular design so that
flutter can be avoided. Im the last 5 years the number
of these projects relating to specific designs has in-
creased from 2 to 12 annually which is convincing evi-
dence of the increased importance which flutter con-
siderations are playing in aircraft design.

Aerodynamic Aspects of Flutter

The aerodynamic forces on a wing during flutter are,
of course, an important part of the flutter problem.
During the 1930’s, mathematical methods of calculat-
ing these oscillatory forces and methods for using them
in the flutter equations were developed. In obtaining
these aerodynamic derivatives it was assumed that the
wing was of infinite span, of zero thickness and that
compressibility effects were nonexistent. Subsequent
modifications of these methods furnished reasonable es-
timates of the aerodynamic forces until airplanes at-
tained transonic and supersonic speeds and wings and
stabilizers of short span came into use. The increasing
critical nature of flutter and the need for narrower mar-
gins have made the inaccuracy in these methods unac-
ceptable. One particular line of research toward im-

proved methods has to do with application of the
kernel function method which will be described in more
detail later.

These earlier theories based on flat plate or zero
thickness considerations indicated the encouraging
prospect that susceptibility to flutter might actually
decrease with increasing speed in the supersonic speed
regime. Recent investigations made at & Mach Num-
ber of 7 shattered this hope when it was found that flat
plate airfoil theory did not agree even approximately
with experiment. When the theory was modified to in-
clude some of the aerodynamic effects of airfoil thick-
ness it was found that the susceptibility of an airfoil
may not decrease with speed. As a consequence an
increased attention is being given to flutter research at
high supersonic speeds.

Experimental studies are also being carried out on
the fundamental aerodynamic forces and moments re-
lating to flutter. In these studies a model is forced to
vibrate in a wind tunnel and the aerodynamie forces
resulting from this vibratory motion are measured. In
the past, these measurements have been limited to so-
called rigid vibratory modes, i. e., pitching and trans-
latory motions of a two-dimensional wing. More re-
cent studies have included measurements of the oscil-

-latory pressures over the surface of rigid wings of fi-
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Photograph showing vibration mode of wing. Sand has been sprinkled on a vibrating wing. The sand concentrates where no
vibrational motion exists, thus defining the node lines.

nite span oscillating in pitch and translation and of
similar wings with an oscillating control surface. It is
hoped to extend these studies to the cases of wings
vibrating in realistic elastic modes. These measure-
ments afford a direct evaluation of the various theo-
retical methods of calculating air forces. Such meas-
urements, especially at high speeds and high vibration
frequencies, represent an extremely difficult task and
successful attainment represents the culmination of
many years effort in developing the unique instrumenta-
tion and experimental techniques required.

Structural Aspects of Flutter

A Eknowledge of the vibratory characteristics of the
aircraft structure, that is, the modes of vibration and
their frequencies, is an essential part of the flutter prob-
lem. The factors important to structural vibration are
the elastic properties of the structure, the distribution
of weights supported by the structure and the weight
of the structure itself. A

The short-span, thin wings coming into use present
o, different problem than that for the long span wings
which could be treated analytically as beams subjected
to bending and twisting. These short-span wings be-
have more like thin plates and exhibit complex vibra-
tion characteristics. Delta shaped wings having a
structure representative of actual airplanes have been

constructed and their elastic and vibration character-
istics determined experimentally. Using these experi-
mental results as the basis for comparison, it was found
that even the most sophisticated existing theoretical
methods had deficiencies. The manner in which these
deficiencies can be reduced by further refinements in
the theory was demonstrated.

While improvements in analytical techniques are
being gained through current research, much reliance
must still be placed on the experimental measurement

- of vibratory modes and frequencies of airplanes and

models. Such experimenta]l work has been aided by
the recent development of the “accelerometer” tech-
nique for determining vibration modes, and the devel-
opment of a device using an air jet which will apply a
vibratory force for a wide range of frequencies.

The aerodynamic heating which accompanies super-
sonic flight adds further complication to the flutter

" problem. Exploratory studies have shown that aero-

dynamic heating can produce a reduction in structural
stiffness and thus greatly increase the liability to flutter.
Kernel Function

The accuracy with which flutter can be predicted
depends largely upon the accuracy of the calculated
aerodynamics. The need for improved accuracy in
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"Test model in high temperature air jet.

flutter engineering thus resolves into a need for more
accurate methods of calculating the aerodynamic forces.
As reported in previous Annual Reports it has been
found possible to mathematically express the relation-
ship of the oscillatory pressure at any point on an air-
foil due to the motion of any other point of the airfoil.
This complicated and highly technical mathematical
relationship is usually referred to as the kernel func-
tion. The computing necessary to apply this kernel
function solution to obtain the aerodynamic derivatives
at subsonic and sonic speeds corresponding to a partic-
ular vibratory motion of a wing represents an extremely
large computing task but one which is within the capa-
bilities of some modern electronic computers.

The .advantage of the kernel function approach is
that it affords a calculation of the detailed pressures
over a vibrating wing having any arbitrary planform.

It applies to wings of short span whose vibration.

modes are representative of thin plates and it takes
into account the effects of compressibility.

In a cooperative project, the Air Force has sponsored
the computation of the mathematicel functions relating
to the kernel function utilizing the large Mark IV com-
puter operated by Harvard University. This tabula-
tion is virtually complete and the voluminous tables

resulting from this computation will be published.

The acquisition by the NACA and many of the air-
craft manufacturers of IBM 704 computers has made
practical elaborate flutter analyses using the kernel
function method to obtain the aerodynamic forces. On
this type of problem this computer will, in less than 15
minutes, furnish a solution which would require several
years by an operator with a desk calculator. A consid-
erable effort has been expended on the development of
a computer programing and coding procedure neces-
sary to such a flutter analysis. For a large and in-
volved computing task such as this, this programing
and coding constitutes an integral and important part
of the analytical solution. The results of this develop-
ment work are being supplied to interested aireraft
manufacturers possessing suitable computers.

‘While the techniques which have been evolved to date
furnish reasonably accurate answers which constitute
a major advance over previous flutter analysis methods,
efforts are being applied to further improvements.

STRUCTURAL MATERIALS

The foremost problem of aircraft structural mate-
rials is the development of materials that can with-
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stand the high temperatures that come with hypersonic
flight and aerodynamic heating. Before the advent of
hypersonic flight, the aircraft designer could get by
with conventional materials, available from suppliers
and adequately characterized in handbooks. These
structural materials were not developed with high tem-
peratures in mind so it is not surprising that their util-
ity in hypersonic aireraft is something less than
optimum.

The structure of future aircraft will run a tempera-
ture gamut from s few hundred degrees for some super-
sonic airplanes to the stagnation temperature of the
ICBM, which will be high enough to vaporize any
lmown material. It obviously would be a rare case
where optimum material for one type aircraft would
be optimum for another. In the future, many more
different types of materials will be required than has
been the case in the past.

At atmospheric temperatures, nearly all of our struc-
tural materials can be considered to be stable, i. e., their
characteristics will vary only slightly with time. Con-
sequently, stability of structural materials with time
has been of relatively little importance. But at the
high temperatures to be encountered by future aircraft,
this stability is lost, and the properties of materials
change with time. This fact has to be taken into ac-
count in the development and selection of materials,
and the effects of time on the properties of materials
has to be known.

Materials properties, such as emissivity, specific heat,
thermal expansion, and thermal conductivity, are of
little or no importance to aircraft operating at atmos-
pheric temperatures. At high temperatures, however,
they become very important for they influence such
things as equilibrium temperature, thermal stress, and
suitability of a material for use as a heat sink; there-
fore, these properties that could be ignored in the past
now must be known and considered in design.

For certain new designs there is the possibility that
our present “on the shelf” materials will be satisfactory
or at least nsable on an interim basis. Their worth
cannot be fully appraised, however, until we know
more about them. The NACA. is gathering some of
the needed data. In addition to conventional tests for
physical properties, short time tests at high tempera-
tures, in which a material is stressed and then heated
at various rates, are being conducted on the more prom-
ising of the available materials. These tests will pro-
vide data that can be applied immediately in the design
of aircraft.
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The emissivity of a material is a very important
property in hypersonic aircraft. This is so because it
has a strong influence on the amount of heat lost at
high temperatures by radiation. At low temperatures,
radiant energy is insignificant, but at high tempera-
tures radiation becomes important, since it varies as a
fourth power of the temperature. In NACA. labora-
tories and under contract research, apparatus has been
developed to measure emissivity. Emissivity data on
materials such as stainless steel, nickel based alloys,
titanium alloys, experimental ceramics and many
others have already been obtained.

High-Temperature Facilities

During reentry into the earth’s atmosphere, the heat
input and stagnation temperature of the ICBM nose
cone will be so high that there has been no test facility
capable of producing even an approximation of the
conditions. The NACA has developed several kinds
of test facilities for research in this range of temper-
atures. High temperature air jets in which air is
heated by passing it through 2 mass of ceramic ma-
terials at very high temperature have recently been
constructed. Temperatures to 4,000° F., speeds to
Mach 4, and stagnation pressures to 1,600 p. s. i. are
possible. To date, about 400 tests of materials have
been made. Efforts are being made to increase the tem-
perature, the air speed, and the sizes of the models
that can be tested in these facilities. For tests at
still higher temperatures the NACA has developed
an air jet, powered and heated by an electric arc. This
facility can produce a supersonic air jet of 12,000° F.
with an ability to produce a heat input to model as high
as 2,200 B. t. u’s per square foot per second. The arc-
image furnace is still another facility for research on
materials at very high temperatures that has been de-
veloped by the NACA. In this facility an arc located
at the focal point of one parabolic mirror is imaged
by another parabolic mirror, and the energy can be
focused at a point, entirely free of extraneous chemi-
cal, electric, or magnetic effects. A material can be
exposed to extreme rates of heat flux at either high or
low pressures in any desired atmosphere.

Research work on structural materials for supersonic
aircraft has been greatly hampered by the lack of test
facilities. This need is fast being satisfied by the use
of facilities such as those mentioned above. In the
future an ever-accelerating rate of progress in research
on structural materials can be expected from these
facilities.
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'OPERATING PROBLEMS

The NACA has conducted research to study those
areas and problems concerning aircraft operations that
exist and those that may have future importance in the
around-the-clock operation of civil and military air-
craft. Solutions to some of these problems have been
sought for many years while some, due to the rapid
advancement in airplane design and performance, have
been given new emphasis. Several aspects of the Air-
craft Noise problem have been receiving intensive re-

search; noise as it affects personnel and noise as it

affects the aircraft. Amnother area that involves con-
tinual research is that of Aeronautical Meteorology.
Aircraft flying at high altitudes, high speeds, and the
desire to operate in all weather conditions has empha-
sized the need for more extensive knowledge of weather
phenomensa and for more accurate predictions of its
variable characteristics wherever aircraft are operated.
Upper regions of the atmosphere must also be probed
to determine its effects on missile operations. Methods
of coping with special meteorological problems, such as
Alrcraft Icing, have also been studied by the NACA
for many years. This research has resulted in the ac-
complishment of satisfactory methods for minimizing
the hazardous effects of icing on aircraft operations.
With the attainment of satisfactory solutions to the
principal icing problems, research in this field has been
deemphasized and only special problems are being
studied. Aircraft safety is an area of NACA. research
which covers many aspects of aircraft operations.
Problems associated with the techniques of aireraft con-
trol for all phases of operation, measurement of air-
speed 'and altitude which the pilot needs for safe
operation, alleviation of atmospheric effects that may
endanger normal flicht, devices to insure successful
pilot escape during emergencies, appraisal of equip-
ment reliability, prevention of fires following aircraft
crashes, and the loads associated with human survival
and crash-load design criteria are some that have re-
ceived research attention by the NACA during the
past year.

To assist the NACA in formulating activities on
those operational problems requiring research, the fol-
lowing technical committees, which. are made up of
members from all phases of the aircraft industry, help
to outline the research required to solve problems perti-
nent to military and civil aircraft operations: Commit-
tee on Operating Problems, Subcommittee on Flight
Safety, Subcommittee on Aircraft Noise, Subcommittes
on Icing Problems and Subcommittee on Meteorologi-
cal Problems.

‘ FLIGHT SAFETY
Approach and Landing Operations
Accident statistics indicate that two-thirds of the
major accidents occur during landing and takeoff op-

erations. High landing approach speeds may result in
overshooting the runway, while subminimum appr oach
speeds may Tesult in undershooting the runway, both of -
which can and do result in major aireraft damage, in-
juries, and fatalities. As part of the NACA. research
program, s comprehensive study has been conducted on
42 fighter-type aircraft to determine those factors
which influence the pilot’s choice of approach speed.
Flight and simulator studies were conducted utilizing
lift-drag characteristics, longitudinal stability charac-
teristics, and engine response characteristics. Impor-
tant factors influencing the choice of approach speed
were isolated and examined in detail. Simple criteria
for predicting approach speeds within a given toler-
ance are presented in the published report on.this study.
Other data obtained from this study afford a basis for
a description of the factors that influence the pilot’s de-
termination of approach speed as well as flight meas-
urements of engine responses-to throttle movement.

The comprehensive studies just described point to the
importance of precise glide-path control during the
landing approach. For propeller driven aircraft, pre-
cise glide-path control is usually accomplished by pilot
adjustment of the throttle. However, for jet aireraft,
airplane response to throttle manipulation is not nearly
as rapid as in the case of the propeller’driven airplane.
The NACA, therefore, initiated a study to apply the
principles of jet thrust reversal as a means of modulat-
ing the thrust during the landing approach. It is felt
that the successful application of this principle will
provide the pilot with a positive means of controlling
the aircraft during the landing approach such that a
precise glide path will be more readily attained. A
thrust modulator has been constructed and installed
on' a fighter-type aircraft. Ground and flight test
evaluations to date have indicated no serious problems.
Comprehensive flight tests are being conducted to ex-
plore the usefulness of this device during the landing
phase of flight.

‘Once an aircraft has touched down on the runway
during a landing, airplane handling technique and
braking effectiveness become of major importance, par-

ticularly on runway surfaces covered with ice, snow, or

water. An analytical study has recently been conducted
to determine the effect of different airplane attitudes
on the distance along the runway required to come to a
stop. Comparisons were made between the techniques
of keeping the nose-wheel off the runway and the tech-
nique of keeping the nose-wheel on the runway for
several types of jet fighter airplanes and a transport-
type airplane. Effects of factors such as speed, brak-
ing effectiveness,residual thrust, and instantaneous flap
retraction are discussed in the published report on this
study.
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Three-quarter rear view of experimental thrust reverser.

Braking effectiveness has been mentioned as most im-
portant during the landing roll, and although character-
istics of the mechanical brakes are well documented,
the prediction of stopping ability depends largely on
the knowledge of the friction created between the air-
plane tire and the runway surface. On this particular
point, reliable information with respect to braking
friction generated during aircraft landings has been
almost nonexistent for various reasons; namely, the
large variability of the runway surface smoothness, the
many different types of runway surfaces, the modifica-
tion of surface conditions due to inclement weather,
the differences in tire design, and the difficulty in pro-
viding instrumentation to measure tire to surface fric-
tion values. A flight and ground investigation is being
conducted by the NACA. to obtain information on the
breaking coeficients available on various runway sur-
faces for use in determining the landing operation
limitations of ‘airplanes. The investigation includes
development of a towed vehicle suitable for the meas-
urement of runway braking coefficient characteristics
for the advice of incoming traffic. To date, a towed
vehicle called the NACA. friction cart has been devel-
oped, and braking coefficient measurements on a va-

riety of runway surfaces under various conditions have
been made with both the friction cart and an airplane
in an effort to correlate the cart and airplane measure-
ments. The tests included both concrete and macadam
runways in the dry and wet condition and also snow
and ice surfaces. Braking coefficient values have been
evaluated from some of the tests. With the airplane,
mean braking coefficients varying from 0.2 to 0.6, de-
pending on the amount of rain, were found to exist on
wet surfaces; a mean value about 0.4 on snow; and a
mean value about 0.2 on ice. Values obtained with the
friction cart were in general agreement with the air-
plane results. Further tests are being planned with
the NACA friction cart to study the effects of water
depth, forward speed, and tire pressure on the braking
coefficient available on wet surfaces.

Another method used in stopping aircraft in ad-
dition to wheel brakes is that of aerodynamic brakes.
For jet airplanes, this is accomplished by reversing
the direction of the jet at the tail of the engine such
that the thrust normally used to push the airplane
forward is used to slow the aircraft down. The NACA
bas investigated the characteristics of two types of full-
scale thrust reversers on airplanes during both static
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and taxi tests. The magnitudes of the problems of the
heating of the airplane structure in the vicinity

of the reversed jet and the reingestion of the exhaust

gases in the engine inlet are discussed in the published
report on this subject.

Takeoff Operations ,

The ability of the pllot to recognize qulckly any ap-
preciable deficiency in au'plane acceleration during
takeoff is becoming increasingly important as per-
formance during takeoff becomes more critical. The
use of high wing loadings and wings with lower maxi-
mum-lift capabilities, particularly on the newer jet air-
planes, has resulted in smaller takeoff performance
margins on existing runways. Crashes have occurred
during takeoff because of the pilot’s apparent inability
to recognize the fact that the airplane performance was
less than that predicted by the use of avdilable meteoro-
logical data and takeoff charts. Losses in airplane
takeoff performance can occur from a loss in thrust, an
increase in rolling or aerodynamic resistance, or me-
teorological conditions different from those used in the
takeoff calculations. An instrument to aid the pilot in
detecting malfunction of the airplane during takeoff
has been proposed by the NACA. An evaluation has
been made of a prototype instrument designed to give
an immediate indication of loss in airplane accelera-
tion at any time during takeoff when the pilot still
has a choice of continuing or stopping. Flight tests
of this instrument have revealed that some undesirable,
but satisfactory, frequency oscillation in the instru-
ment indicator needle existed due to airplane response
to runway roughness. However, the indication re-
mained essentially constant throughout the takeoff.
Response of the indication to simulated partial power
loss was immediate and the indication was consistent
for given power settings in different takeoffs. Com-
plete details of the instrument principles and operation
have been pubhshed

Airspeed and Altitude Measurements

Continual need has existed for an accurate method
of measuring altitude and airspeed. These two quan-
tities are essential to accurate flight navigation as well
as terrain clearance and aircraft separation required
to reduce the hazard of aircraft collision. One of the
most widely used methods for measurement of air-
speed and altitude involves a measurement of two types
of pressure known as total head pressure and static
pressure.

In the measurement of altitude by the pressure meth-
od, numerous types of errors exist. Many of these er-
rors are relatively small and are associated with the
instrument itself, but one of the most important errors
is concerned with the location of the static orifice on the
aircraft which senses the static pressure. In an effort
to summarize the errors involved in the measurement

of static pressure, the NACA. has summarized the er-
rors associated with various design features of static
pressure tubes. Errors' due to the position of the
static pressure tube are also given for various locations
on and around the airplane. An appraisal of the more
satisfactory locations is given for various aireraft con-
figurations, attitudes and speeds and of the methods of
calibrating static pressure installations in flight.

A study has also been conducted to determine the
effects of high-speed dives or climbs, particularly at
supersonic speeds where shock and expansion waves
can affect the measurement of static pressure since air
flows out of or into the static pressure orifices under
these conditions. Tests made at supersonic speeds and
over a range of airplane attitudes have indicated that
errors in static pressure would be enough to result in
a Mach number error that is not mmgmﬁcant

The errors in the measurement of altitude increase
with both airplane speed and altitude. However, this
does not mean that high-speed, hlgh-altltude flight is
the most critical aspect of the altitude measuring prob-
lem, since the measurement of altitude during the
landing approach can also present a difficult problem.
Errors which can be tolerated near the ground are much
smaller than those that can be tolerated at high alti-
tudes. Many agencies and organizations have studied
the problem of measuring pressure altitude of aircraft.
In an effort to gather all available information on this
subject, a study has been made which summarizes the
errors involved in pressure altimeter systems that arise
from the design of the measuring systemn itself, from
the operation of the system, and from the variations in
atmospheric pressure. Available information on the
magnitude of the errors in each of these categories is
given as well as an indication of the means by which
some of the errors can be reduced. Calculations are
also presented of the overall accuracy of pressure alti-
tude as measured in a single aircraft and the overall
errors of two aircraft in an effort to show the minimum
vertical separation which can be tolerated with present
instrumentation and operating practices.

Pilot Escape

During aircraft operations it is sometimes necessary .
in emergencies for the pilot and crew to leave the air-
craft in flight. At low speeds this is readily accom-
plished by the pilot merely climbing out of the cockpit
and throwing himself clear of the airplane prior to
using the parachute. In high-speed flight, however,
the wind forces are so great that the pilot must be
mechanically ejected from the aircraft. Usually thisis
accomplished through the use of an explosive charge to
insure that he does not strike any part of the aircraft
structure during his egress. Exiting systems of pilot
ejection in present day aircraft have not been entirely
satisfactory because of the air forces and the resultant
tumbling that is a direct result of placing an irregularly
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shaped configuration such as a pilot-seat combination
into a high-speed airstream. As an interim solution to
this ejection problem, the NACA. has been conducting
wind tunnel] tests at high speed in an effort to determine
modifications which, if applied to existing ejection seats,
would reduce the deceleration forces as well as provide
stability and thus prevent tumbling. In this manner,
adverse effects on the pilot may be reduced so that he
can be successfully separated from the seat and descend
to the ground without incident. General modifications
have been investigated for two types of ejection systems.
These consist of airstream deflectors which have been
found to afford satisfactory stability during an ejec-
tion and reduce wind blast pressure on the pilot.

Crash Fire Research

The fire that often follows an airplane crash has been
shown to be an important factor in the survival of the
aireraft occupants. This is particularly true in types
‘of crashes such as during landing and takeoff opera-
tions when the crash forces are relatively low and there
is o good chance of survival if fire does not occur. The
NACA has previously reported on its initial full-scale
aircraft crash investigations aimed at determining the
mechanism of the initiation of crash fires. The results
of this study which have provided a means for inerting
power plants, thereby reducing the likelihood of fire
following a crash. The study also included the mag-
nitudes and time histories of crash loads that occur
during the deceleration of the crashed airplane.

The previously reported results on the crash-fire in-
erting system for both reciprocating and jet engine
aircraft have been extended to more powerful turbojet
and turbine-propeller type engines which are currently
being used in military operations and which soon will
be used in civil transport operations. The purpose of
these current studies is to determine if there are any sig-
nificant obstacles in the application of the successfully
demonstrated crash-fire inerting principles to more
powerful engines. Some effort is also being given to
combining the crash-fire inerting system and the flight-
fire inerting system so that a common extinguishing
agent can be used for combating both of these hazards.

During this general crash fire program Ikmowledge
was gained as to the many ignition sources around a
crashed airplane that are available to ignite spilled
combustibles. Ong of the ignition sources which is not
suppressed by the crash fire inerting system is that of
friction sparks which may be generated during the
scraping of aireraft metal along a runway or stony
surface during an airplane crash. The friction spark
ignition hazard was investigated by dragging samples
of aircraft metals that are commonly used in aircraft
construction along both concrete and asphalt runways.
Steel, aluminum, titanium, and magnesium samples
were tested under varying conditions’ of dragging

speeds and bearing pressures in the presence of a com-
bustible mixture to determine if ignition could occur.
Although no ignition was obtained with aluminum, ig-
nition did occur with all the other metals. Titanium
proved to be the most hazardous metal while magne-
siuin was the next most hazardous and steel the least
hazardous of those metals that caused ignition. It has
been, concluded that such metals should not be used in
aircraft construction in areas where they are likely to
scrape along a runway surface during a crash or belly
landing.

Another aspect of fighting crash and flight fires is
that of providing the most effective agents that can be
produced to quickly put out any fire that may start.
In the past few years, halogenated fire-fichting agents
which act through a chemical reaction process have
proven to be fairly effective in fighting fires. These
agents, however, have normally been used in liquid
form and therefore are rather readily dispersed
under conditions of airflow which normally exist in
aircraft. A study was therefore sponsored at Syracuse
University by the NACA. to determine if some of the
promising halogenated agents ¢ould be adsorbed by
powder particles such that when these particles were
dispensed in powder form in the area of a fire they
would, in the presence of heat, desorb or release their
fire-fighting chemical properties. This basic research
study has provided results as to the adsorption and
desorption rates of various fine powders containing

. halogenated methanes. Some limited data has been ob-

tained with respect to the fire- -fighting characteristics
of these halogenated powders.

Crash Survival Research

As previously noted the NACA. full-scale crash fire
program afforded an opportunity to measure the de-
celeration forces that existed on the seat and seat
occupants during typical crashes with both transport
and military fighter-type aircraft. The analyses of
the time histories and magnitudes of these decelera-
tions have afforded a basis for determmmg whether
the human tolerance to deceleration in the horizontal,
vertical, and lateral directions are exceeded for
the types of crashes and airplanes studied. It was
found that, except for the more severe impact type of
accident, the human tolerances to deceleration may be
within survivable limits. These data also provided a
basis for proposed design criteria and methods for ab-
sorbing crash impact deceleration such that the forces
felt by the occupant were reduced below those which
would normally be experienced. A method is pre-
sented for determining the seat strength, spring stiff-
ness and deformation beyond the elastic limit to accom-
plish this reduction in impact forces felt by the
occupant. These data are expected to be of interest to
designers seeking means of providing aircraft seats
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Crash impact of military aircraft.

that can be expected to retain their strength character-
isties without failure during aircraft crash circum-
stances.

Aircraft Ditching

The day to day operation of aircraft is sometimes in-
terruptéd by an emergency which may cause an un-
scheduled landing on water, referred to as a ditching
action. For many years the NACA has conducted
ditching investigations using dynamic scale models of
conventional aircraft which are launched from a
monorail carriage into a tank of water. Information
was obtained to help not only aircraft designers but
also operations personnel concerned with training
crews for over-water flight.

In anticipation of the introduction of turbOJ et swept-
wing transport aircraft with different engine installa-
tions, more recent investigations have been undertaken
to determine the best ditching procedure and the prob-
able ditching behavior in calm and rough water.
Various conditions of fuselage damage, landing atti-
tude and speed have been studied and data obtained
from visual observations, instrument records and mo-

-

tion pictures, which have been analyzed to determine
results applicable to full-scale aircraft. The use of a
ditching aid, such as a hydroski attached to the fuselage
bottom, has been investigated to determine its effect on
the model’s ditching characteristics.

The results of some of the NACA tests indicate that
a low-wing turbojet transport should be ditched at a
nose-high attitude with the landing flaps down, and
that the various engine installations made no great
difference in the overall ditching performance. In
some cases, depending upon the configuration, engine
nacelles would probably be torn away and the fuselage
bottom damaged enough to cause rapid flooding by the
water.

In tests with one hydroski attached, very little or no
damage was sustained by the fuselage bottom when
the ditching was accomplished under the proper in-
stallation and approach conditions. The maximum
normal acceleration without hydroski was ubout twice
as great as with hydroski installed.

At the request of the military services, seveml in-
vestigations have been undertaken to determine the
ditching characteristics of fighter-type aircraft of var-
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ious configurations. In such tests, information was
also obtained wherein the ditching behavior was noted
for the conditions of landing gear ‘extended and
retracted.

T”*r’

i

Ditching tests of jet transport model. - Tank No. 2 monorail.

Gust Alleviation

Alreraft operations in severe or even moderate tur-
bulence for long periods of time require that the pilot
devote constant attention to maintaining level flight.
This can cause the pilot to become fatigued. The
possibility of pilot error is more prevalent if a pilot is
fatigued. Atmospheric turbulence, in. addition, de-
mands that design requirements be such that the air-
plane can cope with the loads imposed on the structure
under such conditions. In civil aircraft operations the
rough air also sets up undesirable aircraft motions
and adversely affects passenger comfort. For these
and other reasons, the NACA has been for some
years studying turbulence in the atmosphere and relat-
ing these data not only to aircraft structural design
criteria but also to the aircraft response characteristics
so that the pilot’s job of flying in rough air can be eased
and passenger comfort improved. The NACA has
not been satisfied to learn of the nature of these
atmospheric effects on aircraft operations but has felt
it desirable to find ways and means of alleviating the
aireraft motions caused by turbulence in the atmos-
phere as well as additional motions that may be inad-
vertently applied by the pilot in controlling the air-
plane when flying in turbulent air. One of the various
means that is being studied by the NACA to alleviate
undesirable airplane motions imposed by rough air has
been an experimental and analytical investigation to
determine the effects of auto-pilot control, rather than
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human pilot control. This study will provide infor-
mation on the longitudinal response of the airplane for
various settings of the automatic pilot. The objective
of this program is to determine whether the motions
experienced by the airplane by use of the automatic

* pilot can be reduced below those normally experienced.

Angther system designed to alleviate the normal
accelerations due to rough air and thus improve the
smoothness of flight in rough air is undergoing flight
tests in a small transport-type airplane. In this sys-
tem, the rough air is sensed by an instrument mounted
on a boom ahead of the nose of the airplane and/or by
a sensing instrument at the airplane’s center of gravity.
This sensing signal operates wing flaps such that they
cause the airplane to have less response or motion re-
sulting from the rough air. A portion of the elevator
is also automatically operated in order to reduce the
effects of flap deflection. Flight tests are being con-
ducted to determine the optimum settings for the alle-
viation control. Initial results from flight tests indi-
cate that approximately 50 percent alleviation is
achieved. Structural loads are reduced in wing bend-
ing but wing shear and tail bending and shear loads
are somewhat increased. More recent results indicate
improved alleviation through the use of a small-span
inboard flap. In addition to the results that have been
obtained and published, additional information is
being gained from flight tests which are being made
to determine the airplane response to acceleration con-
trol and the alleviator gearings required to reduce
structural loads.

* Another means of providing gust alleviation that has
been studied by the NACA is that afforded by the use
of deflectors and spoilers to modify the lift character-
istics such that the airplane will have smaller response
and thus smoother flight in rough air. Published re-
sults of investigations made of this device indicate that
spoiler-deflector types of controls can be designed to
provide considerable gust alleviation for a swept-wing
airplane. These aerodynamic controls also will aid in
slowing down airplanes in rough air. One disadvan-
tage, however, is that these controls tend to magnify
the longitudinal stability problems encountered by
swept-wing aircraft.

Engine Reliability

The desirability of having operating engines that
have a long life without failure has importance to the
safety of flight. Engines that must be prematurely re-
moved from service have serious effects on the opera-
tional capability of both military and ecivil aircraft.
In addition this results in requiring manpower and
money to put the airplane back in service. Perhaps
of even greater importance is the failure that occurs in
flight which may result in a costly airplane accident.
The NACA. is studying jet engine reliability in order to
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obtain an insight into the effects of operational proce-
dure, manufacture and assembly methods and overhaul
practices on service life. One of the important factors
affecting jet engine reliability is compressor blade fail-
ure due to vibration. Methods are being studied to re-

duce these vibrations so that blade failures can be '

reduced and the frequency of removal of engines for
repair reduced. The service life of engines can also be
seriously affected by damage due to foreign objects that
are sucked into the engine mlet An investigation has
been undertaken by the NACA to determine when
blades have been damaged seriously enough to cause
premature failure. As a result of this study, a method
has been devised to predict the life of a compressor
blade which has been nicked by a foreign object. This
method shows promise on the basis of the results that
have been obtained to date.

AERONAUTICAL METEOROLOGY

In the design and operation of aircraft and missiles,
the primary weather problem is to the variability of
such meteorological elements as gusts, wind, tempera-
ture, humidity, pressure and all types of precipitation
including ice. Generally, the manufacturer desires
data on average and extreme values of weather condi-
tions; whereas the aircraft operator is concerned with
timely observations and with accurate short and long
period forecasts; both are of course concerned with the
effects of weather on the flight vehicle. With the
newer, high performance aircraft, the requirement for
more accurate weather information is complicated by
both the shorter time available for decision and by the
scarcity of basic meteorological information in many
areas.

For many years, the NACA has studied several
phases of two aeronautical meteorological problems,
namely, turbulence and icing; other problems of the
atmosphere have been investigated on a smaller scale.
Such research information has been sought to help
achieve the ideal of safe and efficient all-weather ﬂight.
Atmospheric Turbulence

When aircraft ﬂy in regions of rough or bumpy air,
the usual practice is to reduce flight speed or change
course in order to lessen the gust loads on the structure
and thus increase passenger comfort. In extreme cases,
such as thunderstorms, the safety of the aircraft may
be seriously threatened by strong drafts or gusts.

For many years the NACA has been investigating the
gust problem from both the experimental and analyti-
cal approaches. Specially instrumented airplanes have
been flown into turbulent areas to measure the response
of the structure to the gusts. From the data the velocity
of the gusts can be calculated. To obtain data on the
extent, frequency, and severity of gusts over wide areas,

a recording instrument was developed for use on com-
merical aircraft during their routine flights.

Theoretical calculations to determine the reactions
of an airplane to a single gust or a series of gusts have
also been made in order that a comparison might be
made with experimental data. During the design
stages of airplane construction a theoretical solution to
the gust problem which would accurately portray the
aircraft’s response in actual turbulence would b2 most
valuable.

-Of particular interest has been the investigation of
the effect of using airline weather radar in the amount
of turbulence encountered during scheduled airline
operations. The results to date indicate that the mag-
nitudes of the largest gust velocities and gust accelera-
tion for a given number of flight miles during operations
with airline radar were approximately 25 percent less
than those experienced before the radar equipment was
installed.

High-Altitude Turbulence

With the cooperation of the Air Weather Service,
an investigation has been undertaken to determine the
intensity and amount of atmospheric turbulence at an
altitude of approximately 50,000 feet for various geo-
graphical locations and in various seasons of the year.
Using specially developed aircraft (see photo), data
have been obtained over England and Western ILurope
and the western part of the United States. Data col-
lection has recently been initiated to cover two addi-
tional areas, namely, Japan and Turkey. The im-
portance of such high-altitude turbulence information
will be in the determination of design gust loads for mis-
siles and aireraft which must operate through or at the
higher altitudes.

In other cooperative efforts with the military serv-
ices, NACA gust instrumentation has been placed in
aircraft which are flying in areas associated with the
jet stream, a narrow band of strong winds usually at
altitudes of 85,000 to 40,000 feet during the winter in
the United States. Analysis of the limited data so far
obtained indicates that atmospheric turbulence may be
found in certain regions near the jet stream. The gust
information is useful to meteorological researchers at-
tempting to formulate improved methods of forecasting.

In connection with the National Hurricane Project,
NACA gust instruments are being flown in Navy and
‘Weather Bureau aircraft to obtain data on the inten-
sity, and frequency of occurrence of gusts within hurri-
canes. Some data have been obtained which show that
gust velocities of less than 30 feet per second were en-
countered four times as frequently as in routine long-

. haul commercial aircraft operations.

The Icing Cloud
To provide the most effective icing protection sys-
tems for aircraft, detailed and statistical information

N
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U-2 airplane used by NACA for gust-meteorological studies at high altitude.

is required on the characteristics of icing clouds. Such
information can only bs obtained by basic measure-
ments and observations. In this connection,the NACA
has conducted investigations to develop more accurate
instrumentation to measure liquid-water content and
water-droplet sizes of supercooled clouds both in flight
and in icing tunnels. At the same time, routine data
on icing encounters by military and commercial air-
craft equipped with special NACA. icing meters have
been collected for analysis. ’

In order to determine whether differences in liquid-
water content values measured by different instruments
were real or due to instrumental errors, a flight evalua-
tion was conducted in icing conditions. The instru-
ments were mounted in close proximity to each other
to minimize airplane and cloud effects on the data
recorded. The results of a partial analysis of the data
show good agreement was obtained between the liquid-
water-content measurements obtained with a multi-
cylinder instrument and a pressure-type icing-rate
meter. Water-content measurements were also ob-

tained with a new droplet-collecting instrument which-

gave values averaging slightly higher than those for
the other two instruments. Droplet size measurements
obtained with multicylinders and the newly developed
instrument agreed reasonably well. '

In a recent Navy flight test program to evaluate the
capability of an airship to remain on station during
freezing rain, snow or icing conditions, NACA co-
operated to the extent of furnishing advice and icing
instrumentation. A preliminary study of the airship
icing problem indicated that accumulations of ice or

snow on the large top surface area of the bag could
produce a serious weight problem extending beyond
the lifting capacity of the airship. The primary prob-
lem of ice loads created from conditions of freezing
rain was analyzed on the basis of droplet paths, heat-
ing calculations, and temperatures and rainfall rates
typical of freezing rain conditions.

Extensive icing-cloud data on the extent, frequency,
and severity of icing conditions experienced during
scheduled flights over worldwide air routes have been
obtained using NACA. recording instrumentation in-
stalled in transport, bomber, and fighter-type aircraft
through the cooperation of several major airlines and
the United States Air Force. In one program, data
were recelved over a 5-year period from 3,100 icing
encounters experienced by several types of aircraft
while flying over air routes in the United States and
the Atlantic and Pacific areas at altitudes under 20,000
feet. About 90 percent of the icing conditions were
less than 120 miles in horizontal extent and less than
4,500 feet in vertical thickness. ILiquid-water contents
of the icing clouds exceeded 1.0 gram per cubic meter
only 7 minutes of every 100 minutes of flight in the
icing conditions.

In another program, a statistical study was made of
thousands of inflight observations reported from
weather reconnaissance aircraft flown by the United
States "Air Force over areas of the Atlantic, Pacific,
and Arctic Oceans. The probabilities of icing
their relation to the frequencies of flight in clouds and
were derived: for the several ocean areas at altitude
levels of 10,000 and 18,000 feet. 'The relative fre-
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quency of icing varied widely throughout the year
from near zero in cold Arctic areas in winter up to
7 percent in areas of greater cloudiness-and warm tem-
peratures. The data revealed a general tendency for
colder cloud temperatures to reduce the probability of
icing in equally cloudy conditions.

AIRCRAFT ICING

Alireraft and missiles entering clouds having tem-
peratures at or below freezing can expect to encoun-
ter icing conditions which are potentially dangerous,
especially at the lower flight speeds associated with
takeoff, landing or holding. Ice accumulation on air-
frame surfaces and powerplant components may lead
to performance deterioration, control inefficiency or
engine failure unless some icing-protection equipment
is provided. The design of such equipment requires a
knowledge of how fast and where the supercool water
droplets strike the aircraft and of the heating charac-
teristics of the components requiring protection.

For current airveraft configurations and operations,
the ice-protection systems based upon past research and
development investigations are adequate. Howerver, for
new aircraft shapes and engines, further experimental
and analytical icing research is indicated in some cases.
Accordingly, laboratory studies during the past year
have been concerned primarily with icing-protection
requirements for bodies of revolution which approxi-
mate nose radomes, external fuel tanks and spinners
for turboprop engines, aerodynamic penalties (lift, drag
and pitching moment changes)-associated with icing of
a thin airfoil section and evaluation of several other
aireraft components.

Water Droplet Impingement and Icing Protection

The development of an experimental technique to
indicate the areas exposed-to the cloud droplets and
a method of determining water droplet-size-distribution
have made it possible to determine more readily the
droplet impingement characteristics of arbitrary bodies.
Several two-dimensional airfoils were studied over a
typical range of flight and meteorological conditions in
the Lewis Flight Propulsion Laboratory icing tunnel
using this technique (see photograph). The results
generally showed good agreement between the theoreti-
cal and the experimental impingement data and thus
pointed out the regions where icing protection is re-
quired. An egg-shaped body and a coned body were
also investigated both in dry air and in tunnel icing
conditions as part of the general study. Heating data,
droplet impingement characteristics and icing protec-
tion requirements were determined for several attitudes
both with and without rotation of the body. -

In evaluating the mission capability of a high-speed,
high-altitude jet aircraft which is to be flown in all
types of weather, its performance in icing conditions
must be determined. Since it is difficult tp build an air-

plane and then attempt flight tests in actual icing cun-
ditions to find which aircraft parts need protection,
tunnel tests become very useful in gathering such in-
formation during aircraft design and construction
stages. Accordingly, o full-scale unheated, supersonic

. nose inlet of a jet engine was tested in the Lewis Lab-

oratory icing tunmel to determine the effects of ice
accumulations on the flow of air through a portion of
the engine. Data on the rate and aren of water-
droplet impingement on parts of the engine housing
were obtained to show where some protection might
be needed to prevent or remove ice formations.

Auxiliary inlets or air scoops mounted on an air-
plane are susceptible to blockage by ice and snow with
consequent losses in performance and possible malfunc-
tion. To study one phase of this problem, a full-scale
air-inlet in a section of a vertical tail-fin was subjected
to tunnel icing conditions. The internal walls of this
inlet were electrically heated to provide protection.
Analysis of the data taken over a range of icing con-
ditions indicated that, except for the extremely severe
conditions which actually occur very rarely in nature,
the inlet operated satisfactorily without the application
of heat. The inlet lips, however, did require heat in
cases where the ice formations tended to block the
inlet opening.

Penalties Due to Icing

On higher-speed aircraft, increasing use has been
made of thin airfoil sections for more efficient flight.
A recent icing tunnel study was thus undertaken to
determine the effects of ice formations on a thin airfoil
with and without operation of an electric cyclic de-
icing system. The results show that in some condi-
tions ice formations increase the drag and reduce 1ift
and diving moment thus hindering airplane perform-

.ance; in other cases these aerodynamic characteristics

may be either increased or decreased depending upon
the shape of the ice formation. Data from the heating
tests indicated very good de-icing performance and
efficiencies at the higher power densities employed in
the tests.

AIRCRAFT NOISE .

The noises produced by aircraft and missile power-
plants have reached such high levels that the orderly
development of aviation is being impeded. The noise is
objectionable to those living near airports, can be physi-
cally damaging to personnel near the noise source, and,
as noise is a fluctuating pressure wave, can damage the
structure, equipment, and control systems of the en-
gine and the vehicle.

As the power produced by jet and rocket engines in- |
creases, we know that the noise levels will also increase
unless methods are discovered with which to control
the noise. The NACA has underway a three-way re-
search program aimed at alleviating aircraft noise
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Model mounted in tunnel for icing studies.
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problems. One part is a basic study of the amount of
noise and the ways in which it is produced by aircraft
and missiles and their powerplants. Another part is
aimed at reducing the amount of noise being produced,
and the third part concerns research on aireraft struc-
tures and equipment able to withstand the noise pres-
sure.

Jet and rocket engines operating on the ground and
during takeoff produce about the loudest nonexplosive
noises known to man. Research has demonstrated that
this noise is caused by the mixing of the high speed
exhaust gas with the surrounding air, and that the
amount of noise can be related to the area of the jet
and the velocity of the jet. The noise fields around
various operating turbojet and rocket engines have been
mapped at distances from a few feet to several hundred
feet from the engines.

The NACA. is continuing its basic research on the
manner in which this noise is produced, since an under-
standing of the mechanisms of noise production is re-
quired in order to properly estimate the noise fields for

new jets, as well as to show the way toward reducing
the noise at its source. Correlations have been obtained
between the turbulence in the jet exhaust for nozzles of
various shapes and the noise field, and a method has
been devised to estimate noise from the turbulence pat-
tern in a flow. ~

In order to reduce the noise produced by the mixing
of the jet with air outside the tailpipe exit, the NACA
has been investigating methods of altering this mixing
process so as to reduce the noise. A large number of
tailpipes of various shapes such as shown in the photo-
graph have been tested, as well as such other shapes as
long narrow slots such as might be used with a jet flap.
These suppressors have been tested on full-size jet en-
gines under stationary conditions in an open field and
chose showing best noise suppression characteristics
have been tested in wind tunnels where flight opera-
tions were simulated, and the aerodynamic perform-
ance of the nozzles determined. While considerable
success has been achieved with various suppressor de-
vices for ground operation, work is still progressing

Experimental jet engine noise suppressor.
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toward developing suppressors for flight operations
that have satisfactory noise characteristics without im-
posing excessive penalties on the performance of the
aircraft. Similar work is being done with model jets
with a view toward correlating model and full-scale
data so that as much future research as possible can be
done on small model jets.

The strong shock waves encountered in supersonic
flows such as those of a rocket exhaust produce ex-
tremely loud sound waves at certain frequencies, and
other nozzles are being developed which reduce these
shocks and their noise.

The air flowing over an aircraft flying at high speeds
is another source which produces a considerable amount
of noise. The magnitnde and nature of this aerody-
namic noise is being studied in subsonic and super-
sonic flight tests with aircraft such as the F-94, B—47,
and research airplanes, as well as in wind tunnel tests
by the NACA and by the California Institute of Tech-
nology under an NACA research contract. The effects
of a sonic boom produced by an aircraft flying at
supersonic speeds near another aircraft has been
investigated.

The effect of propeller blade shape on the noise field
produced by subsonic propellers has been. investigated
with & view toward determining the best shape for
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minimum noise. A. theoretical method has been estab-
lished for estimating the noise field around a propeller
in subsonic flight for various blade loading conditions.
Experiments have been conducted on the noise char-
acteristics of supersonic propellers. The shock fields
created by these propellers produce very loud noises
which are a major handicap to the use of such propel-
lers for high-speed aircraft. However, static tests
have been made of supersonic type propellers in which

.the operating conditions of the blade have been varied

so that while maintaining its efficiency, the tip speed is

subsonic and the noise level is about the same as con-

ventional propellers.

Noise levels around aircraft and missiles have in-
creased to such intensity that parts of the structures
and equipment are being destroyed or damaged so as
to impair the proper operation of the vehicle. The
third area of NACA. noise research concerns how the
noise is transmitted to and through the structure and
thereby the equipment, and how to most efficiently
design the structure so as to withstand the noise loads.
Various types of aircraft structures are being tested
to destruction by the noise pressure from such sources
as jet and rocket engines, air jets, and laboratory sirens,
and the information obtained is being used to devise
methods for designing better structures.
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Turbulent Shear Spectra and Local Isotropy in the Low-
Speed Boundary Layer. By Virgil A. Sandborn and
Willis H. Braun. i

On Possible Similarity Solutions for Three-Dimensional
Incompressible Laminar Boundary Layers. I—Simi-
larity With Respect to Stationary Rectangular Coordi-
nates. By Arthur G. Hanpsen and Howard Z. Herzig.

Heat-Transfer Measurements on Two Bodies of Revo-
lution at a Alach Number of 3.12. By John R. Jack and
N. S. Diaconis.
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A theoretical Analysis of Heat transfer in Regions of
Separated Flow. By Dean R. Chapman.

A Factor Affecting Transonic Leading-Edge Flow Separa-
tion. By George P. Wood and Paul B. Gooderum.

Conversion of Inviscid Normal-Force Coeflicients in
Helinm to Equivalent Coefficients in Air for Simple
Shapes at Hypersonic Speeds. By James N. Mueller.

Charts Adapted From Van Driest’s Turbulent Ilat-Plate
Theory for Determining Values of Turbulent Aerody-
namic Friction and Heat-Transfer Coeflicients. By
Dorothy B. Iee and Maxime A. Faget.

. On Possible Similarity Solutions for Three-Dimensional

Incompressible Laminar Boundary Layers. II—S8imi-
larity with Respect to Stationary Polar Coordinates.
By Howard Z. Herzig and Arthur G. Hansen.

. A Low-Speed Bxperimental Investigation of the Bffect of

a Sandpaper Type of Roughness on Boundary-Layer
Transition. By Albert H. von Doenhoff and Hlmer A.
Horton.

Method for Calculating Bffects of Dissoclation on IFlow
Variables in the Relaxation Zone Behind Normal Shock
Waves. By John S. Hvans.

Particular Solutions for Flows at Mach Number 1. By
Max A. Heaslet and Franklyn B. Fuller.

Investigation of Separated Flows in Supersonic and Sub-
gonic Streams With Emphasis on the Bffect of Transi-
tion. By Dean R. Chapman, Donald M. Kuehn, and
Howard K. Larson.

On Stokes' Stream Function in Compressible Small-Dis-
turbance Theory. By Milton D. Van Dyke,

Average Properties of Compressible Laminar Boundary
Layer on Flat Plate With Unsteady Flight Velocity.

* By Franklin K. Moore and Simon Ostrach.

Simplified Method for Bstimating Compressible Laminar
Heat Transfer With Pressure Gradient. By Bii
Reshotko.

. On Possible Similarity Solutions for Three-Dimensional

Incompressible Laminar Boundary Layers. III—Simi-
larity With Respect to Stationary Polar Coordinates
for Small Angle Variation. By Howard Z. Herzig
and Arthur G. Hansen.

Oblique-Shock Relations at Hypersonic Speeds for Afr
in Chemical Equilibrium. By V. B. Moeekol.

Boundary-Layer Transition at Mach 3.12 as Affected by
Cooling and Nose Blunting. By N. 8. Diaconis,
John R. Jack, and Richiard J. Wisniewski.

A Power-Series Solution for the TUnsteady Laminar
Boundary-Layer Flow in an Expansion Wave of Finite
Width Moving Through a Gas Initilally at Rest. By
Nathaniel B. Cohen.

An Integral Solution to the Flat-Plate Laminary Boun-
dary-Layer Flow Existing Inside and After Expansion
Waves and After Shock Waves AMoving Into Quiescent
Fluid With Particular Application to the Complete
Shock-Tube Flow. By Robert L. Trimpi and Nathaniel
B. Cohen.

The Brosion of Meteors and High-Speed Vehicles in the
Upper Atmgsphere. By O. Frederick Hansen.

Measurements of the Nonlinear Variation With Tem-
perature of Heat-Transfer Rate From Hot Wires in
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Transonic and Supersonic Flow. By Warren Wino-
vich and Howard A. Stine.

A Theoretical Study of the Hffect of Up-Stream Tran-
spiration Cooling on the Heat-Transfer and Skin-Fric-
tlon OCharacteristics of a Compressible, Laminar
Boundary Layer. By Morris W. Rubesin and Mamoru
Inouye. ’

Thin Airfoil Theory Based on Approximate Solution of
the Transonic Flow Equation. By John R. Spreiter
and Alberta Y. Alksne.

On Flow of Electrically Conducting Fluids Over a Flat
Plate in the Presence of a Transverse Magnetic Field.
By Vernon J. Rossow.

Effect of Bluniness on Transition for a Cone and a Hol-
Jow COylinder at Mach 31. By Paul F. Brinich and
Norman Sands.

Compressible Laminar Boundary Layer Over a Yawed
Infinite Cylinder With Heat Transfer and Arbitrary
Prandtl Number. By Eli Reshotko and Ivan H. Beck-
with.

A Note on the Effect of Heat Transfer on Peak Pressure
Rise Associated With Separation of Turbunlent Boun-
dary Layer on a Body of Revolution (NACA RM-10)
at a Mach Number of 1.61. By K. R. Ozarnecki and
Archibald R. Sinclair.

Interaction of Moving Shocks .and Hot Layers. Uy
Robert V. Hess. -

Nonuniformities in Shock-Tube Flow Due to Unsteady-
Boundary-Layer Action. By Harold Mirels and W. H.
Braun.

Estimation of Compressible Boundary-Layer Growth
Over Insulated Surfaces With Pressure Gradient. By
Gerald V. Bnglert.

Thermodynamic Study of a Roots Compressor as a
Source of High-Temperature Afr. By Clarence B.
Cohen, Richard R. Woollett, and Kenneth C. Weston.
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1428, Wall Interference in a Perforated Wind Tunnel: By
Riccardo Brescia. From Accademia delle Scienze di
Torino, Attl, vol. 87, 1952-1953.

1430, 'The BEffect of Solid Admixtures on the Velocity of Aotion
of a Free Dusty Alr Jet. By A. P. Chernov. From
Zhurnal Tekhnicheskol Pizikl, vol. 26, No. 5, 1958, pp.
1060-1063.
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Dryden, Hugh L.: Some Aspects of Trangition From
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Maslem, Stephen H., and Moeckel, Wolfgang H.: In-
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Surface. Quar. Appl. Math, vol. 15, No. 1, Apr. 1957,
pp. 98-101.

Sandborn, Virgil A.: Summary of Turbulence Measure-
ments in the NAGCA Lewis 6- by 60-Inch Boundary
Layer Channel. Proc. of the 4th Alidwestern Confer-
ence on Fluid Alechanies (Purdue Unlv.,, Sept. 8-9,
1055), Purdue Eng. Expt. Station Research Series No.
128, Purdue Univ. (Lafayette, Ind.), pp. 1-22.

Schuaeller, Carl F.: How NACA’s Wind Tunnel Oper-
ates, Blectrical World, Dec. 81, 1956, pp. 22, 24,

and Ostrach, Simon: Note on -
the Aerodynamic Heating of an Oscillating Insulated -
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Selgel, Robert, and Norris, R. H. (G. H. Jo.): Tests
of Free Conviction in a Partially Enclosed Space
Between Two Heated Vertical Plates. Trans. A.
S. M. B, vol. 79, No. 3, Apr. 1957, pp. 683-673.

Sparrow, Epbraim, and Gregg, John L.: Laminar-Free-
Convection Heat Transfer From the Outer Surface of
a Vertical Circular COylinder. Trans. A. S. AL BE., vol.
78, No. 8 Nov. 1956, pp. 1823-1820.

Sparrow, Ephraim JM., and Gregg, John L.: Similar
Solutions for Free Convection from a Nonisothermal
Vertical Plate. Paper §7-SA-3, A. S. M. B, 1957.

Stalder, Jackson R., and Seiff, Alvin: The Simulation
and Afeasurement of Aerodynamic Heating at Super-
sonic and Hypersonic Mach Numbers. Presented at the
Tth Meeting of the Wind Tunnel and Aodel Testing
Panel (Ottawa, Canada, June 10-14, 1955), Advisory
Group for Aeronautical. Research and Development
AG19/P9. pp. 191-2086.

Steiner, Richard R.: Wind Tunnel Instrumentation.
Instruments and Automation, vol. 30, No. 5, AMay 1957,
pp. 880-882.

Wood, George P.: Optical Methods for Examining the
Flow in High-Speed Wind Tunnels. Pt. 2—Interferom-
eter Alethods. Advisory Group for Aeronautical Re-
search and Development AGARDograph 23, Nov. 1956,
pp. 123148,

Stability and Control
Reports

1258. A Wind-Tunnel Test Technique for Measuring the
Dynamic Rotary Stability Derivatives at Subsonie
and Supersonic Speeds. By Benjamin H. Beam.

1268. Theoretical Calculations of the Pressures, Forces, and
AMoments at Supersonic Speeds Due to Various
Lateral Motions Acting on Thin Isolated Vertical
Tails. By Kenneth Margolis and Percy J. Bobbitt.

1269. Theoretical Span Load Distributions and Rolling
Moments for Sideslipping Wings of Arbitrary Plan
Form in Incompressible Flow. By AL J. Queijo.

Technical Notes

8725. Aerodynamic ¥nterference of Slender Wing-Tail Combi-

nations. By Alvin H. Sacks. '

The Motiong of Rolling Symmetrical Missiles Referred
to a Body-Axis System. By Robert I. Nelson.

Preliminary Wind-Tunnel Tests of Triangular and Rec-
tangular Wings in Steady Roll at Alach Numbers of
1.62 and 1.92. By Clinton B. Brown and Harry S.
Heinke, Jr.

An Optimum Swiiching Oriterion for a Third-Order
Contactor Acceleration Control System. By Anthony
L. Passera and Ross G. Willoh, Jr.

Transition-Flight Tests of a Moedel of a Low-Wing Trans-
port Vertical-Take-Off Airplane With Tilting Wing and -
Propellers. By Powell AL Lovell, Jr., and Lysle P.
Parlett.™ .

Aerodynamic Characteristics and Flying Qualities of a
Tailless Triangular-Wing Airplane Conflguration as
Obtained From Flights of Rocket-Propelled Models at
Transonic and Low Supersonic Speeds. By Grady L.
Mitcham, Joseph H. Stevens, and Harry P. Norris.

A Simple AMethod for Calculating the Characteristics of
the Dutch Roll AMotion of an Airplane. By Bernard B.
Klawans.

Stability Derivatives of Cones at Supersonic Speeds. By
AMurray Tobak and William R. Wehrend.
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On .a Method for Optimization of Time-Varying Linear
Systems With Non-Stationary Inputs. By Marvin
Shinbrot. i

An Air-Flow-Direction Pickup Suitable for Telemetering
Use on Pilotless Aircraft. By Wallace L. Ikard.

Wind-Tunnel Calibration of a Combined Pitot-Static
Tube and VaneType Flow-Angularity Indicator at
Mach Numbers of 1.61 and 2.01. By Archibald R. Sin-
clair and William D. AMace.

Flight Investigation of the Stability and Control Charac-
teristics of a Vertically Rising Airplane Research Model
With Swept or Unswept Wings and x- or -+-Tails.
By Robert H. Kirby.

Hffect of Vertical Fins Near the Nose of the Fuselage on
the Directional and Dampling-in Yaw Stability Deriva-
tives of an Airplane Model Under Steady-State and Os-
cillatory Conditions. By AL J. Queijo and Hvalyn G.
Wells. .

Wind-Tunnel Investigation to Determine the Horizontal-
and Vertical-tail Contributions to the Static Lateral
Stability Characteristics of a Complete-Aodel Swept-
Wing Conflguration at High Subsonic Speeds. By James
W. Wiggins, Richard B. Kubn, and Paul G. Fournier. -

Investigation of a Nonlinear Control System. By 1.
Fligge-Lotz and O. ¥, Taylor. :

. Experimental Steady-State Yawﬁxg Derivative of a 60°

Delta-Wing Model as Affected by Changes in Vertical
Position of the Wing and in Ratio of Fuselage Diameter
to Wing Span. By Byron M. Jaquet and Herman 8.
Kletcher.

Hxperimental Investigation of the Forces and Aoments
due to Sideslip of a Series of Triangular Vertical-and
Horizontal-Tall Combinations at Alach Numbers of 1.62,
1.93, and 241. By Donald B. Colettl.

. A Study of Several Factors Affecting the Stability Con- .

tributed by a Horizontal Tail at Various Vertical Posi-
tions on a Sweptback-Wing Airplane Model. By Gerald
V. Foster and Roland F. Griner.

. Experimental Investigation at Low Speed of the Effects

of Wing Position on the Static Stability of Models Hav-
ing Fuselages of Various Oross Section and Unswept
and 45° SBweptback Surfaces. By William Letko.

Comparison of Flight and Wind-Tunnel Aleasurements
of High-8peed-Airplane Stability and Control Charac-
teristics. By Walter C. Willlamg, Hubert M. Drake,
and Jack Fischel.

Wind-Tunnel Investigation of the Aerodynamic Charac-
teristics in Pitch of Wing-Fuselage Combinations at
High Subsonic Speeds. Taper-Ratio Series. By
Thomas J. King, and Thomas B. Pasteur, Jr.

Measurements of the Longitudinal Moment of Inertia of
of a Flexible Airplane. By Henry A. Cole, Jr., and
Frances L. Bennion.

Bxperimental and Predicted ILateral-Directional Dy-
namie-Response Characteristics of a Large Flexible
35° Swept-Wing Airplane at an Altitude of 35,000
Feet. By Stuart 0. Brown and Ruclid C. Holleman.

. Subsonic 'Wind-Tunnel Investigation <of the Bffect of

Fuselage Afterbody on Directional Stability of Wing-
Fuselage Combinations at High Angles of Attack.
By Edward O. Polhamus and Kenneth P. Spreemann.

. Effects of Wing Position and Vertical Tail Configuration

on Stability and Control Characteristics of a Jet-Pow-
ered Delta-Wing Vertically Rising Airplane JModel.
By Powell M. Lowell, Jr., and Lysle P. Parlett.

A Method for Predicting Lift Increments Due to Flap
Deflection at Low Angles of Attack in Incompressible
Flow. By John G. Lowry and Edward O. Polhamus.

3012. Flight Tests of a Model of a High-Wing Transport Ver-
tical-Take-Off Airplane with Tilting Wing and Propel-
lers and With Jet Controls at the Rear of the Fuselage
for Pitch and Yaw Control. By Powell M. Lovel], Jr.,
and Lysle P. Parlett.

Flight Investigation of a Roll-Stabilized Missile Con-
figuration at Varying Angles of Attack at Mach Num-
bers Between 0.8 and 1.79. By Jacob Zarvosky and
Robert A. Gardiner. .

Bffect of Propeller Location and Flap Deflection on the
Aerodynamic Characteristics of a Wing-Propeller Com-
bination for Angles of Attack ¥From 0° to 80°. By Wil-
liam A. Newsom, Jr.

Preliminary Data at a Mach Number of 2.40 of the
Characteristics of Flap-Type Controls Equipped With
Plain Overhang Balances. By James N. Mueller and
K. R. Ozarnecki.

Bffects of Horizontal-Tail Position and a Wing Leading-
Hdge Modification Consisting of a Full-Span Flap and
a Partial-Span Chord-Extension on the Aerodynamic
Characteristics in Pitch at High Subsonic Speeds of a
Model With a 45° Sweptback Wing., By Willlam D.
Morrison, Jr., and Willlam J. Alford, Jr.

A Collection of Data for Zero-Lift Damping in Roll of
Wing-Body Combinations as Détermined with Rocket-
Powered Models Equipped with Roll-Torque Nozzles.
By David G. Stone.

. Some Hffects of Tail Height and Wing Plan Form on
the Static Longitudinal Stability Characteristics of a
Small-Scale Afodel at High Subsonic Speeds. By Albert
G. Few, Jr., and Thomas J. King, Jr.

Effects of Fuselage Nose Length and a Canopy on the
Static Longitudinal and Lateral Stability Characteris-
ties of 45° Sweptback Airplane Models Having Fuse-
lages With Square Oross Sectlons. By Byron M. Jaquet
and H. 8. Fletcher.

Characteristics of a 40° Cone for Measuring Mach Num-
ber, Total Pressure, and Flow Angles at Supersonic
Speeds. By Frank J. Centolanzi.

The Application of Matrix Methods to Coordinate
Transformations Occurring in Systems Studies Involv-
ing Large Motions of Aircraft. By Brian F. Doolin.

8998. Ground Simulator Studies of the Bffects of Value I'ric-
tion, Stick Friction, Flexibility and Backlash on Power
Control System Quality. By B. Porter Brown.

4004. Some Bffects of Valve Friction and Stick Friction on
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Control Systems. By B. Porter Brown and John P.
Reeder. .
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1408. On the Use of the Harmonic Linearization Method in
the Automatic Control Theory. By B. P. Popov. From
Doklady Akademiia Nauk (8SSR), vol. 106, No. 2,
1936, pp. 211-214. )

Other Technical Papers by Staff Members

Campbell, John P.: Techniques for Testing Models
of VTOL and STOL Aijrplanes. Presented at the 9th
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for Aeronautical Research and Development Report 01.

Cole, Henry A., Brown, Stuart C., and Holleman,
Buclid D.: The Effects of Flexibility on the Longltudi-
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nal Dynamic Response of the B-47 Airplane. Pre-
print 678, Inst. Aero. Seci., 1957.

Gough, Melvin N.: Notes on Correlation of Model and
Full-S8cale Spin and Recovery OCharacteristics. Pre-
gented at the 8th Meeting of the Flight Test Panel
(Rome, Italy, Feb. 20-25, 1956), Advisory Group for
Aeronnutical Research and Development Report 27.

Kauffman, William M.: Flight Application of Target-
Simulator Principles. Aero. Eng. Rev., vol. 15, No. 11,
Nov. 1956, pp. 76-80.
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Yaw Instabilities of Supersonic Airplanes. Preprint
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Shinbrot, AMarvin: On the Anglysis of Linear and
Nonlinear Systems. Trans. A. 8. M. B, vol. 79, No. 8,
Apr. 1957, pp. 547-552.
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High Angles of Attack. Presented at the 7th Meefing
of the Wind Tunnel and Model Testing Panel (Ottawa,
Canada, June 10-14, 1955), Advisory Group for Aero-
nautical Research and Development AGI18/PS,
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Group for Aeronautical Research and Development
Report 02,
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Chung-Hua Wu.
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Inlets With Various Cowling Profiles at Alach Numbers
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L. W. Putland.
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Modified One-Dimensional Nonstationary Wave The-
ory. By Robert L. Trimpi.

Characteristics of Four Nose Inlets as Measured at
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Brajnikoff and Arthur W. Rogers.
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Spreading Characteristics of a Jet Expanding From
Choked Nozzles at Mach 1.91. By Alorris D. Rousso
and L. Bugene Baughman.
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and Roger W. Luidens.
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Aerodynamics and Jet Propulsion. Vol. VII—Aero-
dynamic Components of Aircraft at High Spesds. A. F.
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Press (Princeton, N. J.), 1957, Sect. B, pp. 586-857.
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Inception of Vortex Ventilation. By John A. Ramsen.
3008. Hydrodynamic Characteristics Over a Range of Speeds
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VYaughn, Jr., and John A. Ramsen.
3039. A Theoretical and Experimental Study of Planing Sur-
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Form. By Charles L. Shuford, Jr.
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Christopher.
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of Seaplane Impact Loads in Waves. Proc. of First
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ed., Council on Wawve Research (Richmond, Calif.).
1956, pp. 218-228.
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1295. An Analysis of Once-Per-Revolution Oscillating Aerody-
namic Thrust Loads on Single-Rotation Propellers on
Tractor Airplanes at Zero Yaw. By Vernon L. Rogallo,
Paul F. Yaggy, and John L. McCloud, ITI.
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8707. Flutter of Thin Propeller Blades, Including Bffects of
Mach -Number, Structural Damping, and Vibratory-
Stress Measurements Near the Flutter Boundarles. By
Harvey H. Hubbard, Marvin F. Burgess, and Maurice
A, Sylvester.

Rotary Wing Aircraft
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12680. Studies of the Speed Stability of a Tandem Helicopter
in Forward Flight. By Robert J. Tapscott and Kenneth
B. Amer.
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1266. Charts for Estimating Performance of High-Performance
Helicopters. By Alfred Gessow and Robert J. Tapscott.
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on o Helicopter Rotor Blade. By John P. Rabbott, Jr.

3747. Equations and Procedures for Numerically Calculating

the Aerodynamic Characteristics of Idfﬂng Rotors. By -
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Flight Conditions. By Alfred Gessow and Almer D.
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Distribution of Normal Component of Inducted Velocity
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Qastles, Jr., and Howard L. Durham, Jr.
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Differential Equations of "Motion for Combined Flap-
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Houbolt and George W. Brooks.
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By Walter Castles, Jr.
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Shivers, James P., and Carpenter, Paul J.: I'xperi-
mental Investigation of Compressibility HEffects on a
Helicopter Rotor Having NACA. 63:-015 Alrfoll Sec-
tions. Proc. of the 12th Annual National Forum, Am.
Helicopter Soc. (Washington, D. C., May 2-5, 1068),
Am. Helicopter Soc., Inc. (N. Y.), pp. 59-63.

Yeates, John H., Jr.: A Discussion of Helicopter Vibra-
tion Studies Including Flight Test and Annlysis
Methods Used to Determine the Coupled Response of
a Tandem Type. Jour. Am. Helicopter Soc, vol. 1,
No. 3, July 1956, pp. 53-58.

Aireraft Configurations
Reports

1256. Axially Symmefric Shapes with Mimimum Wave Drag.
By Max A. Heaslet and Franklyn B. Fuller.

Investigation of the Aerodynamic Characteristics of a
Model Wing-Propeller Combination and of the Wing
and Propeller Separately at Angles of Attack up to
80°. By Richard B. Kuhnr and John Y. Draper.

On Boattail Bodies of Revolution Having Minimum
Wave Drag. By Keith 0. Harder and Conrad Renne-
mann, Jr.

A Study of the Zero-Lift Drag-Rise CGharacteristics of
Wing-Body Combinations Near the Speed of Sound. By
Richard T. Whitcomb.

Second-Order Subsonic Airfoil Theory Including Edge
Effects. By Afilton D. Van Dyke.

The Proper Combination of Lift Loadings for Least Drag
on a Supersonic Wing. By Frederick (. Grant.

. Wind-Tunnel and Flight Investizgations of the Use of.
Leading-Edge Area Suction for the Purpose of Increas-
ing the Maximum Lift Coefficient of a 35° Swept-Wing
Airplane. By Curt A. Holzhauser and Richard 8. Bray.

A Special Method for Finding Body Distortions That Re-
duce the Wave Drag of Wing and Body Combinations
at Supersonic Speeds. By Harvard Lomax and Max
A. Heaslet.

Theory of Wing-Body Drag at Supersonic Speeds. By
Robert T. Jones.

Technical Notes

3675. The Hffects of Compressibility on the Up-Wash at the
Propeller Planes of a Four-Hngine Tractor Airplane
Configuration Having a Wing With 40° of Sweepback
and an Aspect Ratio of 10. By Armando H. Lopez and
Jerald K. Dickson.

3704. Minimum-Drag Ducted and Closed Three-Point Body of
Revolution Based on Linearized Supersonic Theory.
By Herman M. Parker.

3709. Aerodynamic Investigation of a Parabolic Body of Revo-
lution at Mach Number of 1.92 and Some Bffects of
an Annular Supersonic Jet Exhausting From the Base.
By Eugene 8. Love.

General Theory of Wave-Drag Reduction for Combina-
tions Employing Quasi-Cylindrical Bodies With an Ap-
plication to Swept-Wing and Body Combinations. By
Jack N. Nielsen and William O. Pitts.

The Interference Bffects of a Body on the Spanwise Load
Distributions of Two 45° Sweptback Wings of Aspect
Ratio 8.02 From Low-Speed Tests. By Albert P.
Martina.

1288.

1284.

3722,

3730.



3738,

3739.

3744,

3789.

3790.

3794,

3795,

3796.

3707.

3815.

3821.
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Theoretical and Hxperimental Investigation of the Sub-
sonic-Flow Fields Beneath Swept and Unswept Wings
‘With Tables of Vortex-Induced Velocities. By William
J. AXord, Jr.

Flight Investigation of the Performance of a Two-Stage
Solid-Propellant Nike-Deaicon (Dan) Aeteorological
Sounding Rocket. By Robert H. Heitketter.

Supersonic Flow Past Nonlifting Bumped and Indented
Bodies of Revolution. By F. Edward AMcLean and
Conrad Rennemann, Jr.

The Results of Wind-Tunnel Tests to a Alach Number
of 0.90 of a Four-Engine Propeller-Driven Airplane
Configuration Having a Wipg With 40° of Sweepback
and an Aspect Ratio of 10. By George G. Edwards,
Jerald K. Dickson, ¥red B. Sutton, and Fred A. De-
mele.

Analysis of Wind-Tunnel Tests to a Aach Number of
0.90 of a Four-Engine Propeller-Driven Airplane Con-
fieuration Having a Wing With 40° of Sweepback and
an Aspect Ratio of 10. By George G. Edwards, Donald
A, Buell, Fred A, Demele, and Fred B. Sutton.

Drag Interference Between a Pointed Oylindrical Body
and Triangular Wings of Various Aspect Ratios at
Mach Numbers of 1.50 and 2.02. By Elliott D. Katzen
and George B. Kaattari.

Lift and Pitching-Moment "Interference Between a
Pointed Oylindrical Body and Triangular Wings of
Various Aspect Ratios at Mach Numbers of 1.50 and
2.02. By Jack N. Nielsen, Blliott D. Katzen, and Ken-
neth K. Tang.

Theoretical Lift Due to Wing Incidence of Slender Wing-

Body-Tail Combinations at Zero Angle of Attack. By

Alvin H. Sacks.

Sectton Characteristics of the NACA 0006 Airfoil With
Leading-Edge and Trailing-Edge Flaps. By Bruno J.
Gambucci.

. Exploratory Investigation of the Effectiveness of Biplane

Wings With Large-Chord Double Slotted Flaps in Re-
directing a Propeller Slipstream Downward for Ver-
tical Take-Off. By Robert H. Kirby.

On Stender-Body Theory and the Area Rule at Tran-
somic Speeds. By Keith C. Harder and B. B. Klunker.

. Base Pressure at Supersonic S8peeds on Two-Dimensional

Alrfoils and on Bodies of Revolution With and With-
out Fins Having Turbulent Boundary Layers. By
Thugene 8. Love.

. Some Observations on Maximum Pressure Rise Across

Shocks Without Boundary-Layer Separation on Airfoils
at Transonic Speeds. By Walter ¥. Lindsey and

. Patrick J. Johnston.

Flight Techniques for Determining Airplane Drag at
High Mach Numbers. By De B. Beeler, Donald R.
Belman, and Edwin J. Saltzman.

Investigation of Heat Transfer From a Stationary and
Rotating Bllipsoidal Fore-Body of Fineness Ratio 3.
By James P. Lewis and Robert 8. Ruggeri.

Investigation of the Bffects of Leading-Edge-Chord- Ex-
tension and Fences in Combination With ILeading-
Edge Flaps on the Aerodynamic Characteristies at
Mach Numbers From 0.40 to 0.93 of a 45° Swept Back
Wing of Aspect Ratio 4. By Kenneth P. Spreemann
and Willlam J. Alford, Jr.

. Aerodynamic Characteristics of a Circular Cylinder at

Mach Number 6.86 and Angles of Attack up to 90°.
By Jim A. Penland.

Wind-Tunnel Investigation at Low Speeds to Determine
the Effect of Aspect Ratio and End Plates on a Rec-

~

3865.

3871.

3873.

3875.

3004.

3907.

3918.

3919.

3938.

3043.

8964,

8986.

4038.
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tangular Wing With Jet Flaps Deflected 85°. By
John G. Lowry and Raymond D. Vogler.

‘Wind-Tunnel Investigation of Jet-Augmented Flaps on
a Rectangular Wing to High Momentum Coeficients.
By Vernard H. Lockwood, Thomas R. Turnmer, and
John M. Riebe.

An Investigation at Subsonic Speeds of Several Aodifi-
cations fo the Leading Edge Region of the NACA
64A010 Airfoil Section Designed to Increase Maximum
Lift. By Ralph L. Maki and Lynn W. Hunton.

. HExperimental Determination of the Range of AppHca-

bility of the Transonic Area Rule for YWings eof Tri-
angular Plan Form. By William A. Page.

Tables of Characteristic Functions for Solving Bound-
ary-Value Problems of the Wave Equation With Ap-
pHeation to Supersonic Interference. By Jack N.
Nielsen.

The Similarity Rules for Second-Order Subsonic and
Supersonic Flow. By Ailton D. Van Dyke.

. An Investigation at Low Speed of the Flow Over a Simu-

lated ¥lat Plate at Small Angles of Attack Using
Pttot-Static and Hot-Wire Probes. By Donald E.
Gault.

. Wind-Tunnel Investigation of an External-Flow Jet-

Augmented Slotted Flap Suitable for Application to
Ajrplanes With Pod-Aounted Jet Engines. By John P.
Campbell and Joseph L. Johnson, Jr.

Investigation of the Hffectiveness of Boundary-Layer
Control by Blowing Over a Combination of Sliding
Plain Flaps in Deflecting a Propeller Slipstream
Downward for Verticnl Take-Off. By XKenneth P.
Spreemann and Richard B. XKuhn.

Similitude Relations for Free-Alodel Wind-Tunnel
Studies of Store-Dropping Problems. By Carl A. San-
dahl and Maxime A. Faget.

VWind-Tunnel Investigation of Effect of Propeller Slip-
streams on Aerodynamiec Characteristics of a Wing
Rquipped With a §0-Percent-Chord Sliding Flap and
a 30-Percent-Chord Slotted Flap. By Richard E.
AMaxde, Jr.

Investigation of Effectiveness of a Wing Equipped With
a 50-Percent-Chord Sliding Flap, a 30-Percent-Chord
Slotted Flap, and a 30-Percent-Chord Slat in Deflect-
ing Propeller Slipstreams Downward for Vertical
Take-Off. By Richard BH. Kuhn.

Sidewash in the Vicinity of Lifting Swept- Wings at
Supersonic Speeds. By Percy J. Bobbitt and Peter J.
Kubn and William C. Hayes, Jr.

Investigation of Variation in Base Pressure Over the
Reynolds Number Range in Which YWake Transition
Occurs for Nonlifting Bodies of Revolution at Alach
Numbers From 1.62 to 2.62. By Vernon Van Hise.

A Qorrelation of ILow-Speed, Airfoil-Section Stalling
Characteristics With Reynolds Number and Airfoil
Geometry. By Donald E. Gault.

The Linearized Subsonic Flow About Symmetrical Non-
Hfting Wing-Body Combinations. By John B.
McDevitt.

Theoretical Investlgation of the REffects of Configura-
tion OChanges on the Center-of-Pressure Shift of a
Body-Wing-Tail Combination Due to Angle of Attack
and Mach Number at Transonic and Supersonic
Speeds. By J. Richard Spahr. )

Perforated Sheets as the Porous Material for a Suction-
Flap Application. By Robert E. Dannenberg, James A.
‘Weiberg, and Bruno J. Gambucei.
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Technical Memorandums

1383. Finite Span Wings in Compressible Flow. By H. A.
Krasilshchikova. From Scientific Records of the Mos-
cow State University, vol. 154, Mechanics no. 4, 1651,
with appendix condensed from a document ‘“Modern
Problems of Mechanics,” Govi. Pub. House of Tech.
Theor. Literature (Aloscow, Leningrad), 1952.

1421. A Theoretical Investigation of the Drag of Generalized
Alireraft Configurations in Supersornic Flow. By B. W.
Graham, P. A. Lagerstrom, R. M. Licher, and B. J.
Beane, Douglas Aircraft Company, Inc., January, 1857.

Other Technical Papers by Staff Members_

Baals, Donald D.: Model Selection and Design Prac-
tices Applicable to the Development of Specific Air-
craft. Presented at the 8th Meeting of the Wind Tun-
nel and Model Testing Panel (Rome, Italy, Feb. 20-25,
1956), Advisory Group for Aerongutical Research and
Development Report 21.

Brown, Olinton B.: Aerodynamies of Bodies at High
Speeds. High Speed Aerodynamics and Jet Propul-

gion, Vol. VII—Aerodynamic Components of Aircraft at.

High Speeds, A. F. Donovan and H. R. Lawrence, eds,
Princeton Univ. Press (Princeton, N. J.), 1957, Sect. B,
pp. 244-280. >

Crowley, John W, Jr.: Supersonic Vehicle of Com-
merce . . . Supersonic Weapon of War. Interavia, vol.
12, No. 1. Jan. 1957, pp. 46-48.

Dryden, Hugh L.: Aircraft Performance Characteris-
tics. Papers presented at the Spring 1956 RTCA As-
sembly Meeting Held in Cooperation With the Boston
Sections of the Radio Engineers Institute of the Aero-
nautical Sciences (Boston, Mass., June §5-6, 1956),
Paper 131-566/A8-175, pp. N-1-7.

Dryden, Hugh L.: Engineering Problems of Xigh-
Speed Flight. Buffalo University School of Engineer-
ing Symposiuom, Jan. 6, 1955, pp. 1-6.

Frick, Charles W.: The FExperimental Aerodynamics
of Wings at Transonic and Supersonic Speeds. High
Speed Aerodynemics and Jet Propulsion, VoL VII—
Aerodynamic Components of Alrcraft at High Speeds,
A. F. Donovan and H. R. Lawrence, eds. Princeton
Univ. Press (Princeton, N. J.), 1957, Sect. G, pp.
T04-832.

Hansen, Raymond AL : Kvaluation and Calibration of
Wire-Strain-Gage Wind-Tunnel Balances Under Load.
Presented at the 8th AMeeting of the Wind Tunnel and
Model Testing Panel (Rome, Italy, Feb. 20-25, 1956),
Advisory Group for Aeronautical Research and De-
velopment Report 13.

Hansgen, Raymond AL : AMechanical Design and Fabri-
cation of Strain-Gage Balances. Presented at the
8th Meeting of the Wind Tunnel and Model Testing
Panel (Rome, Italy, Feb. 20-25, 1956), Advisory Group
for Aeronautical Research and Development Report 9.

Jones, Robert T., and Cohen, Doris: Aerodynamics of
Wings at High' Speeds. High Speed Aerodynamics
and Jet Propulsion, Vol. VII—Aerodynamic Com-
ponents of Aircraft at High Speeds. A. F. Donovan
and H. R. Lawrence, eds., Princeton Univ. Press
(Princeton, N. J.), 1957, Sect. A., pp. 3-243.

Jones, Robert T.: Some Recent Developments in the
Aerodynamics of Wings for High Speeds. Zelt, fur
Flugwissenschaften, vol. 4, No. 8, Aug. 1956, pp.
257-262.
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Kendall, James M., Jr.: Hxperimental Investigation of
Leading Edge Shock Wave-Boundary Layer Interac-
tion at Hypersonic Speeds. Jour. Aero. Scl., vol. 24,
No. 1, Jan. 1957, pp. 47-56.

Kerwin, William J.: Chronograph Times. Blectronics,
vol. 80, No. 4, Apr. 1, 1957, pp. 152-155.

Lomax, Harvard, and Heaslet, Maxwell A.: Recent
Developments in the Theory of Wing-Body Wave
Drag. Jour. Aero. Scl., vol. 23, No. 12, Dec. 1956, pp.
1061-1074.

Lowry, John G. Riebe, John M. and Campbell, John
P.: The Jet-Augmented ¥lap. Preprint 715, Inst.
Aero. Sci., 1957. :

Sacks, Alvin H.: Vortex Interference Effects on the
Aerodynamics of Slender Airplanes and Missiles. Jour.
-Aero. 8cl., vol. 24, No. 6, June 1957, pp. 803-402, 412,

Williams, Walter O.: Flight Research at High Altitudes
and High Speeds With Rocket-Propelled Research Afr-
planes. Trans, SAH, vol. 64, 1956, pp. 670-576.

Williams, Walter O, and Drake, Hubert M.: The Re-
search Airplane—Past, Present, and Future. Preprint
750, Inst. Aero. Sci., 1957.

POWER PLANTS FOR AIRCRAFT
Aircraft Fuels Research

Technical Notes

8276. Properties of Aircraft Fuels. By Henry O. Barnett and
Robert R. Hibbard.

Some Effects of Small-Scale Flow Disturbance on Nozzle-
Burner Flames. By Hdgar L. Wong.

Hffect of Pressure on the Spontaneous Ignition Tempera-
ture of Liquid Fuels. By Cleveland O'Neal, Jr.

Stability Limits and Burning Velocities of Laminar Hy-
drogen-Alr Flames at Reduced Pressure. By Burton
Pine.

. Effect of Concentration on Ignition Delays for Varlous
Fuel-Oxygen-Nitrogen Mixtures at Elevated Tempera-
tures. By B. Anagnostou, R. 8. Brokaw, and J. N.
Butler.

"Pressure Losses of Titania and Magnesioum Slurries in
Pipes and Pipeline Transitions. By Ruth N, Weltmann
and Thomas A. Keller.

Further Hxperiments on the Stability of Laminar and
Turbulent Hydrogen-Air Flames at Reduced Pressures.
By Burton Fine.

Other Technical Papers by Staff Members
McKeown, Anderson B., and' Hibbard, Robert R.: De-
termination of Dissolved Oxygen in Hydrocarbons,
) Anal. Chem., vol. 28, No. 9, Sept. 1956, pp. 1490-1492,
Combustion Research
- Reports
1264. A Thermal Egquation for Flame Quenching. By A. H.
Potter, Jr., and A. L. Berlad,
1265. A Theory for Stability and Buzz Pulsation Amplitude
- in Ram Jets and an Experimental Investigation Includ-
ing Scale Effects. By Robert L. Trimpi.
1277, Interaction of a ¥Free Flame Front With a Turbulence
Field. By Maurice Tucker.
1286. Propagation of a Free Flame in a Turbulent Gas Stream.
By William B. Mickelsen and Norman B. Ernstein.
1287. Spark Ignition of Flowing Gases. By Olyde 0. Swett,
’ Jr.

38765.

3829.

3833.

3977.
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Technical Notes -
3656. A Self-Balancing Line-Reversal Pyrometer. By Don-
ald Buchele. .

3760. Aerodynamic Mixing Downstream From Line Source of
Heat in High-Intensity Sound Field. By William R.
Mickelsen and Lionel V. Baldwin.

Drag Coefficlents for Droplets and Solid Spheres in
Clouds Accelerating in Air-Streams. By Robert D.
Ingebo. - T

Growth of Disturbances in a Flame-Generated Shear
Region. By Perry L. Blackshear, Jr.

A Relation Between Burning Velocity and Quenching
Distance. By A. 1. Potter, Jr., and A. L. Berlad.

A General System for Calculating Burning Rates of
Particles and Drops and Comparison of Calculated
Rates for Carbon, Boron, Magnesium, and Isooctane.
By Kenneth P. Coffin and Richard S. Brokaw.

Effect of Standing Transverse Acoustic Oscillations on
Fuel-Oxidant Mixing in Oylindrical Combustion Cham-
bers. By William R. Aickelsen.

Other Technical Papers by Staff Members

Berlad, Abraham I., and Potter, Andrew E.: Relation
of Boundary Velocity Gradient for Flash Back to
Burning Velocity and Quenching Distance. Combus-
tlon and Flame, vol 1, No. 1, Mar. 1957, pp. 127-128.

Butler, James N., and Brokaw, Richard 8.: Thermal
Conductivity of Gas Mixtures in Chemical Equilibrium.
Jour. Chem. Phys., voL 26, No. 6, June 1957, pp.
1636-1643.

Grobman, Jack 8., and Dittrich, Ralph T.: Pressure
Drop and Air Flow Distribution in Gas Turbine Com-
bustors. Paper 56-A—-208, A. S. M. B, 1956.

Mickelsen,
» Growth Rates of Turbulent Free Flames. Jour. Chem,
Phys., vol. 25, No. 3, Sept. 1956, pp. 485-489.

Olson, Walter T.: Combustion for Aircraft Engines.
Fifth International Aeronautical Conference (Los
Angeles, Calif,, June 20-23, 1955) (Convened by IAS

3762,

3830.
3882.

3029,

3983.

and RAS), Rita J. Turine and Caroline Taylor, eds.,;

Inst. Aero. Sei., Ine. (N. X.), 1956, pp. 449-481.

Lubrication and Wear
Reports

1254, Friction, Wear, and Surface Damage of Aletals as Af-
fected by Solid Surface Films. By Edmond E. Bisson,
Robert L. Johnson, Max. A. Swikert, and Douglas
Godfrey.

Technical Notes

3772, Effect of Three Design Parameters on the Operating
Characteristies of 75-Millimeter-Bore Cylindrical
Roller Bearings at High Speeds. By Willlam J.
Anderson. .

. Performance of 110-Millimeter-Bore M—1 Tool Steel Ball
Bearings at High ‘Speeds, Loads, and Temperatures.
By William J. Anderson.

Preliminary Metallographic Studies of Ball Fatigue
Under Rolling-Contact Conditions. By H. Robert
Bear and Robert H. Butler.

Stress-Life Relation of the Rolling-Contact Fatigue Spin
Rig. By Robert H. Butler and Thomas L. Carter.

3033, Bffect of Fiber Orlentation on Ball Failures Under

Rolling-Contact Conditions. By Robert H. Butler, H.
Robert Bear, and Thomas L. Carter.

469104—58-—=8

3025.

3930.

Willam R. and Brnstein, Norman H.:

Other Technical Papers by Staff Meml)ers/

Johnson, Richard L., Swikert, Max A, and Baliley,
John AL: Wear of Materials for High Temperature
Dynamic Seals (Paper, “Seals for Alrcraft Gas Tur-
bines”, baged on this and others), SAE Jour., vol. 64,
Sept. 1956, pp. 46-50.

Nemeth, Zolton N., and Anderson, William J.: Bffect of
Oxygen Concentration in Atmosphere on Oil Lubrica-
tion of High-Temperature Ball Bearings. Lubrication
Eng., voL. 12, No. §, Sept—Oct., 1958, pp. 327-330.

Peterson, Marshall B. (G. H. Co.) and Johnson, Robert
L.: Solid Lubricants for Temperatures to 1,000° F.
Lubrication Hng., vol. 13, No. 4, Apr. 1857, pp. 203-207.

Weltman, Ruth N. and Kuhns, Perry W.: The Use of
an Automatic Viscometer for the Study of Lubrlcant
Flow. Lubrication Eng., voL 18, No. 1, Jan. 1957, pbp.
43-50. ’

Compressor and Turbine Research
Technical Notes

3759. Analysis of Laminar Incompressible Flow in Semiporous
Channels. By Patrick L. Donoughe.

3771. Low-Speed Wake OCharacteristics of Two-Dimensional
Cascade and Isolated Airfoil Sections. By Seymour
Lieblein and Willilam H. Roudebush.

Investigation of a Related Series of Turbine-Blade Pro-
files in Cascade. By James C. Dunavant and John R.
Brwin.

. Comparison of NACA 65-Series Compressor-Blade Pres-
sure Distributions and Performance in a Rotor and in
Cascade. By Willard R. Westphal and William R.
Godwin.

Two-Dimensional Low-Speed Cascade Investigation of
NACA. Compressor Blade Sections Having a Systematic
Variation in Mean-Iine Loading. By John R. Brwin,
AMelvyn Savage, and James O. Hmery.

. Investigation of Rotating Stall in a Single-Stage Axial

Compressor. By 8. R. Montgomery and J. J. Braun.

. Tabulation of Aass-Flow Parameters for use in Design
of Turbo-Machine Blade Rows for Ratios of Specific
Heats of 1.3 and 1.4. By Warren J. Whitney.

. Analysis of Particle Motlons for a Olass of Three-Dimen-
sional Incompressible Laminar Boundary Layers. By

. Arthur G. Hansen and Howard Z. Herzig.

3013. Summary of 65-series Compressor-Blade Low-Speed Cas-
cade Data by Use of the Carpet-Plotting Technique.
By A. Richard Felix. :

Systematic Two-Dimensional Cascade Tests of NACA
85-Series Compressor Blades at Low Speeds. By L.
Joseph Herrig, James 0. Emery, and John R. Erwin.

Effect of Chord Size on Weight and Cooling Characteris-
ties of Air-Cooled Turbine Blades. By Jack B. Esgar,
Eugene F. Schum, and Arthur N. Curren.

A Comparison of Typical National Gas Turbine Hstab-
lishment and NACA Axial-Flow Compressor Blade Sec-
tions in Cascade at Low Speed. By. A. Richard Felix
and James C. Hmery.

Cascade Investigation of a Related Series of 6-Percent-
Thick Guide-Vane Profiles and Design Charts. By
James C. Dunavant. .

Investigation of Semivaneless Turbine Stator Designed
to Produce Axially Symmetrical Free-Vortex Flow. By
Harold H. Rohlik and William T. Wintucky.

. Deslgn and HExperimental Hvaluation of a Light-Weight
Turbine-Wheel Asgsembly. By V. C. Morgan and R. H.
Kemp.

8802.

3817.

3016.

3923.

303T7.

8959.

3980.
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Other Technical Papers by Staff Members

Daily, James W. (MIT), and Johnson, Virgili B. Jr.:
Turbulence and Boundary-Layer Hffects on Cavitation
Inception From Gas Nuclei. Trans. A. 8. M. H., volL
78, No. 8, Nov. 1956, pp. 1695-1706. ’

Esgar, Jack B., ILivingood, John N. B, and Hickel,
Robert O.: Research on Application of Cooling to Gas
Turbines. Trans. A. S. M. B, vol. 79, No. 3, Apr. 1857,
pp. 645-651.

Hanson, Morgan P.: A Vibration Damper for Axial-
* Flow Compressor Blading. Proe. Soc. BExp. Stress
Analysis, volL 14, No. 1, 1956, pp. 155-162.

Hartmann, Melvel J., and Wilcox, Ward W.: Problems
Encountered in the Translation of Compressor Per-
formance From One Gas to Another. Trans. A. 8. M. E,,
vol. 79, No. 4, May 1957, pp. 887-897.

Herzig, Howard Z., and Hansen, Arthur G.: Experi-
mental and Analytical Investigation of Secondary
Flow in Duects, Jour. Aero. Sci, vol. 24, No. 8, Mar.
1957, pp. 217-231.

Mergler, Harry W.: Know Your Process. Part 3—Ma-
chinirg From Recorded Information. Control Hngi-
neering, voL 3, No. 9, Sept. 1956, pp. 110-111.

Nuclear Powered Engines -

Reports
1270. Review of Experimental Tnvestigations of Liquid -Metal
Heat Transfer. By Bernard Lubarsky and Sammuel J.
Kaufman.
1283 Hxtrapolation Technigues Applied to Matrix Methods in
Neutron Diffusion Problems. By Robert R. McCready.

Technical Notes
3885. Investigation of Transient Pool Boiling Due to Sud-
den Large Power Surge. By Robert Cole.
3891. Rapid Determination of Core Dimensions of Crossflow
Gas-to-Gas Heat Exchangers. By Anthony .T Diaguila
and John N. B. Livingood.

Technical Memorandums

1405. Steady Nuclear Combustion in Rockets. By E. S#nger.
From Astironautica Acta, vol. 1, pt. 2, 1955, pp. 61-88.

Other Technical Papers by Staff Members

Cole, Robert: Investigation of Transient Pool Boil-
ing Due to Sudden Large Heat Generation. Reactor
Heat Transfer Progress, Nuclear Development Corp.
of America (White Plains, N. Y.) Report NDA-25,
Apr. 27, 1956, pp. 4-9.

Girifalco, Louis A., and Lad, Robert A.: Energy of
Cohesion, Compressibility, and the Potential Energy
Function of the Graphite System. Jour. Chem. Phys oy
vol. 25, No. 4, Oct. 19386, pp. 693—697.

Hallman, Theodore AL: Combined Forced and Free-
Laminar Heat Transfer in Vertical Tubes With Uniform
Internal Heat Generation. Trans. A. S. AL B, vol. 78,
No. 8, Nov. 1956, pp. 1831-1841. _

Leider, Herman R., Girifalco, Louis A, and Lad, Rob-
ert A.: X-Ray Induced Crack Formation in Sodium
Chloride. Acta Metallurgicia, vol. 3, No. 4, Apr. 1957,
pp. 216-218.

Ostrach, Simon : Convection Phenomera in Fluids Heated
From Below. Trans. A. S. AL B, vol. 79, No. 2, Feb.
1957, pp. 289-305.
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Ostrach, Simon, and Thornton, Philip R.: On the Stag-
nation of Natural-Convection Flows in Closed-End
Tubes. Paper 57-8A-2, A. 8. M. B, 1957.

Papazian, H. (Raytheon (Mfg. Co.), and Lad, Robert
A.: On the Ordering Bffects in the Corrosion of
CU: Au by Aqueous Ferric Chloride. Jour. Metals,
-vol. 8, No. 10, Sect. 2, Oct. 1956, p. 1340.

Volkin, Howard O.: Apgular Averages in the Scatter-
ing of Slow Neutrons by Gases. Jour. Appl. Phys.,
vol. 28, No. 2, Feb. 1957, pp. 184-189.

Engine Performance and Operation

Technical Notes *

3766. Radiation and Recovery Corrections and Time Constants
of Several Chromel-Alumel Thermocouple Probes in
High-Temperature, High-Velocity Gas Streams. By
George B. Glawe, Frederick S. Simmons, and Truman
M. Stickney.

Effect of Ambient-Temperature Variation on the Match-
ing Requirements of Inlet-Bngine Combinations at
Supersonic Speeds. By Hugene Perchonok and Donald
P. Hearth.

. Performance Characteristics of Ring-Oascade-Type

Thrust Reversers. By Jack G. McArdle.

. The Bffect of Forward-Flight Speed on the Propulslve
Characteristics of a Pulse-Jet Hngins Mounted on a
Helicopter Rotor. By Robert D. Pewell, Jr.

Theory and Design of a Pneumatic Temperature Probe
and Bxperimental Results Obtained in a High-Tempera-
ture Gas Stream. By Frederick S. Simmons and George
B. Glawe.

Free-Jet Tests of a 1.1-Inch-Diameter Supersonic Ram-
Jet Bngine. By Joseph H. Judd and Otto F. Trout, Jr.

8922, Analytical Investigation of the Hifect of Water Injection
on Supersonic Turbojet-Engine-Inlet Matching and
Thrust Augmentation. By Andrew Beke.

Experimental Comparison of Speed-Fuel-Flow and
Speed-Area Controls on a Turbolet Engine for Small
Step disturbances. By L. M. Wenzel, C. E. Hart, and
R. T. Craig.

Experimental Study of Heat Transfer to Small Cylinders
in a Subsonic, High-Temperatur¢ Gas Stream. By
George B. Glawe and Robert O. Johnson. Appendix
C: Method Used to Compute Viscosity and Thermal
Conductivity of Combustion Gas Aixtures. By Rich-
ard S. Brokas and Robert C. Johnson.

Experimental Investigation of Temperature Feedback
Control Systems Applicable to Turbojet-Engine Con-
trol. By C. E. Hart, L. 3. Wenzel and R. T. Craig.

Investigation of a Full-Scale, Cascade/Type Thrust Re-
verser. By Robert C. Xohl and Joseph S. Algranti.

3981. Tables of Various Mach Number Functions for Specific-

Heat Ratios From 1.28 to 1.38. By Lewis Laboratory
Computing Staff.

Other Technical Papers by Staff Members

Dimeff, John, and Fryer,, Thomas B.: Capacitance
Pickup Measures Small Forces. BElectronies, vol. 30,
No. 2, Feb. 1, 1957, pp. 143-145.

Glawe, George B.: A High Temperature Combination
Sonic Aspirated Thermocouple and Total Pressure
Probe. Jet Propulsion, vol. 27, No. §, May 1957,
pp. 543-544.

Kohl, Robert C., and Algranti, Joseph 8.: Perform-
ance and Operational Studies of Two Full-Scale Jet-

3893.

3906.

3926.

3934.

8936.

3975,
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Engine Thrust-Reverser Systems. Preprint 113, SAR,
1957.

Miller, Wiliam 8., Jr., Krebs, Richard P., and Blaschke,
Theodore C.: Shaft Gas Turbines for Helicopters.
Trans. SAB, 64, 1956, pp. 848-355.

Rolls, L. Stewart: Flight Experience With Exit-Pres-
sure and Temperature Survey for Thrust Measure-
ments. Proc. of the 2nd National Symposium on
Flight Test Instrumentation, Instrument Soc. Am.
(Pittsburgh, Pa.), 1956, pp. 89-900.

Saari, Martin J.: Thrust Measurement for Jet Trans-
port Gperation. Preprint 94, SAH, 1957.

Schueller, Carl F.: Inlet-Engine Matching and Con-
trol Systems for Sapersonic Airplanes. Office National
d’Ttudes et de Recherches Aeronautiques (France),
Report of International YWorks on Aeronautical Sci-
ences, Part I (Paris, May 27-29, 1957), pp. 27-41.

Useler, James 7VV.: Rffect of Turbojet Compressor
Coolants on Afterburner Combustion. Jet Propulsion,
vol. 27, No. 1, Jan. 1957, pp. 25-27.

Vasn, George: Hxperiments With Optimalizing Con-

trols Applied to Rapid Control of Hngine Pressures

: With High-Amplitude Noise Signals. Trans.
A. 8. M. B, vol. 79, No. 8, Apr. 1857, pp. 481-488.

Waslielewski, Bugene 1V.: Propulsion Wind Tunnel at
NAOA, Lewis Laboratory. Mech. Eng., vol. 78, No. 11,
Nov. 1956, pp. 1007-1012,

Engine Materials Research
Reports

1288. Cooperative Investigation of Relationship Between
Static and Fatigue Properties of Wrought N-155 Al-
loy at Blevated Temperatures. By NACA Subcom-
mittee on Power-Plant Materials.

Technical Notes

3279. Effect of Phosphate Coatings on Temperature of Metal
Parts Hxposed to Flame Environments. By George O.
Fryburg, Norman H. Katz, and Sidney L. Simon.

Influence of Hot-Working Conditions on High-Tempera-
tore Properties of a Heat-Resistant Alloy. By John F.
Bwing and J. YWV. Freeman.

Further Investigation of the Feasibility of the Freeze-
Oasting Alethod for Forming Full-Size Infiltrated
Titanium Carbide Turbine Blades. By H. M. Grala.

The Design of Brittle-Alaterial Blade Roots Based on
Theory and Rupture Test of Plastic Models. By
André J. Meyer, Jr., Albert Kaufman, and William O.
Caywood.

Hent-Capacity Measurements of Titanium and of a Hy-
dride of Titanium for Temperatures from 4° to 15° K.
Including a Detalled Description of a Special Adia-
batic Specific-Heat Calorimeter. By M. H. Aven,
R. 8. Craig, and W. E. Wallace.

Investigation of the NiAl Phase of Nickel-Aluminum
Alloys. By BEdward AL Grala.

A Study of the Impact Behavior of High-Temperature
Aaterials. By H. B. Probst and Howard T. McHenry.

Preliminary Investigation of the Hffect of Surface Treat-
ment on the Strength of a Titanium Carbide—30 Per-
cent Nickel Base Cermet. By Leonard Robins and
Edward 3. Grala.

3031. A Study of the “Toss Factor” in the Impact Testing of

Cermets by the IZOD Pendulum Test. By H. B.
Probst and Howard T. McHenry.

3727,

37689.

3773,

3787.

3027,

3932. An Investigation of High-Temperature Vacuum and Hy-
drogen Furnace Brazing. By Walter E. Russell and
John P. Wisner.

3976. Rupture Strength of Several Nickel-Base Alloys in Sheet
Form. By James H. Dance and Francis J. Clauss.

4049. Influence of Crucible Materials on High-Temperature

' Properties of Vacuum—Melted Nickel—Choromium—

Cobalt ‘Alloy. By P. F. Decker, John P. Rowe, and
J. W. Freeman. h

Other Technical Papers by Staff Members

Brown, William F., Jr.: Strepgth Limitations of High
Strength Steels at Moderately Elevated Temperatures.
Proc. of S8agamore Research Conference ¥. 2, Strength
Limitations of Aetals. Syracuse Univ. Research In-
stitute, Mar. 1956, pp. 258-288.

Holms, Arthur G., and Repko, Andrew J.: Correlation
of Fir-Tree-Type Turbine-Blade-Fastening Strength
with Mechanical Properties of Materials, Trans.
A. S. M. B, vol. 78, No. 6, Aug. 1956, pp. 1251-1256.

Jones, Melvin H., Newman, D. P. (NOTS), and Brown,
William F.: Creep Damage in a Or-Mo-V Steel as
Measured by Retained Stress Rupture Properties.
Trans. A. S. M. B, vol. 79, No. 1, Jan. 1957, pp. 117-126.

AManson, Samuel S., and Succop, George: Stress-

- Rupture Properties of Inconel 700 and Correlation on
the Basis of Several Time-Temperature Parameters.
A. S. T. ML Spec. Tech. Pub. 174, 1956, pp. 40-486.

Mendelson, Alexander, and Alanson, Samuel B.: Prac-
tical Solution of Plastic Deformation Problems in the
Elastic-Range. Paper 56-A-202, A. S. M. H., 1956.

Temes, Olifford I.: Automatic Frequency-Control Sys-
tem for a High-Frequency Resonant-Type Fatigue
Testing Machine. Proc. Soc. Exp. Stress Analysis, vol.
14, No. 1, 1956, pp. 89-98.

Welber, Benjamin: On Some Mechanical Properties of
Super-Conductors. Proc. of the 1956 Cryogenic Engi-
neering Conference (Boulder, Colo., Sept. 5-7, 1956),
Unlv. Colorado (Boulder, Colo.), Feb. 1957, p. 116.

Rocket Research
’fechm’cal Notes

3827. Experimental Investigation of a Light-Welght Rocket
Chamber. By Jobn E. Dalgleish and Adelbert O.
Tischler.

3835. A Study of Sprays Formed by Two Impinging Jets. By
Marcus F. Heldmann, Richard J. Priem, and Jack C.
Humphrey. ) .

3884, Ignition Delays and Fluid Properties of Several Fuels
and Nitric Acid Oxidants in Temperature Range From
T0° to —105° F. By Riley O. Miller.

3035. Hydrogen-Oxygen Explosions in Hxhaust Ducting. By
Paul M. Ordin. .

Other Technical Papers by Staff Members
“Luidens, Robert ., and Weber, Richard J.: A Method
for Evaluatiné Jet-Propulsion-System Components in
Terms of Missile Performance. Canadian Aero. Jour.,
vol. 3, No. 3, Mar. 1957, pp. 96-100.

Sanders, John O., Novik, David, and Hart, Olint B.:
Effect of Dynamic Characteristics of Rocket Com-
ponents on Rocket Control, Preprint 710, Inst. Aero.
Sci., 1957.



66 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS -

ATRCRAFT CONSTRUCTION

Aireraft Structures
Reports
1255. An Analysis of the Stability and Ultimate Compressive
Strength of Short Sheet-Stringer Panels With Special
Reference to the Influence of the Riveted Connection
Between Sheet and Stringer. By Joseph 1. Semonian
and James P. Peterson.

Technical Notes

3684. Large Deflection of Curved Plates. By J. G. Lew, J. A.
Fox, and T. T. Loo.

Compressive and Torsional Buckling of Thin-Wall
COylinders in Yield Region. By George Gerard.

Mechanical Tests on Specimens From Large Aluminum-

3726.

3729,

Alloy Forgings. By James A. Alller and Alfred L.

Albert.

Bending Tests of Ring-Stiffened Circular Cylinders. By
James P. Peterson.

Torsional Stiffness of Thin-Walled Shells Having Rein-
foreing Cores and Rectangular, Triangular, or Diamond
COross Section. By Harvey G. McComb, Jr.

A Study of the Rfficlency of High-Strength, Steel, Cellu-
lar-Core Sandwich Plates in Compression. By Aldie B.
Johnson, Jr., and Joseph 1. Semonian.

Study of Size Effect in Sheet-Stringer Panels. By J. P.
Doman and Edward B. Schwartz.

3735.

3749.
3751.

37586.

3757,
Lips and Bulbs. By George Gerard.

Interaction of Bearing and Tensile Loads on Creep Prop-
erties of Joints. By E. G. Bodine, R. L. Oarlson, and
G. K. Manning.

Analysis of Blastic Thermal Stresses in Thin Plate TWith
Spanwise and Chrodwise Variations of Temperature
and Thickness. By Alexander AMendelson and Marvin
Hirschberg.

Txperimental Investigation of the Strength of Alultiweb
Beams With Corrugated Webs. By Allister F. Fraser.

. Comparison of Theoretical Stresses and Deflections of

Multicell Wings With Experimental Results Obtained
From Plastic Models. By George W. Zender.

3824, Biffect of an Interface on Transient Temperature Distri-
bution in Composite Alrcraft Joints. By Martin B.
Barzelay and George F. Holloway.

Creep Behavior of Structural Joints of Aireraft Materials
Under Constant L.oads and Temperatures. By Leonard
Aordfin and Alvin O. Legate.

Fatigne-Crack-Propagation and Residual-Static-Strength
Results on Full-Scale Transport-Airplane Wings. By
Richard B. Whaley, AL J. AMcGuigan, Jr., and D. F.
Bryan. .

. Fallure Characteristics of Pressurized Stiffened Oylin-
ders. By Roger W. Peters and Norris F. Dow.

Fatigue-Crack Propagation in Aluminum-Alloy Box
Beams. By Herbert A. Leybold, Charles B. Landers,
and Louis W. Hauschild, and Herbert ¥. Hardrath.

Bursting Strength of TUnstiffened Pressure Oylinders
With Slits. By Roger W. Peters and Paul Kuhn.

Experimental Influence Coefficients and Vibration Modes
of o Built-Up 45° Delta-Wing Specimen. By Hldon BE.
Kordes, Edwin T. Kruszewski, and Deene J. Weldman.

A Variational Theorem for Creep With Applications to
Plates and Columns. By J. Lyell Sanders, Jr., Harvey
G. McComb, Jr., and Floyd R. Schlechte.

. Some Research Results on Sandwich Structures. By

Melvin 8. Anderson and Richard G. Updegraff

3758.

3778.

3801.

3847.

3856.

3993.

3999.

4003.

Torsional Instability of Hinged Flanges Stiffened by .

4011. Some Aspects of Fail-Safe Design of Pressurized Fuse-
lages. By Paul Kuhn and Roger W. Peters.

4012. Fatigue-Crack Propagation and Residual Static Strength
of Built-Up Structures. By Herbert F. Hardrath and.
Richard B. YWhaley.

4015. Theoretical and BExperimental Investigations of Delta-
Wing Vibrations. By Bdwin T. Kruszewski, Eldon H.
Kordes, and Deene J. Weldman.

4051. PBffects of Rapid Heating on Strength of Airframe Com-

ponents. By Richard A. Pride, John B. Hall, Jr., and
Melvin 8. Anderson.

4052. Two Factors Influencing Temperature Distributions and
Thermal Stresses in Structures. By William A.
Brooks, Jr.,, George E. Grifiith, and H. Kurt Strass.

4033. The Combinations of Thermal and Load Stresses for the
Onset of Permanent Buckling in Plates. By George V.

" Zender and Richard A. Pride.

4054, Bffect of Transient Heating on Vibration Frequencies of
Some Simple Wing Structures. By Louls I. Vosteen,
Robert R. McWithey, and Robert G. Thomson.

Technical Memorandums

1895. The Fatigue Strength of Riveted Joints and Lungs. By
J. Schijve. From Nationaal YLuchtvaartlaboratorium,
Rapport M. 1952, May 1954

On the Theory of Anisotropic Shallow Shells. By 8. A.
Ambartsumyan. From Prikladnaia Matematika 1
Mekhanika, vol. 12, 1948, pp. 756-80.

On the Calculation of Shallow Shells. By 8. A. Ambart-
sumyan. From Prikladnaia Matematika i Mekhanika,
vol. 11, 1947, pp. 527-632.

On the Theory of Thin Shallow Shells. By A. A. Nazarov.
From Prikladnaia Matematika 1 Mekhanika, vol. 13,
1949, pp. 547-550.

Other Technical Papers by Staff Members

Budiansk\y, Bernard (Harvard U.), and Mayers, Jean:
Influence of Aerodynamic Heating on the Effective
Torsional Stiffness of Thin Wings. Jour. Aero. Sei,
vol. 23, No. 12, Dec. 1956, pp. 1081-1083.

" Heldenfels, Richard R.: Some Elevated Temperature
Structural Problems of High-Speed Aircraft. Trans.
SAH, vol. 64, 1956, pp. 624-533.

Kotanchik, Joseph N.: Bxperimental Research on Air-
craft Structures at Blevated Temperatures. Proc. Soc.
Bxp. Stress Anal., vol. 14, No. 2, 1957, pp. 67-80.

Kuhn, Pdul: Fatigue BEogineering in Aircraft. Fatigue
in Aircraft Structures (Proc. of the International Con-
ference held at Columbia Univ., Jam 30, 31, Feb. 1,
1956), A. M. Freudenthal, ed., Acad. Press (N. Y.),
1956, pp. 205-316.

Zender, George W.: Hxperimental Analysis of Aircraft
Structures by Aleans of Plastic Models. Proc. Soc.
Bxp. Stress Analysis, vol. 14, No. 1, 1956, pp. 123-130.

Aireraft Loads

1424,

1425.

1426.

Reports

1272, A Reevaluation of Data on Atmospheric Turbulence and
Airplane Gust Loads for Application in Spectral Oal-
culations. By Harry Press, May T. Meadows, and
Ivan Hadlock.

1278. Effect of Interaction on Landing-Gear Behavior and Dy-
namic Loads in a Flexible Airplane Structure. By
"Francis B. Cook and Benjamin Milwiteky.
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Technical Notes

3701. Comparison of Several Methods for Obtaining the Time
Response of Linear Systems to Hither a Unit Impulse
or Arbitrary Input From Frequency-Response Data.
By James J. Donegan and Carl R. Huss.

An Investigation of Vertical-Wind-Shear Intensities
From Balloon Soundings for Application to Airplane-
and Missile-Response Problems. By H. B. Tolefson.

An Investigation of the Loads on the Vertical Tail of a
Jet-Bomber Airplane Resulting From Flight Through
Rough Air. By Jack Funk and Richard H. Rhyne.

Initial Results of a Flight Investigation of the Wing and
Tafl L.oads on an Afrplane Equipped With a Vane-
Controlled Gust-Alleviation System. By T. V. Cooney
and Russell L. Schott.

Calculation and Compilation of the Unsteady-Lift Func-
tions for o Rigld Wing Subjected to Sinusoidal Gusts
and to Sinusoidal Sinking-Oscillations. By Joseph A.
Drischler.

An Analysis of Airspeed, Altitude, and Acceleration
Data Obtained From a Twin-Engine Transport Air-
plane Operated Over a Feeder-Line Route in the
Rocky Mountaing. By Alartin R. Copp and Mary W.
Fetner.

Band-Pass Shock and Vibration Absorbers for Applica-
tion to Afreraft Landing Gear. By Emanuel
Schnitzer.

. Calculation of the Moments on a Slender Fuselage and
Vertical Fin Penetrating Lateral Gusts. By John AL
IEggleston.

Theoretical Calculation of the Power Spectra of the
Rolling and Yawing Moments on & Wing in Random
Turbulence. By John M. Eggleston end Franklin W.
Diederich.

Theoretical and Experimental Investigation of Random
Gust Loads. Part I—Aerodynamic Transfer Funetion
of a Simple Wing Conflguration in Incompressible
Flow. By Raimo J. Hakkinen and A. 8. Richardson,
Jr.

Theoretical and Experimental Investigation of Random
Gust Loads. Part IX—Theoretical Formulation of
Atmospheric Gust Response Problem. By A. S. Rich-
ardson, Jr.

. Measurements of Lift Fluctuations Due to Turbulence.
By P. Lamson.

Incomplete Time Response to a Unit Impulse and Its
Application to Lightly Damped Linear Systems. By
James J. Donegan and Carl R. Huss.

Vertical Force-Deflection Characteristics of a Pair of
58-Inch-Diameter Aifreraft Tires From Static and
Drop Tests With and Without Prerotation. By
Robert F. Smiley and Walter B. Horne.

The Response of an Airplane to Random Atmospheric
Disturbances. By Franklin W. Diederich.

Bffect of Spanwise Variations in Gust Intensity on the
Lift Due to Atmospherie Turbulence. By Franklin V.
Diederich and Joseph A. Drischler.

Impact-Loads Investigation of Chine-Immersed Models
Having Concave-Convex Transverse Shape and
Stralght or Curved Xeel Idnes. By Philip AL
Bdge, Jr.

3732.
3741,

37486,

3748.

3760,

3803,

3804.

3878.

3879.

3897.

3909.

3910.

3920.

3940,

3941,
tributions on Thin ‘Wings at High Subsonic and Sonic
Speeds. By John L. Crigler.

3956, Lift and Moment Responses to Penetration of Sharp-
Edged Traveling Gusts, With Application to Penetra-
tion of Weak Blast Waves. By Joseph A. Drischler
and Franklin W. Diederich,

Comparison of Calculated and Experimental Load Dis-

3958. Analysis of Static Aeroelastic Behavior of Low-Aspect-
Ratio Rectangular Wings. By John M. Hedgepeth and
Paul G. Waner, Jr. .

Hxpected Number of Maxima and Minima of a Sta-
tionary Random Process TWith Non-Gaussian Fre-
quency Distribution. By Franklin Y. Diederich.

Charts for Estimating the Effects of Short-Period Sta-
bility Characteristics on Airplane Vertical-Accelera-
tion and Pitch-Angle. Response in Continuous Atmos-
pheric Turbulence, By Kermit G. Pratt and Floyd V.
Bennett.

Some Considerations of Hysteresis Effects on Tire Ao-
tion and Wheel Shimmy. By Robert F. Smiley.

A Summary of Ground-Loads Statistics. By John R.
Westfall, Benjamin Milwitzky, Norman 8. Silsby, and
Robert C. Dreher.

Loads Implications of Gust-Alleviation Systems. By
William H. Phillips.

Investigation at Low Speeds of Deflectors and Spoilers as
Gust Alleviators on a Model of the Bell X5 Afrplane
With 35° Swept Wings and on a High-Aspect-Ratio 35°
Swept-Wing-Fuselage Aodel. By Delwin B. Croom
and Jarrett K. Huffman.

Technical Memorandums

1416. Tests to Determine the Adhesive Power of Passenger-Car'
Tires, By B. Forster. From Deuische Kraftfahrifors-
chung, No. 22,

1422. On Landing Gear Stresses. By A. Gentric.
caero, No. 25, January 1954, pp. 17-38.

Other Technical Papers by Staff Members

Diederich, Franklin W.: The Dynamic Response of a
Large Airplane to Continuous Randomr Atmospheric
Disturbances. Jour. Aero. Sei.,, vol. 16, No. 8, Aug.
1957, pp. 47-51.

Diederich, Franklin ., and Drischler, Joseph A., Jr.:
Unsteady-Lift Functions for Penetration of Traveling
Gusts and Oblique Blast Waves. Aero. Hng. Rev., vol.
16, No. 8, Aug. 1957, pp. 47-51.

Donely, Phillip: The Aleasurement and Assoclation of,
Repeated Loads on Airplane Components. Presented
at the 38rd Meeting of the Structures and Materials
Panel (Langley Field, Va., Apr. 12, 1956), Advisory
Group for Aeronautical Research and Development Re-
port 45. ‘

Duberg, John B.: Aircraft Structures Research at Ele-
vated Temperatures. Presented at the 2nd Meeting of
the Structures and Materials Panel (London, Sept. 5-9,
1955), Advisory Group for Aeronautical Research and
Development Report 3.

Hedgepeth, John M.: Recent Research on the Determi-
nation of Natural Modes and Frequencies of Aircraft
Wing Structures. Presented at the 8rd Meeting of The
Structures and Alaterials Panel (Washington, D. O,
Apr. 10-17, 1956), Advisory Group for Aeronautical Re-
gearch and Development Report 37.

Press, Harry, and Tukey, John 1. (Bell Tel. Labs.):
Power Spectral Methods of Analysis and Application in
Airplane Dynamics. Advisory Group for Aeronautical
Research and Development Flight Test Alanual, vol.
4, Instrumentation, B. J. Durbin, ed., 1956, pt. IV C.

3960.
3092,
4001.

4008.

4058.

4057.

From Do-

Yibration and Flutter
Reports

1257. On the Kernel Function of the Integral Equation Relating
Lift and Downwash Distributions of Oscillating Winga
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in Supersonic Flow. By Charles E. Watkins and
Julian H. Berman. ’

1262. Theoretical and Experimental Investigation of the Effect
of Tunnel Walls on the ¥orces on an Oscillating Airfoil
in Two-Dimensional Subsonic Compressible Flow. By

Harry L. Runyan, Donald S. Woolston, and Gerald S.

Rainey.

1280. Theoretical Investigation of Flutter of Two-Dimensional
Flat Panels With One Surface HExposed to Supersonic
Potential Flow. By Herbert C. Nelson and Herbert J.
Cunningham.

Technical Notes

3644. Lift and AMoment Coefficients for an Oscillating Rec-
tangular Wing-Aileron Conflguration in Supersonie
Flow. By Julian H. Berman. -

3694. Method for Calculating the Aerodynamic Igading on an
Oscillating Finite Wing in Subsonic and Sonic Flow.
By Harry L. Runyan and Donald 8. Woolston.

Probability and Z¥requency Characteristiecs of Some
Flight Buffet Loads. By Wilber B. Huston and T. H.
Skopinski. - X

Incompressible Flutter Characteristics of Representative
Aijreraft Wings. By C. H. Wilts.

Some Measurements of Aerodynamic Forces and Mo-
ments at Subsonic Speeds on a Wing-Tank Configura-
tion Oscillating in Pitch About the Wing Aidchord.
By Sherman A. Clevenson and Sumner A. Leadbetter.

Results of Two Free-Fall Experiments on Flutter of
Thin Unswept Wings in the Transonic Speed Range.
By William T. Lauten, Jr., and Herbert O. Nelson.

Some Experimental Studies of Panel Flutter at Mach
Number 1.3. By Maurice A. Sylvester and John B.
Baker.

Bxperimental Investigation of the Oscillating Forces and
AMoments on a Two-Dimensional Wing Hquipped With
an Oscillating QCircular-ARC Spoiler. By Sherman A.
Clevenson and John BE. Tomassoni.

,4010. Bxperimentally Determined Natural Vibration Alodes of
Some Cantilever-Wing Flutter AModels by Using an Ac-
celeration Method. By Perry W. Hanson and W. J.
Tuovila.

4060. A Wide-Frequency-Range Air-Jet Shaker.
‘W. Herr.

* Technical Memorandums

1402. Aeroelastic Problems of Airplane Design. By H. G.
Kiissner. FProm Zeitschrift Fiir Flugwissenschaften,
volL. 3, No. 1, January 1955, pp. 1-18.

1423. Safeguards Against Flutter of Alrplanes. By Gerhard
De Vries. From La Recherche Aeronautiqué, No. 12,
pp. 15-30, 1949. La Recherche Aeronautiqué, No. 13,
1930, pp. 27-43.

1427. Turbulence in the Wake of a Thin Airfoil at Low Speeds.
By George S. Campbell, California Institute of Tech-
nology. January 1937.

Other Technical Papers by Staff Members
Garrick, Isadore X.: Nonsteady Wing Characteristies.
High Speed Aerodynamicgs and Jet Propulsion, VoL
VII-Aerodynamic Components of Aireraft at High
Speeds, A. F. Donovan and H. R. Lawrence, eds.,
Princeton Univ. Press (Princeton, N. J.), 1957, Sect.
F, pp. 658-793.

Hedgepeth, John M.: Flutter of Rectangular Simply

Supported Panels at High Supersonic Speeds. Pre-
print 718, Inst. Aero. Sci., 1957.

3733.

3780.

3822,

3902.

3014

3949.

By Robert

Regier, Arthur A.: Noise, Vibration, and Aircraft
Structures. Aero. Hng. Rev., vol. 15, No. 8, Aug.
1956, pp. 56-61.

Woolston, Donald 8., Runyan, Harry L., and Andrews,
Robert B.: An Investigation of Hffects of Certain
Types of Structural Nonlinearities on Wing and Con-
trol Surface Flutter. Jour. Aero. Sci.,, vol. 24, No. 1,
Jan. 1957, pp. 57-63.

Aircraft Structural Materials
Reports

1267. Plastic Deformation of Aluminum Single Crystals at
Hlevated Temperatures. By R. D. Johnson, A. P.
Young, and A. D. Schwope.
1280. Development of Craze and Impact Resistance in Glaz-
ing Plastics by Multiaxial Stretching. By G. M. Kline,
I. Wolock, B. M. Axiirod, M. W. Sherman, D. A.
~ George, and V. Cohen.

Technical Reports

3728. Study of Aluminum Deformation by Blectron Micros-
copy. By A. P. Young, OC. W. Melton, and O. AL
Schwartz. . .

Tensile Properties of Inconel and R8-120 Titanium-
Alloy Sheet Under Rapid-Heating and Constant-Tem-
perature Conditions. By George J. Heimerl, Ivo AL
Kurg, and John E. Inge.

Poisson’s Ratios and Volume Changes for Plastically
Orthotropic Aaterial. By Elbridge Z. Stowell and
Richard A. Pride.

Tensile Properties of HE31XA-H24 Magnesium-Alloy
Sheet Under Rapid-Heating Conditions and Constant
Hlevated Temperatures. By Thomas V. Gibbs.

Tensile Properties of AZ31A-O Magnesium-Alloy Sheet
Under Rapid Heating and Constant-Temperature Con-
ditions. By XIvo ML Kurg.

. Some Obsgervations on the Relationship Between Fatigue

and Internal Friction. By S. R. Valluri.
. Static Strength of Aluminum-Alloy Specimens Contain-
- ing Fatigue Cracks. By Arthur J. AlcHvily, Jr,
Walter Illg, and Herbert ¥. Hardrath.
Comparison of Mechanical Properties of Flat Sheets,
Molded Shapes, and Post-Formed Shapes of Cotton-
Fabric Phenolic Laminates. By F. V. Reinhart, C. L.
Good, P. 8. Turner, and I. Wolock. .
. Compressive Stress-Strain Properties of 2024-T3 Alumi-
num-Alloy Sheet at Flevated Temperatures. By Bldon
E. Mathauser.
Compressive Stress-Strain Properties of 7076-T6 Alumi-
num-Alloy Sheet at Elevated Temperatures. By Bldon
- E. Mathauser.
Fatigue Tests on Notched and Unnotched Sheet Speci-
mens of 2024-T3 and 7075-T6 Aluminum Alloys and
of SAE 4130 Steel With Special Consideration of the
Life Range From 2 to 10,000 Cycles. By Walter Illg.
3901. Shear Strength at 75° F..to 500° F. of Fourteen Adhe-
sives Used to Bond a Glass-Fabric-Reinforced Phenolic
Resin Laminated to Steel. By John R. Davidson.

3972. Effect of Frequency and Temperature on Fatigue of
Metals. By S. R. Valluri.

3994. Static Strength of Cross-Grain 7075—-T6 Aluminum-Alloy
Ixtruded Bar Containing Fatigue Cracks. By Walter
Tlig and Arthur J. McRBvily, Jr.

4000. A Phenomenological Relation Between Stress, Strain
Rate, and Temperature for Metals at Elevated Tem-
peratures. By Elbridge Z. Stowell.
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Technical Memorandums

1419, Bffects of Intermittent Versus Continuous Heating Upon
the Tensile Propertles of 2024-T4, 6081-T6, and
7075-T6 Alloys. By G. V. Stickley and H. L. Ander-
gon, Aluminum Company of America. August 1956.

1428, Bffect of Fatigue COrack on Static Strength: 2014-T86,
2024174, 6061-T6, 7075-T6 Open-Hole Monobloc Speci-

" mens. By Glenn H. Nordmark and Yan D. Eaton,
Aluminum Company of America. Alay 1937.

Other Technical Papers by Staff Members

Metz, Florence I. (Iowa State Coll.), Schweiger, Royal
N., Leider, Herman R., and Girifalco, Louis. A.:
Stress Activated Luminescence in X-Irradiated Alkali
Halide Crystals. Jour. Phys. Chem., vol. 61, Jan. 1937,
pp. 86-89.

Willioms, AMorgan L.: On the Stress Distribution at
the Base of a Stationary Crack. Jour. Appl. Mech.,
vol. 24, No. 1, Mar. 1937, pp. 109-114.

OPERATING PROBLEMS
Aircraft Operation

Reporis

1261. The Near Noise Field of Static Jets and Some Model
Studies of Devices for Noise Reduction. By Leslie W.
Lassiter and Harvey H. Hubbard.

1202, Intensity, Secale, and Spectra of Turbulence in Mixing
Region of Free Subsonic Jet. By James O. Laurence.

Technical Notes
38576, Turther Measurements of Intensity, Scale, and Spectra
of Turbulence in a Subsonic Jet. By James C. Laurence
and Truman 3}, Stickney. )
3710. Preliminary Investigation of the Effects of Hxternal Wing
Fuel Tanks on Ditching Behavior of a Sweptback-Wing
Airplane. By Bllis B. McBride.

37063. Near Noise Field of a Jet-Fngine BExhaust. I—Sound

Pressures. By Walton L. Howes and Harold R. Afull.

3704. Near Noise Field of a Jet-Engine Exhaust. IT—Cross
Correlation of Sound Pressures. By Edmund H. Cal-
laghan, Walton L. Howes, and Willard D. Coles.

Impingement of Droplets in 60° Elbows TWith Potential
Flow. By Paul T. Hacker, Paul G. Saper, and Charles
F. Kadow.

Crash Injury. By Gerard J. Pesman and A. Martin
Eiband.

Seat Design for Crash Worthiness. By I. Irving Pinkel
and Edmund G. Rosenberg.

Tentative Method for Calculation of the Sound Field
About a Source Over Ground Considering Diffraction
and Scattering Into Shadow Zones. By David C. Prid-
more-Brown and Uno Ingard.

A Method for Calculation of Free-Space Sound Pressures
Near a Propeller in Flight Including Considerations of
the Chordwise Blade Loading. By Charles E. Watkins
and Barbara J. Durling.

Bxperimental Droplet Impingement on Several Two-Di-
mensfonal Airfoils With Thickness Ratios of 6 ta'16
Percent. By Thomas F. Gelder, William H. Smyers,
Jr., and Uwe von Glahn: )

Ditching Investigations of Dynamic Models and Effects
of Design Parameters on Ditching Characteristics. By
Lloyd J. Fisher and Edward L. Hoffman.

A Theory for the Lateral Response of Airplanes to Ran-
dom Atmospheric Turbulence. By John Al Bggleston.

3770.

3776.

371717.

3779,

3809.

3839,

3046,

3054,

3974. Full-Scale Investigation of Several Jet-Emgine Noise-
Reduction Nozzles. By Willard D. Coles and Edmund
B. Callaghan.

3978. Survey of the Acoustic Near Field of Three Nozzles at a
Pressure Ratio of 30. By Harold R. Mull and John
C. Hrickson, Jr.

Technical Memorandums -

1420. On the Contribution of Turbulent Boundary Layers to
the Noise Inside a Fuselage. By G. M. Corcos and
H. W. Liepmann, Douglas Aircraft Company, Ine.,
December 1956.

Other Technical Papers by Staff Members

Boldman, Donald R.: Simple-Sound Source in a 50- to
300-Foot-Per-Second Air Stream. Jour. Acoustical Soc.
Am. vol. 20, No. 4, Apr. 1957, pp. 532-533.

Cooper, George B.: Understanding and Interpreting
Pilot Opinion. Aero. Eng. Rev., vol. 16, No, 8, Alar.
1937, pp. 47-61, 586.

Gough, Aelvin N., Sawyer, Richard H. and Trant,
James T., Jr.: Tire Runway Braking Friction Coeffi-
clents. Presented at the Joint Meeting of the Flight
Test and Wind Tunnel Panel (Rome, Italy, Feb. 1956),
Advisory Group for Aeronautical Research and De-
velopment Report 51.

Hubbard, Harvey H.: Some HExperiments Related to
the Noise From Boundary Layers. Jour. Acoustieal
Soc. Am,, vol. 20, No. 3, Alar. 1957, pp. 331-334.

Kuhn, Richard B.: Take-Off and Landing Distance
and Power Requirements of Propeller-Driven STOL
Airplanes. Preprint 690, Inst. Aero. Sei., 1957.

Lassiter, Leslie . Hess, Robert W. and Hubbard,
Harvey H.: An Experimental Study of the Reponse of
Simple Panels to Intense Acoustic Loading. Jour.
Aero. Scl., vol. 24, No. 1, Jan. 1957, pp. 1924, 80.

Mickelsen, William R., and Baldwin, Lionel V.: Aero-
dynamic Mixing in a High Intensity Standing-Wave
Sound Field. Jour. Acoustical Soc., Am., vol. 29, No. 1,
Jan. 1957, pp. 46—49.

Povolny, John H., and McArdle, Jack G.: NACA In-
vestigation of Thrust Reversal Techniques. Trans.
SAR, vol. 64, 1956, pp. 542-553.

Regler, Arthur A., Hubbard, Harvey H., and Lassiter,
Leslie W.: Jet Noise Technical Aspects of Sound, vol.
2—Ultrasonic Range, Underwater Acoustics, E. G. Rich-
ardson, ed., Blsevier Pub. Co. (N. Y.), 1957, Chapt. 9,
pp. 357-383.

Regier, Arthur A., Hubbard, Harvey H., and Lassiter,
Leslie W.: Other Sources of Aircraft Noise and Com-
parative Noise Levels. Technical Aspects of Sound,
vol. 2—Ultrasonic Range, Underwater Acousties, E. G.
Richardson, ed., Hlsevier Pub. Co. (N. Y.), 1957, Chapt.
10, pp. 384-304.

Regier, Arthur A., Hubbard, Harvey H. and Lassiter,
Leslie V.: Propeller Noise. Technical Aspects of
Sound, vol. 2—TUltrasonic Range, Underwater Acous-
tics, E. G. Richardson, ed., Elsevier Pub. Col. (N. Y.),
1957, Chapt. 8, pp. 333-356.

Sanders, Newell D., and Callaghan, Edmund B.: Jet-
Engine Nolse Reduction Research at NACA. Noise
Control, vol. 2, No. 6, Nov. 1956, pp. 43-48.
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Aeronautical Meteorology

Reports
1285. Summary_ of Derived Gust Velocities Obtained From
Measurements Within Thunderstorms. By H. B. Tolef-
son.

Technical Notes

3953. A Limited Correlation of Atmospheric Sounding Data
and Turbulence Hxperienced by Rocket-Powered Mod-
els. By Homer P. Aason and William N. Gardner.

3084. Statistical Study of Aircraft Icing Probabilities at the
700- and 500-Millibar Levels Over Ocean Areas in the
Northern Hemisphere. By Porter J. Perkins, Willlam
Lewis, and Donald R. Mulholland.
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Other Technical Papers by Staff Members

Von Glahn, Uwe H.: The Icing Problem: Current
Status of NACA Techniques and Research. Presented
at the 7th Meeting of the Wind Tunnel and Model
Testing Panel (Ottawa, Oanada, June 10-14, 1955),
Advisory Group for Aeronautical Research and D
velopment AG19/PG pp. 203-331. :

Aircraft Fire Research
Technical Notes

3774. Proposed Initiating System for COrash-Fire Prevention
Systems. By Jacob O. Moser and Dugald O. Black.

3973. Origin and Prevention of Crash Fires in Turbojet Air-
craft. By I. Irving Pinkel, Solomon Weiss, G. Mer-
ritt Preston and Gerard J. Presman.

4024. Appraisal of the Hazards of Friction-Spark Ignition of
Aireraft Crash Fires. By John A. Campbell.
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PART I1.—COMMITTEE ORGANIZATION AND MEMBERSHIP

The National Advisory Committee for Aeronautics
was established by Act of Congress approved March
3, 1915 (U. S. Code, title 50, sec. 151). The Commit-
tee is composed of seventeen members appointed by
the President, and includes two representatives each of
the Department of the Air Force, the Department of
the Navy, and the Civil Aeronautics Authority; one
representative each of the Smithsonian Institution, the
United States Weather Bureau, and the National
Bureau of Standards; and “one Department of De-
fense representative who is acquainted with the needs
of aeronautical research and development.” In addi-
tion seven members are appointed for five-year terms
from persons “acquainted with the needs of aeronauti-
cal science, either civil or military, or skilled in aero-
nautical engineering or its allied sciences.” The repre-
sentatives of the Government organizations serve for
indefinite periods, and all members serve as such with-
out compensation. ]

The following changes in membership have taken
place during the past year:

On January 14, 1957, President Kisenhower ap-
pointed Mr. Charles J. McCarthy, Chairman of the
Board of Chance Vought Aircraft, Inc., a member of
the NACA. to succeed Dr. Arthur E. Raymond, Vice
President, Engineering, Douglas Aircraft Company,
whose term of membership expired December 1, 1956.

As a result of his resignation on February 15, 1957,
as Assistant Secretary of Defense (Research and De-
velopment), the membership of Honorable Clifford C.
Furnas on NACA was automatically terminated,
since he was serving as the Department of Defense
representative authorized in the NACA enabling legis-
lation as revised.. Dr. Furnas’ successor on the Com-
mitte has not yet been appointed.

Honorable James T. Pyle, Administrator of Civil
Aeronautics, was appointed a member of the Commit-
tee on March 1, 1957, as one of the representatives of
the Civil Aeronautics Authority. He succeeded Hon-
orpble Joseph P. Adams, Vice Chairman of the Civil
Aeronautics Board, whose membership on the NACA
was terminated December 31, 1956, with the expiration
of his service as a member of the Board

On July 18, 1957, Rear Admiral Wellington T.
Hines, USN, Assistant Chief for Procurement, Bureau
of Aeronautics, Department of the Navy, was ap-
pointed a member of the NACA. to succeed Rear Ad-
miral Carl J. Pfingstag, USN, who had recently been
detached as Assistant Chief for Field Activities, Bu-
reau of Aeronautics.

Following the promotion of General Nathan F.
Twining, USAF, to be Chairman of the Joint Chiefs
of Staff, the President on August 26, 1957, appointed
General Thomas D. White, USAF, a member of the
NACA vice General Twining. General White had just
succeeded General Twining as Chief of Staff of the Air
Force. ]

In accordance with the regulations of the Com-
mittee as approved by the President, the chairman and
vice chairman and the chairman and vice chairman of
the xecutive Committee are elected annually.

At the annual meeting of the Committee on October
10, 1957, Dr. James H. Doolittle was reelected Chair-
man of the NACA and Chairman of the Executive
Committee. Dr. Leonard Carmichael was reelected
Vice Chairman of the NACA and Dr. Detlev W.
Bronk Vice Chairman of the Executive Committee.

The present members of the Committee are as
follows:

James H. Doolitile, Sc. D., Vice President, Shell Oil Company,
Chairman.

Leonard Carmichael, Ph. D, Secretary, Smithsonian Institu-
tion, Vice Chairman.

Allen V. Astin, Ph. D, Director, National Bureau of
Standards.

Preston R. Bassett, D. Sc.

Detlev W. Bronk, Ph. D., President, Rockefeller Institute for
Medical Research.

Frederick O. Crawford, Sc. D., Chairman of the Board, Thomp-
son Products, Inc.

William V. Davis, Jr., Vice Admiral, United States Navy,
Deputy Chief of Naval Operations (Air).

Wellington T. Hines, Rear Admiral, United States Navy, As-
sistant Chief for Procurement, Bureau of Aeronautics.

Jerome O. Hunsaker, Sc. D., Massachusetts Institute of Tech-
nology.

Charles J. McCarthy, S. B., Chairman of the Board, Chance
Vought Aireraft, Inc.

Donald L. Putt, Lieutenant General, United States Air Force,
Deputy Chief of Staff, Development.

James T. Pyle, A. B., Administrator of Civil Aeronautics.

Francis W. Reichelderfer, Sc. D., Chief, United States Weather
Bureau.

Bdward V. Rickenbacker, Sc. D., Chairman of the Board, Bast-
ern Air Lines, Inc.

Louls S. Rothschild, Ph. B., Under Secretary of Commerce for
Transportation.

Thomas D. White, General, United States Air Force, Chief of
Staff.

Assisting the Committee in its coordination of aero-
nautical research and the formulation of its research
programs are four main technical committees: Aero-
dynamics, Power Plants for Aircraft, Aircraft Con-
struction, and Operating Problems. Each of these
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committees is assisted by from four to eight subcom-
mittees, totaling 24 in all. Effective January 1, 1957,
a new Subcommittee on Low-Speed Aerodynamics was
established under the Committee on Aerodynamics in
place of the Subcommittee on Propellers for Aircraft,
to study, in addition to the problems of propeller op-
eration, problems in areas not covered in the previous
NACA subcommittee structure, principally in relation
to the improvement of the landing and takeoff char-
acteristics of high-speed aircraft, and the low-speed
operation of vertical- and short-takeoff-and-landing
(VTOL and STOL) aircraft.

The Committee is advised on matters of policy af-
fectm,: the aircraft industry by an Industry Consult-
ing Committee.

The membership of the committees and then sub-
committees is as follows:

COMMITTEE ON AERODYNAMICS

Afr. Preston R. Bassett, Chairman.
Dr. Theodore P. Wright, Vice President for Research, Cornell
University, Vice Chairman.

. Maj. Gen. Ralph P. Swofford, Jr., USAT, Director of Research

and Development, U. 8. Air Force.

Col. James O. Cobb, USAF, Chief, Aircraft Labordtory, Wright
Air Development Center.

Rear Adm. L. D. Coates, USN, Ass!stant Chief of the Bureau
of Aeronautics for Research and Development, Department
of the Navy.

Mr. Abraham Hyatt, Bureau of Aeronautics, Department of the
Navy.

Capt. Robert L. Townsend, USN, Assistant Director, Research

‘and Development Division, Bureau of Ordnance, Department
of the Navy.

Maj. Gen. August Schomburg, USA, Assistant Chief of Ord-
nance for Research and Development, Department of, the
Army.

Col. George P. Seneff, Jr, USA, Office of the Chief of Research
and Development, Department of the Army.

Mr. Harold D. Hoekstra, Civil Aeronautics Administration.

Dr. Hugh L. Dryden (ex officio).

Mr. Floyd L. Thompson, NACA Langley Aeronautical Labora-
tory.

Mr. Russell G. Robinson, NACA Ames Aeronauntieal Laboratory

Capt. W. S. Diehl, USN (Ret.).

Alr. L. L. Douglas, Vice President, Engineering, Vertol Aircraft
Corp.

Rear Adm. R. S. Hatcher, USN (Ret.), Aerojet-General Corp.

Mr. Clarence L. Johnson', Vice President, Research and Devel-
opment, Lockheed Aircraft Corp.

Dr. A. Kartveli, Vice President, Research and Development,
Republic Aviation Corp.

Mr. Schuyler Kleinhans, Assistant Chief Epgineer, Santa Alon-
ica Division, Douglas Aircraft Company, Inc.

Alr. F. A. Louden.

Dr. Clark B. Millikan, Director, Daniel Guggenheim Aeronauti-
cal Laboratory, California Institute of Technology.

Dr. William J. O'Donnell, Assistant Chief Engineer, Develop-
ment and Experimental, Republic Aviation Corp.

Ar. Kendall Perkins, Vice President, Engineering, AlcDonnell
Aircraft Corp.

Mr. George S. Schairer, Director of Resgearch, Boeing Airplane
Company.

Alr. R. C. Sebold, Vice President, Engineering, Convalr, Divi-
sion of General Dynamics Corp.

Mr. H. A. Storms, Jr., Chief Engineer, Los Angeles Division,
North American Aviation, Inc. ;

Mr. Charles Tilgner, Jr., Chief Aeronautical Engineer (Staff),
Grumman Aircraft Engineering Corp.

AMr. George S. Trimble, Jr., Vice Preside_nt—Ohief IEngineer,
The Martin Company. -

AMr. Milton B. Ames, Jr., Secretary

Subcommittee on Fluid Mechanics

Prof. Willinm R. Sears, Cornell University, Chairman.

Lt. Col. B. W. Marschner, USAF, Air Force Missile Develop-
ment Center.

Alr. B. Haynes, Air Force Office of Scientific Research.

Dr. Frederick S. Sherman, Office of Naval Research, Depart-
ment of the Navy.

AMr. John D. Nicolaides, Bureau of Ordnance, Department of
the Navy.

Dr. Joseph Sternmberg, Ballistic Research Laboratories, Aber-
deen Proving Ground.

Dr. G. B. Schubauer, Chief, Fluid Aechanics Section, National
Bureau of Standards.

Dr. Adolf Busemann, NACA Langley Aeronautical Laboratory.

Mr. Clinton BE. Brown, NACA Langley Aeronautical Laboratory.

Dr. D. R. Chapman, NACA Ames Aeronautical Laboratory.

Mr. Robert T. Jones, NACA Ames Aeronautical Laboratory.

Dr. John C. Bvvard, NACA Lewis Flight Propulsion Labora-
tory.

Prof. Walker Bleakney, Princeton University.

Dr. J. V. Charyk, Aeronutronic Systems, Inc.

Prof. Francis H. Clauser, The Johns Hopkins University.

Prof. Wallace D. Hayes, Princeton University.

Prof. Lester Lees, California Institute of Technology.

Prof. Hans W. Liepmann, California Institute of Technology.

Prof. . C. Lin, Massachusetts Institute of Technology.

Prof H. L. Resler, Jr., Cornell University.

AMr. Ernest O. Pearson, Jr., Secretary

Subcommittee on High-Speed Aerodynamics

Dr. Clark B. AMillikan, Director, Daniel Guggenheim Aero-
nautical | Laboratory, California Institute of Technology,
Chairman.

Maj. Bugene W. Geniesse, Jr,
velopment Command.

Mr. Joseph Flatt, Wright Air Development Center.

AMr. Oscar Seidman, Bureau of Aeronauties, Department of the
Navy.

Dr. H. H. Kurzweg, Associate Technical Director I'or Aero-
ballistle Research, Naval Ordnance Laboratory.

AMr. O. L. Poor 3d, Chief, Exterior Ballistics Laboratory, Ballis-
tic Research Laboratories, Aberdeen Proving Ground.

Mr. John Stack, NACA Langley Aeronautical Laboratory.

Mr. H. Julian Allen, NACA Ames Aeronautical Laboratory.

Alr. Abe Silverstein, NACA Lewis Flight Propulsion Labora-
tory.

USAF, Air Research and De-

.Mr. Walter C. Willinmms, NACA High-Speed Flight Statlon.

AIr. John. R. Clark, Assistant Chief Engineer, Chance Vought
Aireraft, Inc.

Mr. Philip A. Colman, Lockheed Aircraft Corporation.

Alr. Alexander H. Flax, Vice President, Technical Operations
Cornell Aeronautical Laboratory, Inc.

Ar. L. P. Greene, Chief Aerodynamicist, North American Avia-
tion, Inc.

Alr. Robert I. Gustafson, Chief of Aerodynamics, Grumman
Alreraft Engineering Corp.
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Mr. R. P, Jackson, Chief Engineer, Northrop Division, North-
rop Afreraft, Inc.

Mr. 0. J. Koch, Chief of Staff, Advanced Design, The Martin
Company. .

Mr. John G. Lee, Director of Research, United Alreraft Corp. -

Dr. Albert BE. Lombard, Jr., Director of Research, McDonnell
Alreraft Corp.
Mr. Harlowe J. Longfelder, Chief, Preliminary Design, Seattle
Division, Boeing Airplane .Company.
Prof. John R. Markham, Professor of Aeronautical Engineer-
ing, Massachusetts Institute of Technology.
Mr. Albert J. Evans, Secretary

Subcommittee on Aerodynamic Stability and Control

Capt. W. 8. Dlehl, USN (Ret.), Chgirman. .

Mr, Melvin Shorr, Wright Afr Development Center.

Mr. Jerome Teplitz, Bureau of Aeronaufies, Department of the
Navy.

Mr. Joseph E. Long, Bureau of Ordnance, Department of the

Navy.

Mr. J. G. McHugh, Transportation Research and Engineering
Command.

Mr. Charles J. Donlan, NACA. Langley Aeronautical Laboratory.

Dr. J. N. Nielsen, NACA Ames Aeronauntical Laboratory.

Mr. Hubert M. Drake, NACA High-Speed Flight Station.

Mr, M. J. Abzug, Douglas Aircraft Company, Inc.

Prof. Joseph Bicknell, Massachusetts Institute of Technology.

Mr. B. A. Bonney, Applied Physics I.aboratory, The Johns Hop-
kins University.

Mr. W. O. Breuhaus, Cornell Aeronautical Laboratory, Inc.

Mr, J. B. Goode, Jr., Convair, Division of General Dynamics
Corp.

Mr, George S. Graff, Chief of Aerodynamics, AlcDonnell Aircraft
Corp.

Mr, William T. Hamilton, Chief Aerodynamics Engineer, Boeing
Afrplane Company.

Mr, Maxwell W. Hunter, Assistant Chief Project Engineer, Mis-
giles, Douglas Aircraft Company, Inc.

Mr. R. B, Katkov, Northrop Aircraft, Inc.

Mr. Conrad A. Lau, Chance Vought Aircraft, Inc.

Mr, Frank J. Mulbolland, Chief Development Engineer, Repub-
lic Aviation Corp.

AMr. Jack D. Brewer, Secretary

Subcommittee on Automatic Stabilization and Control

Mr. Warren B. Swanson, North American Aviation, Inc., Chair-
man,

Mr, George L. Yingling, Wright Air Development Center:

Dr, Gerhard W. Braun, Air Force Alissile Development Center.

Mr. Williamr Koven, Bureau of Aeronauties, Department of the
Navy.

BMr. J. M., Lee, Bureau of Ordnance, Department of the Navy.

Mr, Karl L. Kocmanek, Signal Corps Engineering Laboratories.

Mr, Charles W. Mathews, NACA Langley Aeronautical Labora-
tory.

Mr. Harry J. Goett, NACA Ames Aeronautical Laboratory.

Mr., A, S, Boksenbom, NACA Lewis Flight Propulsion Labora.
tory. -

Mr, Joseph Well, NACA High-Speed Flight Station.

Mr, M. J. Abzug, Douglas Aircraft Company, Inc.

Mr, Frank A. Gaynor, Aeronautical and Ordnance Systems Divi.
sion, General Electric Company.

Dr. William J. Jacobi, The Ramo-Wooldridge Corp.

Mr. Louls A. Payne, Convair, Division of General Dynamics
Corp.

Mr. Thomas L. Phillips, Raytheon Manufacturing Company.

Mr. Donald J. Povejsil, Air Arm Division, Westinghouse Hlec-
tric Corp.

Dr. Allen B. Puckett, Hughes Aircraft Company.

Mr. O. H. Schuck, Minneapolis-Honeywell Regulator Company.

Dr. Robert C. Seamans, Jr., ROA Aviation Systems Laboratory.
Mr. Bernard Maggin, Secretary

Subcommittee on Internal Flow

Dr. William J. O'Donnell, Assistant Chief Engineer, Develop-
ment and Experimental, Republic Aviation Corp., Chairman.

AlIr. Frederick T. Rall, Jr., Wright Air Development Center.

Mr. Robert B. Roy, Wright Air Development Center.

Mr. R. T. Miller, Bureau of Aeronautics, Department of the
Navy.

Dr. Thomas V. Williams, Office of Naval Research, Depart-
ment of the Navy.

Ar. V. 8. Kupelian, U. S. Naval Ordnance Experimental Unit.

Mr. John V., Becker, NACA Langley Aeronautical Laboratory.

Alr. Wallace F. Davis, NACA Ames Aeronautical Laboratory.

Aflr. DeMarquis D. Wyatt, NACA. Lewis Flight Propulsion Lab-
oratory.

AIr. Donald R. Bellman, NACA High-Speed Flight Station.

Mr. J. S. Alford, Aireraft (Gas Turbine Department, General
Electric Company.

AMr. Bernard F. Beckelman, Boeing Airplane Company.

Mr. John A. Drake, Director of Long-Range Planning and Re-
search Programs, Marquardt Aircraft Company.

Alr. Harry Drell, Lockheed Aireraft Corporation.

Dr. Antonio Ferrl, Polytechnic Institute of Brooklyn.

AMr. Donald J. Jordan, Pratt & Whitney Aireraft, United Air-
eraft Corp. o

Alr. Darrel B. Parke, AMlcDonnell Aireraft Corp.

Mr. M. A. Sulkin, Chief Thermodynamicist, North American
Aviation, Inec.

Alr. William AL Zarkowsky, Grumman Aireraft Engineering
Corp.

Alr. Stafford Y. Wilbur, Secretary

Subcommittee on Low-Speed Aerodynamicg,

Ar. R. Richard Heppe, Department Head, Aerodynamics, Lock-
heed Aircraft Corp., Chairman.

Lt. Qol. George B. Eldridge, USATF, Air Research and Develop-
ment Command. )

Ar. Harvey L. Anderson, Wright Air Development Center.

Mr. Gerald L. Desmond, Bureau of Aeronautics, Department
of the Navy.

Maj. Darrell L. Ritter, USMC, Office of Naval Research, De-
partment of the Navy.

Aaj. William H. Brabson, Jr., USA, Office of the Chief of Re-
search and Development, Department of the Army.

Ar. John Beebe, Office of the Chief of Transportation, Depart-
ment of the Army. -

AMr. O. W. Von Rosenberg, Chief, Flight Test Branch, Civil
Aeronautics Administration.

Mr. Charles H. Zimmerman, NACA. Langley Aeronautical Lab-
oratory. .

AMr. Charles W. Harper, NACA Ames Aeronautical Laboratory.

AMr. AL AL Blair, North American Aviation, Ine.

Mr. James B. Edwards, Douglas Aircraft Company, Inc.

Mr. Robert A. Fuhrman, Ryan Aeronautical Company.

Alr. D. H. Jacobson, Aeroproducts Operations, Allison Divigion,
General AMotors Corp. R

Mr. Frank W. Kolk, American Airlines, Inc.

AMr. J. ML Mergen, Director of Engineering, Propeller Division,
Curtlss-Wright Corp.

Alr. James A. O’Malley, Jr., Bell Airceraft Corp. -

Dean C. Xenneth Razak, School of Hngineering, University
of Wichita.

AMr. W. Z. Stepniewski, Chief, Research and Development,
Vertol Aircraft Corp.
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AMr. Walter Tydon, Chief Engineer, Fairchild Aireraft Division,
Fairchild Engine & Airplane Corp.
Mr. Kenneth B. Ward, Convair, Division of General Dynamics
Corp.
Mr. Ralph W. AMay, Secretary

Subcommittee on Seaplanes

Rear Adm. R. S. Hatcher, USN (Ret.), Aerojet-General Corp.,
Chairman.

Mr. Robert F. Robinson, Air Research and Development Com-
mand.

AMr. Engene H. Handler, Bureau of Aeronautics, Department of
the Navy.

Alr. F. W. S. Locke, Jr., Bureau of Aeronautics, Department of
the Navy.

AMr. Phillip Bisenberg, Office of Naval Research, Department
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Part III.—FINANCIAL REPORT
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tions are as
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Allotmonts
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t Station_ . o

High-Speed Fli
Station . oo

Pilotless Airo:
Western Coordination Office
Wright-Patterson Liaison Office
Research contracts with educational institutions_.________________
Research contracts with Government agenoies
Unobligated balanee__ . __ . . .

Langlcz Aeronautical Laboratory .- __________ PR
eronautical Laboratory_ - . ___
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ireraft Station_ .. ____
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Pilotless

SALARIES AND EXPENSES APPROPRIATION

CONSBTRUCTION AND EQUIPMENT APPROPRIATION

____________ $1, 643,360 |  $1, 623, 981 $1, 840, 000
____________ 24,171,100 | 24, 113, 694 27, 050, 000
____________ 12, 687,200 | 12, 668, 978 14, 035, 000
____________ 21,574 758 | 21, 555, 462 24, 010, 000
____________ 2, 125, 740 2, 117, 607 2, 415, 000
____________ 1, 017, 335 1, 001, 005 1, 095, 000
____________ 24, 405 23, 040 7, 000
____________ 16, 602 16, 421 18, 000
____________ 727, 500 727, 311 410, 000
____________ 188, 500 188, 500 90, 000
__________________________ 139, 601 oo
____________ 164,176,500 | 64,176,500 | 271,000, 000
____________ 7, 696, 000 3, 682, 576 5, 679, 000
____________ 906, 000 598, 372 11, 355, 000
____________ 5, 712, 000 4,107, 118 16, 408, 000
________________________________________ 1, 560, 000
I —314, 000 262, 086 |~ oc oo
__________________________ 85,874,020 | ____
____________ 114,000,000 | 14,000,000 | * 35, 000, 000

ppropriated In the Independent Offices A
Junezgrﬁ Sop

tion A
and the First Bupplementa] Appro on A
27, 1956. 1Includes $1,£00,000 reappropriation p Fh year X

80

1857, ap,
approveg?l oy

%ropﬂ.ated in the Independent Offices Appropriation Act, 1958, approvid
is balance remains available untll expended.



