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Letter of Transmittal

f“Othe 00719Tt?-88of i% Um”ted&%te-s:

In compliance with the provisions of the act of March 8, 1915, as
amended, establishing the National Advisory Commit& for Aero-
nautics, I transmit herewith the For@-thiril Annual Report of the

Committe8 covering the fical yefm1957.

DWrQHTD. lhSENHOTVER.

T-W- Houq

JANUARY2’7,1958
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Letter of Submittal
~ATIONAL ADVISORY Comnmm FORAERONMJ’ITOS

WASEUIWTON,D. ~., Octobw 10,1967.

DEARML l?mmmmm:
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 &mual Report of the Natiomil Advisory Committee for Aero-
rmuticsfor 195’7.

Fifteen years ago this month the Bell P–59, powered by General
Electric 1–16 engin~ made America’s &t 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 @planes
have exceeded three times the speed of sound, &d tactical military
aircraft have flown at twice sonic velocity. The strides we have made

in perfecting ballistk missiles capable of spanning intercontinentxcl
distanceshave been no less significant.

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

Our national security requires that we rather than Russia be fit
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 me prepared to make the newwn-y investments of money
in research facilities and scientific talent. Early acceleration of our
research probgramsto the extent necessary is emmestlyrecommended

Respectfully submitted.
Jaw H. Doomrru+

Oha+man.
THE PmzsmENT,

The TVh~te Howe, Washington, D. 0.
VII
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FORTY-THIRD ANNUAL REPORT
OF THE

NATIONAL ADVISORYCOMMITTEEFOR AERONAUTICS
Washington, D. C., October 1,1957.

To tJte Oongress of the UAkG? A’tates:

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

Since World TVm II the Cwnmittee in its annual re-
ports to the Cmgress has emphasized the urgency and
value of its aeronautical research pro=gcams. They rep-
resent a sound investment in national security.

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

In time of peace research is the first line of defense.
Wars me fought with weapons based on fundamental
principles discovered durhqg years of peace. Research
requires time. Money invested in research buys not
only new lmovrledge but also that priceless commod-
ity-time. In a decade of uneasy peace there has been
a relentless build-up of international pressures that
make critically important a continuingly ti”creasing
aeronnuticnl scientific competence

Limitations on military expenditures mean that ut-
most cnre must be exercised by the military services in
decid~~ which new airplane and missile designs shall
be developed. It is necessary that the National Ad-
visory Committee for Aeronautic be able to provide the
new bnsic information needed by the military and in-
dustry to insure successof the new airplane and missile
designs thnt are selected for procurement. Only an
ndequntely mnnned and financed NACA can do this.

Qunlitntive superiority in the performance of &ner-
icnn aircraft nnd missilesis an essentialobjective. Sig-
ticant ndvnnces are being made, but with each in-
crease in speed, altitude, and range, new and more com-
plex problems arise. New facilities for their scientitlc
investiamtionnre being provided by the Congress, but
our overnll research effort is still not adequate to keep

pace with growing needs. Progws could-be achieved
at a faster rate were scier@lc research kept in advance
of development efforts of the military and industry.
Progress then would be more certain and much less
costly, and &nerica’s relative position in the interna-
tional field would be improved.

A factor that is becomhg 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. Even more serious is the sharp
advance in the real cost of designing and producing the
very complex modem air weaponry which has per-
formance requirementshitherto nnattninable.

Modest increases in appropriations for research have
been largely offset by rising cos@ so that the amount
of research accomplished relative to that required hns
been ~ when it should be increasing. In
addition, the current pay structure, fkxedby law, makes
it more and more dMcnlt to retain irreplaceable top
rank research scientists and engineers, and to recruit a
fair share of talented youqg rewarch-tided 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 engkged in a&elerated programs to provide assist- -
ante 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 diilicnlt prob-
lems that surround development of intermedi~te and
long-range ballistic missiies. These are only two ex-
amples of numerous comprehensive programs of ap-
plied research NACA is conducting.

At the same tinie, NACA is concentrating on basic
problems that MUIbe solved only after years of inten-
sive effort. In rare instances a breakthrough is
achieved, such as the discove~ and development at the
NACA Acnes Aeronautical Laboratory of the blnnt-
IiOSStheory to minimize the missile m-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 F&~ht Propulsion Labora-

Is
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tory on high-energy or “exotic” fuels. ~ ~~fi
program in which both industry and other govern-
mental ngencias me participating, is described on page
2.

Over the yem+ the Congress has appropriated fnnds
for construction of hi@y specialized laboratory fac~-
ities needed by NACA for the study of new problems
associated with supersonic and hyperxmic flighk The
cost of these facilities has been repaid many times in
perforrmmce gains of Americ.amaircraft and missiles.
Now, ns we continue to advance into new aeronautical
frontiers, additional funds will be needed for the com-
plex new research equipment required for the ~ientific
investigation of the new problems.

SUMMARY

The prwsure for governmental economy, couplecl
with the effect of rising costs,has resulted in the genernl
lpvel of NACA research effort compared to tlmt of the
Soviets being lessened -when it should be incren.sing.
Th~ America’s relative yosition in aeronmdicd
science has been deteriorating. There is an urgent need
at this time for a genuine incrense in the level of re-
search effoti

Respectfully submitted.

J~ H. DOOLI’ITLE,
OJ~ahwn.
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Part I—TECHNICAL ACTIVITIES

THE NACA-WHAT IT IS,

During the 42 years since the Congress founded it m
nn independent Federal agency, the National Advisory
Committee for Aeronautics has sought to assess the
current stnge of development of aircraf$ both civil and
military; to anticipate the research needs of aeronau-
tics; to build the scienti6c SW and unique research
facilities required for theimresearch needs; and to nc-
quire the needed new knowledge as rapidly as the
nntiomd intwest requires.

By dischnrgirqgits primary responsibility-scientific
laboratory research in aeronautics-the NACA serves
the needs of all depnrhnents of the Governnmnt. The
President appoints the 17 unpaid members of the Com-
mittee, who report directly to him. They establish
policy and plan the resewch to be carried out by me
7,900 scientists, enginee~ and other persons who make
up the staff of the agency.

The NACA rewmch programs have both the all-
inclusive, long-range objective of acquiring new scien-
tific lmowledge essentialto assureUnited States lwder-
ship in neronnutics and the immediatn goal of solving,
M quickly as possible, the most prwsing problems. h
this vwy, they effectively support the Nation’s current
aircraft nnd missiie construction prcgcam.

Most of the problems to be studied we assigned to the
NACA’S research centers. The Langley Aeronautical
Lnborntory in Virginia works on structural, .gmeral
neroilynamic, and hydrodynamic problems. The Ames
Aerommticnl Laboratory, in California concentrates on
high-speed nerod@mics. The Lewis F&cht Propul-
sion Laboratory in Ohio is a center for powerplant
studies. At the High-Spwd Flight Station in Cali-
fornia specinl fully instrumented research dircraft
probe transonic-rmdsupersonic problems in flight- The
Pilotless Aircraft Research Station at Wallops Island,
Virginin, is a branch of the Langley Laboratory where
rocket-powered free-flight models are used to nttack
aerodpamic problems in the transonicj supersonic, and
hypersonic speed n-mges.

A major task of the NACA since ib beginning in
1915 hns been coordinating aeronautical research in the
U. S. Through the members of the Committee and its
28 technicnl sulwanmittees, the NACA links the mili-
twy and civil government agencies concerned with
figh~ me aviation industry, allied industries, and
scientific institutions are also represented.

AND HOW IT OPERATES

h-siding the Committw in cletwminhqg and coordi-
nating research programs are 4 major and 24 subordi-
nate technical committees with a total membership of
nearly 500. Members are chosen because of technical
abi&, experien~ and recognized leadership in a
special field. They also serve without pay, in a per-
sonal and professional capacity. They fm’nish valu-
able assistancein considering problems relnted to their
technological fields, review rewmch in progress nt
NACA laboratories and in other establishments, rec-
ommend new researgh to be mdertnkenj nnd assist in
coordinating research programs.

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

Research coordination is also accomplished through
frequent discussionsby NACA scientistswith the staffs
of research organizations of the aircraft industry, edu-
cational and scientific instkutioW and other aeronau-
tical agenciw. Through a west coast 05ce the NACA
maintains clew linison with aeronautical resaarch and
engineering staffs in that important wintion men.

The first report of aeronautical resaa.rchpublished by
the NACA covered a study conducted at the Mnsw
cliusetts Instituta of Technolo~ under a resenrch con-
tract. Throughout its existence, NACA has utilized
this means of obtaining the benefits of the special tfil-
ents, unique facilities, and fresh points-of-view of scien-
tists outside its own laboratories. The resulting inde-
pendent thought and novel attach upon research prob-
lems are a continuing stimulus to NAC.4 scientists.
They produce m-ihmbledwtaand theoretical amdyses to
complement internal NTACA resemxh. Thirty-six re-
ports of sponsored ~rch were published during the
fiscal year 1957. Dur@m this year the following 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 Instituti of Techuolo=~
University of Cincinnati
Cornell Univemity
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Nom+ Products Laboratory
Franklin Institute
~rgia ~~~te of Tetiology
universiq of Illinois
Iowa State College
Johns Hopkins University
University of Kentuclq
Light@@ &Transients Research Institute
University of Maryland
MassachusettsInstitute of Technology
University of Michigan
UniversiQ of Minnesota
National Bureau of Standards ‘
New York University
University of North Carolina
Purdue University
Rensselaer Polytechnic Hltute
Southwest Research Institute
Stanford Rwearch Institute
Stanford University
Stevens Institute of Technology
.Syracuse University
Vi@inia Polytechnic Institute
Univer+Q of Washington
Uni-iersity of lQliionsin
Yale University

Proposals froq such institutions are cai-efully
weighed to assure best use of the limited funds avail-
abl~ 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. Tecb_ical Notes and
Reports me not classified for military security reasons
and are available to the public in general. Translations
of important foreign research reports appear rIsTech-
nical Memorandums The NACA also prepares re-
search reports containing classified information. For
reasons of national security, these receive carefully con-
trolled circulation. When such information can be de-
cladied, the research reports maybe 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- .
ilustry, 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 n spe-
cific field of interesL

HIGH ENERGY FUELS RESEARCH

Announwnent was made in 1957 that multi-million-
dolhm installations are being built under military spon-
smship to produca relatively large quantities of chem-
ical fuels for aviation use. This public disclosure
focused attention on one aspect of an intensive+long-
rmge 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 ener=~ content per unit volume ~d
weight than provided by the commonly used petroleum
products, JP+ 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 tl@ had resulted in
production of powerful turbojet, ram je~ and rocket
engines. Very high speeds now could be attained by
airplanes and missil~ but the high rates of fuel con-
sumption of these new engjrm kept range below maxi-
mum military requirements. What obviously was
needed was a fuel that would, as it -were,give more
miles to the .@.lon-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-
ta=- over conventional hydrocarbon fuels of the gaso-
line nnd kerosene @e are su5cient to justify its use.
These include its properties when burned, such asheat-
~~ value, density, air speciiic impulse, rmdfuel-weight

specific impulse. Other questions also hfive to be an-
swered. ~ the substance, or the raw material from ‘
which it is made, generally available? Crm we lemn
how to make it in large quantity, and at remormble
cost? What about toxicity of the substance rmil its
products of combustion?

Since late.1945, at least 11 organizations in this coun-
try, with illCreasingly strong encouragement from the
Militaq Services, have conducted experimental investi-
~@ions of one or more of the many suggested sub-
stances to detertie their suitability ns rLhigh-energy
aviation fuel. The NACA’S work in this area has been
conducted at the Lewis Flight’ Propulsion Loborntory
and is being vigorously continued nt the present
writ@.

The approaches to the problem have been many sided.
Work has included investigation of light metalsas 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 hydrocarbon%
but do not contain as much heat per pound. Studies
were made of the burning characteristics of the light
metals as soliikj and also as finely suspended particles
in hydrocarbon slurries.

Beggjnning 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
typicrd of other metals, led to selection of aluminum
for the fl.rstof 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 wing
alumin~ one that appeared to present fewer com-
bustion proble~ was to use a slurry, i. e., suspending
finely powdered metal in a fluid such m 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 aluminuw magnesium, and
boron were studied most intensively. It was known
that there were other metals thermodynamically com-
petitive with these thre~ but for one reason or another
they were eliminated from the NACA’S investigation
of slurry-type fuels. Aluminum vvasquickly dropped
from the program because of the serious deposit prob-
lem in the combustor amsed 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-
siq wing a hypothetical bomber, heavily loaded, serves
to illustrate the importance of the gains poesible from
use of a magnesium slurry. The “paped’ bomber was
incapable of a tikeoff, without thrust augmentation,
even after using many thousands of feet of runway.
When JT’+1 was used in the afterburner, 43-percant
thrust augmentation was obtained, permitt@ takeoff
over a 10-foot obstncle in 13,500 feek When a 60-per-
cent ma~mesiumslurry 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-
percant magnesium slurry was used with water injec-
tion, 100-percent thrust augmentation was achieved and
takeoff was possible in about 8,000feek

In slurry preparation+ the objective-s have been to
achieve a high concentration of the desired metal in
skble suspension that remains suiliciently fluid to be”
flowed, pumped, and sprayed. Unless proper additives
me employe~ only a muddy mass of metal powder re-
sults when large quantities of fiely 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 how-ledge of the
properties of slurries has been gained, based on the
shhping and sizing of the metal particlw+ the compo-
sition of the fluid, and the concentration of the addi-
tives used. Satisfactory storage-life exceeding 45
dwyshas been accomplished.

Because, speaking generally, the finer the suspended
particles the more stable the slurry and the better it
bu~ preparation of the metal am be extremely im-
portant. Attempts to mill or grind magnesium to
acceptably small tie, using ball or hammer mills, re-
sults muinly in flattening the particles without reduc-
ing them appreciably in size. One laboratory tech-
niqu~ in which magnesium vapor is shock-chilled,
brought good results; of the small quantities of mag-
neshim prepared in this fashion, 50 perwnt of the pnr-
ticles measured less than about 1.5 micron in size (n
human hair is about 50 microns in diameter). Unfor-
tunately, very large and difIicult technical problems
miss if such processes are to be used on qumdity pro-
duction of slurry materials.

Boron, in addition to high-temperature burning, hns
a high heating value per unit weight of fuel, and
consequently is attractive as a means of extending range
ns well as increasing thrust. When J3?-4 hydrocrmbon
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 wonld extend range by 40 percent.
Range extensions resulting from the uses of penta-
borane and a 60-perwnt boron slurry were also calcu-
lated, and were 35 and 25 percent respectively.

Combustion studies wing boron slurries were made
in apparatus rangimg from burners with a 2-inch-out-
side-diameter tube to n lar=w-scale 16-inch-diameter
engine resembling closely the design layout of a typical
ram je~ Early in 1955, the NACA reportkd that the
comple.tastory of how to design a flame holdir hnd not
yet been learned. The high temperature required for
high combustion efficiency destroyed engine parts. At
lower combustor temperatures, deposition of boric
oxid~ a product of combustion, poses problems not the
least of which is low combustion ticiancy.

In the 1955 report+ only recently declmsifi~, it was
concluded that, respecting slurries:

“Combustion of -boron is not at all satisfactory at
presen~ There me still a few research leads to be
tried, however.

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

“The art of burning metals as fuels for aircraft en-
gine9 is now emerging from small-scale research to
resemxh in combustors and engines of ptictical sizm
Continuing problems me production, storing, handling, .
@cl systems,combustor design, and cooling. Plans for
future effort should consider the status of development
of other fuels that conceivably might replace either
boron, or magnesium, or even both.’)

Rewmwh on boron metals in slurry form hti~b”~
,-

termimted at the Lewis laboratory, and intmest’ now



_. -._. _____ _. _____ .- .— —. .—. ._

-4 REPORTN’ATIONALADVISORY

is centmwdon investigating the high-ener~ potentials
of liquid boron compounds. Three reasons led to this
shift in research emphasis: (1) There me higher h@s
of combustion available in liquid boron compounds
than in metallic slurries; (2) the liquid boron com-
pounds are more conveniently handled in aircraft tanks
rmd systems; and (3) liquid boron compounds have
been shown to burn rapidly and with high efficiency,
in marked contrast to the burning characteristics of
boron metal slurries.

In all such h.i@-energy fuel studi~ consideration
of the availability of a materiil is inescapable. Beryl-
lium, for exampl~ ranks at the top of a chart showing
the relative rangw for a ram-jet missile fly@ at a
Mach number of 3 at an altitude of ‘70,000feeti 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
be@ ore, imported mostly from Brazil, India, and
Argentina, were used in the United States. Moreover,
beryllium is highly toxic. ThW beryllium or its com-
pounds, however attractive they may be, based on per-
formance, is not being considered as a possible aviation
fuel.

The availabtity of boron and boron-compound fuels,
is substantially better. While only a very small ton-
naag of boron is now produced annually, there are ex-
tensive deposits of boron-containing salts, notably in
Cdifomia, but also in CM% TibeL Peru, and Canada
These salts are sodium borat~ (e. g., bomx) and cal-
cium borate (e. g., colemanite). Consumption of boron
minerals in the United States has avera=gsxlabout 500j-
000 tons a par, being used principally in soap and
glass manufacture, and for -watersoftening.

Ih 1951, the NACA noted the current market price
for amorphous boron was $12 a pound, and observed
that “alt,hough fairly large sour@ 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 rEwl-
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 besn done to solve.
some of the related problems. Ii addition to lemming
how to establish suitable storagg and han~o methods
for new fuels being considered, it is often necasswy to
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develop pumps, valv~ and related hardware thfit can
handle the high-energy materials.

Up to 1951, only the briefest of experimental com-
bustion research with boron hydrides (bomnes) in
liquid form had been accomplished. Some of the prob-
lems of ~ such as the large production of boric oxide
during burning,’ had bwm defined, but hardly more.
Because of the elaborate and d.iiliculbchemical proc-
esses in their manufac~ diboram+ pentabomne and
other boron compounds -were priced in the hundreds
of dollan per pound, and were manufactured only in
very small, pilot-plant batches.

“There ati fuels other than hydrocarbons that offer
performance improvement for ram jets that can ‘be ob-
tained in no other way;’ the NACA notwl in 1951 in
a report on research on ram jet engine fuels. “Much
cheaper boron and boron-derived fuel is needed,” it
said, dwaibiug existing costs as being “fabulously
eq?ensive.”

The attractiveness of the boron compounds, “so very
superior for long-range ram-jet propulsion,” cmuwd
the hTavyin 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 us% to learning how to produce the
new materirils,if not commercially, at least less expen-
sively than before.

For its pa% the NACA in the past 5 years has con-
centrated on studying the combustion characteristics
of the boron%ompound fuels. Because of earlier ex-
perience in the field and the specialized labomtory
facilities the% wientists at the NACA’S Lewis resemch
center -werecalled upon to burn by far the largest pmt
of the boron fuels compounded through 1957.

When n 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 seeksways and
means that will enable the engine to tolerate boric
o~de.

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

THE RE-ENTRY PROBLEM

Development of b@listic missiies capable of crossing enatieering problems of guidance, structures, nnd pro-
intercontineutal distances ~ a matter of gwt national pulsion for missiles, it may be said with confidence that
urgency, supported by bilhons of dollars. Without un- solutions for these-problems are being found as a result
derskting the difficulty or complexity of scientific and of the ~gwat research and development effort being
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made. l?nrdifferent aretheprobl~ posed by aero-
dynamic heating.

The long-rruqgeballistic missile, moving many thou-
sands of miles per hour w 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-rangg
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; powerplnnt invwtiggtions at the Lewis
Laboratory; Aructi and nerodynnmic research at the ‘
Langley Laboratory and at the latter% Wallops Island
Pilotless Aircraft Research Station—ill have contrib-
uted to the growing fund of mide technolo~.

Two considerable d.iflicultiesheld up rapid progress:
The need for a simplified analytical understanding of
the importnnt fundamentals, and the equally vital m-.
quirement to learn ways to duplicate in the laboratory
the true temperatures, speeds and gas dynamiw 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 nt its Ames Aeronautical Laboratory toward
eventunl solution of the heat problem for missiles. One
was a new concept of shaping the missile nose con%
postulated by H. Julian Allen. The second was the
desia~ by Dr. A. J. 13ggers, Jr. of a relatively simple
laborrdory tool to simulate with useful accuracy the
aerodynamic heating and resulting thermal stressesex-
perienced by a mide entering the atmosphere.

Allen’s concept, essentially complei%d in 1952, I=
suited from an wmlysis of the fundamental forces act-
ing upon missiles enteriq the earth’s atmosphere at
high supersonic speeds. The study sought ways by
which a missile desigger could minimize aerodynamic
heating. It emphasized the convective heating prob-
lem including the total heat transfer, and the maxi-
mum avern=wand local rates of heat transfer per unit
of missile arm. At the outset Allen determined that
the heat quantities to be dealt with depended on the
ratio of pressure drag to *US or friction drag. This
concept assertedthat the most promising variable which
a desieger could alter in his favor was pressure *’
By shaping the nose cone to achieve hQh pressure *>
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 fofid
most f worable generate a strong bow shock wave in
front of and detached from the nrk-slenose. Creation

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

Fo; a ditlerent class of missiles, for which the re-
entering. body is much larger. and heavier than those
of current interest, analysis points to long, slender
shap~ which nevertheless retain as much nose rouud-
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 rernfiins
the inescapable price to be paid for the hypersonic
speed at which the ICBM phuqges into the earth’s at-
mosphere. Temperatures may climb more than 100°
F. per syxmd 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 mi.%ile is the penal~ for exces-
sive heating. To avoid this penal~ designers require
detded lmowledge of the several ways in which failure
may take place. Perhaps the most serious me the high
thermal stresseswhich develop in the missile structure,
stressw of much greater magnitude than those pro-
duced by aerodynamic fo~ in themselves not small.
High temperatures may also raise the structural ma-
tmial to its weakening poin~ again producing failure.
And finally, aerodynamic haling may be so intense
that the missile may be consumed as if it were a flmrchqg
meteor.

Eg~rs ~ 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
ailirmative answer was followed in 1955 by the pre-
liminary desi=m of equipment vvhick 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 aerodymunic heating and resul@~ thermal
streses in a ballistic missile are these: The test model
and missile must be similarly shaped aqd made of the
.wne material; model and missile must have the same
fight 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, tie sim~tcm test cly-unb’er
must contain air with density vwmtions along-the
model ilight path equ~ to those in the ac.$ualatmos-
phere through which the missile -would dewed. fi
the simulation the, time scale of flight is greatly fore-.
shortened. .. .
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Means for wttain@ the necessary model flight speeds
were already at hand. The hes Laboratory for years
had been reilhing the tech.giquesof gun-launching aero-
dynamic models and studying their reactions in actual
~uht. As early as 1955,gun-launched models had ken
driven to speeds of 10,500 mph in the laboratory, a
veloci~ 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
launchem capable of providing the full-scale velocities
required for useful simulation, and the progress at-
tained strongly sugatied 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
fwt, Eggers proposed using a supersonic nozzle of spc+
cial trumpet-shaped design. He detqnined that he
could obtain a variation in air densi~ 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 atmospher~ and while flying the 20-foot
distance through the special nozzle to the upstream
settling chamber would pass into ever-denser air to
duplicata the tlight history of the fall-scale missile.
He calculated he could simulate the aerodynamic
heating experienced by a ~000-mile range fl-foot di-
ameter mk+le -weighing 5,000 pounds by a model ody
0.36 inches in diameter weighing 0.005 pound.

It was recognized fully that the simulator could
never be used to duplicate a.ZZof the complex
mechanism of aerodynamic heating present during
atmospheric entry at very high speeds. hTeverthelew
the most important conditions of extreme heat transfer
and thermal stress could be created in the simulatnr.
Furtherj 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
@ght tests. In September 1955,Eggers wrote, “h the
simplest tes$ the simulator could provide with one pho-
toagaph of a model rather substantial evidence as to
-whetheror not the corrwponding missile -wouldremain
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 Am= 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.

Includad amo~~ the aerodynamic problems which
must be understood to guaranteethat a particular inter-
continental ballistic mis.silawill remain essentially in-

tact during atmospheric entry are the same character-
istics of fo~ momant and stability that are of concern
for any aerodynmnic shape. For the ICBM warhead
or nose they are particularly critical because of the
special shape it requhs to withstand aerodynamic heat-
ing, and b~ause of the necessity for precise control of
the vehicle’s trajectory throughout the wide range of
tlight conditions it will traverse. Extreme tempera-
tures generated du.ri-qgatmospheric entry chnnge the
physical properties of ‘he air through which the missile
is moving and we must lmow the mechanisms of change
in greatnr 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 hbormtories existing
facilities have lent themselves to intensive, systematic
study of many phases of the complex problem, New
facilities, only now becoming available, will permit
broadening the areasunder scrutiny.

For example, at Langley forcw 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 supemonic speeds. Supersonic wind tunnels
have provided form measurementsand pressure distri-
butions at Mach numbers up to 3.5, and an “lI-inch
hypersonic wind tunnel is being used simihwly nt 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 shtidowgraph flow pictures
of scale models fired through instmunented n-maw.

Valuable correlations from actual flight nre obtained
from the Pijotless Aircraft Research Station nt Wol-
lops Gland, Va. Here rocket-powered resenrch 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” trajectorieshas
been performed by NACA scientists. The iir-sttwo 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 it9 trajectory. In one importrmt flight, a Wallops
Island test model warned designers that then-current
estimate9 of the areas of laminar flow over n tie
were too optimistk

The amount of heat which enters the shell nnclstrw
ture of an ICBM depends importantly upon where air-
flow in the boundary layer near the surface of the mis-
sile changes from laminar, or $mooth, to turbulent.
Flow at the nose of a body usually is laminrm,continu-
ing rearward until disturbances grow and the flow
becomes turbulent Inasmuch as heat transfer is less in



REJ?ORTNATIONALADVISORYCOMMJ?M’EDFORAERONAUTK!S 7

the region of lwnimr flow, methods of dela@g as far
as possible the onset of turbulence are important re-
search objectives. Detailed understanding of the very
complex mechanisms which hip a ltiar airllow into
turbulence has long been a research goal Surface
roug~m, pr~ure distribution over a body and rela-
tive temperatures of the missile and the smTounding
air are some of the factors which determine the point
of transition. At the Langley Laboratory supersonic
wind tunnels, supersonic jets, and a hypemonic 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 supetionic tid -e~
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
e~erienw, air may be expected to dissociate ~d bs-
come ionized. The oxygen molecule ti break into two
separate oxygen atoms, some of ~fich may 10SS~
electron and thus acq@re 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 -wouldbe
destroyed. Consequently it has been necessary to em-
ploy in studying these phenomena a shock tube in
which flow at very high temperature is accomplished.
In this device the rai%s at which air molecules dis-
sociate and recombine in a realistic tempemture en-
vironment are being measured. Other studies have
sought to establish that simulation in the shock tube is
Q valid duplication of the conditions in actual missile
flight.

High temperature jets have found a place among
the researchtools useful to scientistsprobing the funda-
mentals of high veloci~ missile @ht. At the Lsmgley
Laboratory an acid-ammonia rocket jet provides a
stream of gas at a stfgmkion 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 fwt per second. Also an ethylene-air com-
bustion products jet 12 inches in diameter will yield
stagnation temperatures of 3,500° F. and vebcities 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 incandewmt 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 reseam~ capable of developing temperatures

1

of 12,000” Fahrenheit and heating rates as high as
2#00 B. t. u. per square foot per second for test-
ing times of many swonds. These am the heating
rates and temperatures which will occur during im ac-
tual ICBM penetration into the earth’s atmosphe~ and
no research tool previously at hand could reproduce
exactly these conditions. In the equipment now being
used, a high int.emsi~ electric arc imparts energy to
compressed air to raiw the air pressure and tempera-
tures. Hot h.Qh pNSS1.lmair is then discharged
through a nozzle to produce a supersonic jet.

The arc-jet is particdarly useful in fiding out ho-iv
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 rata of ablation or loss of
surface material; chemical interaction between the
metal and we hot air jet; spilling due to thermal shock
and other phenomena which must be understood in
detail.

Increasing lmowledge of the tempqraturw to be’ en-
countered has made more iicm the requirements for
materials able to tive the conditions of hypemonic
fight. One approach to the materials question has
been h 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 efiicient
solutions are dwi.rabl~ bringing with them advantages
in structural design and reductions of overall missile
weighL Metals such as tungstan and columbium have
very high melting points and other favorable properties
at elevated temperatures. They have, however, a sari-
ous drawback; they are subject to rapid oxidation when
heatad in air. For this rea-so~ 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 don% the full potential
of the metal may be used in absorb~ hea~ thereby
effectively reducing the convective heat input and rais-
ing the rate of radiation away from the missile skin
by permitting a much higher operating temperature at
the outer surfai-e.

Coding methods also command attantion. Studies
at the &ues and Langley Laboratcmk have demon-
strated usefulness in a method of transpiration cooling
in which a coohmt is f owed through a porous outer
surface of a missile. Another tdmiqne 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 scientin% have worked closaly with
the military organizations and industry groups engaged
in developing Mwccmtinental and Marmediate Range
Ballistic Missiles. Every effort has been made to as-
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sure that newly won ldoratol~ knowledge pase.s rap- in heating resistamo, aerodpamic stabilky ond ease
idly into the -industry. NACA staff members fre- of packaging. This and other contributions have made
quently furnbh consulting services, and in one recent NACA a key organization in this major national
instance, proposed a redesigned missile shap~ superior undertddng.

AERODYNAMIC ,RESEARCH

One of the prereqnisite9 to either maxmed or un-
manned fliight through and beyond the earth’s atmos-
phere and at speedsup to satdita velocities is a greater
lmowledge and a fuller understanding of the funda-
mental problems of fluid mechanics of hypewnic flows.
During the past year the NACA has increased its em-
phasie on this area of research. Much thought md
ingenui~ has ~me into the development of suitable
frmilitiesand techniques for laboratory studies of high-
speed gas flows at very high temperatwm. In a nmn-
ber of _ experimeni%l rwults have been obtained
which constitute a valuable complement to earlier
theoretical work

The continuing need for more detailed research in-
formation for design of newer and faster supersonic
airplanes and missiles has required that this area of
aerodynamic research also continue b receive a great
dwd of attention. The goals here cuntinue to be higher
performance, greater efficimcy, and improved stability
and controllability over an ever-widening rangg of
speeds and altitudes. The more advanced supersonic
airphine configurations have m turn made the prob-
Ieti of flying and handling qualities more diflicult at
low speeds for takeoff and larding. lh summary, then,
the range of speeds and aItitudes of interest in aero-
dynamic research has continued to expand as in other
yea~ but at a greater pace than lmfore.

More detailed information on NACA =mh in
aerodynamics will be found in the pages that foIIow.
In a report such as tl@ however, it is impossible to
include all of the information that may be of inte~
From the varie~ of programs undertaken we have se-
lected some of those which seem to be representative.

FLu-m MECHANICS

We are witnessing a very rapid advahca in the speed
of flight of aircraft and missiles. This spurt in ~er-
formanca began several years ago and has continued
at an ever-increasing pace. Under the pressure of mili-
tary need our greatly expanded performance goals
bve 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 diflicult and pressing problems that
appears as a consequence of high-speed fl!ghfi is that
of aerodymuoic heating, and the NACA’S research ef-
fort in fluid mechanics, although diversified and exten-
sive, has during the past few years experienced o shift
in emphasis toward this and related problems. The
discusion in the paragraphs following reflectx this
shift in emphasis and reports progress on a few selected
problems related largely to the high-speed heating
question.

Boundary-Layer Transition

The problem of the transition of boundary layem
from ke laminar to the turbulent state is of basic im-
portance in the heating of aircraft surfaces and in the
friction drag, because rates of heat tramsfer and skin
friction may be many times larger for a turbulent
boundary layer than for a laminar layer. The problem
of boundag--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 faotors such as Mach number, Rey-
nolds number, heat transfer rate, surface roughmw,
body sha~ aimtream turbulenc~ noise, and otlier
itams. Neverthel~ because of the increased impor-
tance of the transition question for very-high-speed
aircraft and misil~ a considerable effort is being made
to obtain a better understanding of the phenomena
involved.

From wind-tunnel experiments there have been sev-
eral signi6cant new findings. one of these is that for
the case of basically slender aerodynamic shap~ a
slight blunting of sharp leading edges promotss a sub-
stantial f nvorable effect on the Reynolds number nt
which transition from laminar to turbulent flow takes
place. Another finding -which appeara to be of poten-
tial importance but vvhich probably must be regarded
as prelimina~ until additional experiments are in
hand has to do with a phenomenon of %ransition re-
versal due to overcooking.” It has 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
l@h-speed @ght) stabilizes a laminar boundary layer
and makes it more resistmt to certain kinds of disturb-
ances Recent supersonic wind-tunnel experiments on
bodies of revolution cooled to low temperature with
liquid nitrogen, however, produced unexpected results.
It -wasfoumd that at the lowest body temperature%the
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varintion of transition Reynolds number with tempera-
ture was opposita to that observed in the same and
other wqyximents with more mod~ 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
known. Additional experiments are being mncle, in-
cluding free-flight tests, to shed further light on the,
problem.

Research has been conducted during +e past year
in wind tunnels and in free fl.igh~ and at low speeds
and high spee&+ to study the role of roughness in the
transition question. The low-speed work pefiormed
with roughness in the form of distributed Carborundum
grains on an a- demonstrated &distinctly di@rent
behavior of the transition process in the presence of
distributed three-dimensional roughness over that pre-
viously found for two-dimensional roughness elements.
The work also produced critaria regarding the critical
roughncsa height. The reeearch on roughness effects
nt high speeds Showed the predominant part played by
even very small amounts of roughness on boundary-
in.yertransition.

Becwsa of extraneous disturbances usually present
in wind tunnels (such as airstream turbulence and the

~ existance of wall-generated pressure disturbances) and
because of limitations on obtainable Reynolds numbers
nnd in the simulation of air and body tempera- it
is neceswwy to conduct certain critical experiments in
free flight in which the extraneous influences can be
eliminated. An extensive program of free-flight ex-
periments using rockebpowered models has been in
progr+ in which a number of special models repre-
senting both blunt-missile and slender-airplane shapes
have bem flown at hypersonic speeds and under real-
istk conditions of Reynolds nuniber and tempera-
New, large-scale, high-Mach-number data have thus
been obtained on a number of questions such as the
effect of roughnes, nose shape, and body surface tem-
perature on bent transfer, skin friction, arid boundary-
lmyertransition.

Blunt Body Solution of Missile Heating

During the past year the rwuh% of some earlier re-
search were announced dealing with the motion and
heating of long-range ballistic missiles on recentering
the earth’s atmosphere. Prior to the time that these
research results were available, the work d&ding with
vn-wheadshapes for ba~lc missiles wnsidered pri-
marily slender aerodynamic conQurafions inherited
from earlier research findings which were concerned
mainly with efficient supersonic ~mht. The study in
question showed that the slender body suffered greatly
from aerodynamic heating and tha~ inasmuch as flight
eficiency 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 Am+ Aeronautical Laborato~, re-
ceived the Committee’s hiagjhesthonorary award for his
contribution.

Research on the problems associated with the use of
blunt ICBM warheads has progressed during the past
year. Experimental resear~ both flight and wind
tunnel,has beeMconducted with the objective of refl.n-
ing these blunt shapes to reduce the heating further.
Studies have been made of the boundary-l~er transi-
tion problem for the special case of extremely blunt
bodies.

One problem that has occupied the attantion of a
number of invwtigators 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 discused in the pr-

eceding paragraphs are of necessity conducted under
conditions for which the air flow is that of a thermody-
namically.perfect gas. Iii the case of theoretical work
the as.unption is usually made of an ideal gas; in the
case of experiments the temperatures are often in the
range where the air behaves as a 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 tam-
peratuhm, under which conditions the collisions among
the air molecules are energetic enough to initiate ioniza-
tion+ dissociation, and chemical reactions. These ef-
fects cause large changes to take place in the funda-
mental properties of the air, such as the heat capacity,
molemdar weight etc., which cause important devia-
tions in air temperature and flow fields. These are
lmown as “real-gas” effects. A number of investi=n-
tions have been made during the past year of several
aspects of this proble~ 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 bodk Some results of
these studies deal with the formulation of a theoretical
method for the calculation of dissociation effects in h
flow not in chemical equilibrium and with the fcmmdn-
tion of flow equations across oblique shoch in hyper-
SOIliCflO~ in chemical equilibrium.

Heat Transfer

If the state of the boundary layer is lmown, that is,
whether it is lamimw 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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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 ca~, for exampl~ tire
cones, ogives (or bulletlike nose sections), hemispheri-
cal nosw, flat platw, 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, interfer@ flow fields,
flow around bodies and low-aspect-ratio wingg at high
angles of attaclq 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
memurements on the heat transfer at supersonic speeds
to bodiei 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 bh.mt-
ing for slender airplane shapes has also been found to
be effective in reducing generally the extremely high
bent transfer rates encountered at the leadiqg edges
of wings and noses of bodies, and in fac$ is found to
be necessary to prevent the destruction of these critical
heating areas under conditions of hypersonic @ht.

Another related finding has been announced vvhich
is of particular importance to airplane and winged-
missile application% and that is the large favorable
etlect of wing leading-edge sweepback on aerodpmmic
henting. Large amounts of sweepback were found to
have the dual advantage of provi~~ a direc$ reduc-
tion in the heat input and of reduc~~ the drag of
blunted leading edgys which, as mentioned, are neces-
sfLL’yto resist the henting.

Hypersonic Research Techniques ,

An extremely ditlicult and persistent problem has
been that of devising techniques for experimental re-
senrch on the problems of hypersonic flighk It is dM-
cult because of the extremely high temperatures in-
volved and persktent because no completely satisfac-
tory solution is yet in sight. ~evertheless, progress
vms made during the past year on several different ap-,
pronchw. 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 me relatively lo~~, and models are large enough
to be properly instrumented for the simultaneous
measurement of various important factors. &de
from W3icult problems of mechanical design and in-
strumentation, one of the principil problems has been
that of finding means to provide the needed increasw
in flight speed rapidly and at a minimum cost. This
has been accomplished through developments in muM-

ple staging of various solid-propellant rocket motors,
Probgess has keen gratifying.

A considerable effort has been put on the study of
a number of laboratory techniques for hypemcmic re-
search. One of these, the ballistic technique, is some-
what similar in its problems to the rocket-model
method, except that models are H from high-velocity
~- and are necessarily much smaller. One of the
major problyns has been in the development of the
liu.mchi@ guns themselves and progress has been such
that model laumching speeds in exces of 10,000 miles
per hour have hen achieved. A new scheme of inter-
est for studying certain problems in connection with ,
the entry of ICBM -warheadbodies into the atmosphere
is called an “atmospheric m-entry simulator.” The
technique involves the firing of a high-velocity model
upstream into a long hypersonic tuunel in which there
is a variation in air density s~ar to that encountered
by a full-scale warhead entering the atmosphere As
of the time this report is writt~ preliminary experi-
ments are bei@ 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 mad% however, to
apply it to speeds appreciably higher than this, if air
is used as the test medium and if test~u times me to
be reasonably long, the methcd is beset with great difE-
culties. The problem is basically that of generat@,
centaining, 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 bean made along several lines

One promising new development makes use of a spe-
cial ceramic heat exchamger. In this scheme the wind
tunnel settling chamber is a ceramic-lined steel tank
filled with a mass of ceramic pebbles. In operation,
after the pebbles have been preheatsd, compressed air
is brought into the t~ passed through the pebble
bed and heq and then exhausted through a vvater-
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 prwe to produce a Mach
number 2 flow with stagnation temperatures up to
about ~000 degrees Fahrenheit. Wlthiu the past few
months a second, larger piece of apparatus has been
completed capable of operation in the same tempera-
ture rangg with greater flow rates and with a sta5wa-
tion pressure of about 1,500 pounds per square inch,
permitting increases in teat section size and test Mach
number.

Prevention of the destructi~n of the nozzle throat,
where heat transfer rates are critically l@h, lms po~d
an important problem with the high-tempernture hy-
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personic wind tunnel. For the presen~ water-jacketd
stainless steel nozzles have provided a workable solu-
tion. As design pressures and temperatures continue
to r% 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 h 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 purpos~ investi-
gations have been underway on the heat@ of air by
electric arcs, and several small laborato~ devices have
been built which produce extremely hot supemcmic air
streams with temperatures in the neighborhood of 15,-
000° F. Such air streams suiler from contamination
from vaporized electrode material and their chemical
and physical Statw 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 vvarrantcontinuing
study.

Other methods which involve short testing timeshave
also bean under investigation and development. These
make use of heating of air by rapid compressio~ either
by means of a piston or by means of shock mm-es (i. e.,
the shock tube device).

Cerhin 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 operata 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.

Mag-netc4asdymm.ica

Under conditions of extreme temperature en-
countered at higher hypersonic spee~ electrons are
knocked out of the atoms of the gases of vvhich air is
composed, with the result that the air becomes ionized
and electrically conducting: This circumstaimameans
that there exists the po~bili~ of exerting powerful
forces on the air by the application of electric and mag-
netic fields. Thus a new field for research is opened
dealiqg with “the flow of electrically conducting fluids’
in the presence of electric and magnetic fiel~ -which
has bmn variously’ called maagneto-gasdynamix+mag-
neto-aerodynami~ and magneto-hydrodynamics. Re-
semch on this subject directed toward aeronautical ap-
plications is just beginning but new developments are
to be expected. One study reported dm-ing the past
year involved a theoretical ardysis of the effect of a
ma=meticfield on the heat transfer and skin friction in

the boundary layer of a conducting fluid on a flat plate,
One of the f3.ndingswas that a magnetic field transverse
to the flow and fied with respect to the plate caumd m
reduction h both heat transfer and skin friction but
caused an increase in the total drag force on the .plnte.

HIGH4PEED PERFORMANCE

High speed is a relative term which a few yems ago
embraced the speed range near the speed of sound.
However, great strides have been made in the lust few
years in improving the speed, range, and operational
capabilities of military and commercial aircraft. Some
military aircraft now operate supersonimlly nt more
than one and a half times the speed of sound at alti-
tude, and missiles are flying nt several times the speed
of man-carrying aircrm% Design studies we being
made to attain even higher speeds and altitudes and n “
research airplane is being constructed to explore the
problems of manned flight fit very high speeds mndrdti-
tude.s.

Recent achievements in advancing mticraft perform-
ancehave been brought about by a major research effort
in which the NACA has played a leading role. It is
not possible b 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
vvay 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 supelaonic
speeds is the proper orientation and shaping of nir-
craft components to minimize the drng or resistance
resulting from unfavorable iuterferenm effects. A
clear understanding of the nature of the supemonio
flow fields around airplanes rmd missiles is required,
therefore, if aircraft are to be efficient and hove goocl
flying qualities.

In addition to affecting airplane and missile per-
f ormance, aerodynamic interference also affects the fiir
loads or pressures the structure must sustain, znd the
stability and control of ‘the vehicle. The lntter two
it.amsme discussed in other parts of this report. Per-
formance as treated here is concerned mainly with lift
and drag.

The drag of an airplane or missile can be broken
down into three major parta, namely the form drng,
friction drag, and drag-due-to-lift. The form drag, ns
the name implies, is caused by the form, or shwpe, of
the aircraft. Drag-due-to-lift is an ndditiomd drng
force that is caused when lift is developed on the wings
an-dbody. The total drag of the confi~~ration tvhich
must be overcome by the thrust of an engine is the
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sum of the friction drag, +lm form drag, and the drag-
due-to-lift,

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

The transcmic 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 tuunels at
the Langley Laboratory, improved lift-to-drag d3i-
ciency has betm obtained in the supersonic speed range
up to about twice the speed of sound.

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

At the Ames Laboratory a unified design method
has been developed for predicting wing-body and wing-
body-tail interfercma 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” cambemd wing, so
named becansa 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 ratio% taper ratios, leading-edge sweep% design
lift coefficients, and with varying extent of the cam-
bered mea, to delineate the limits to which the lift-
drng efficiency is improved. Test results have shown,
in general, that the maximum lift-drzqg ratios of tri-
angular and mveptback wings cambe increased at high
subsonic and low supersonic speeds.

Complete Aircraft Conjurations

In addition to the wing, fuselag~ and tail, a com-
plete aircraft consists of enginw with engine-air i.rdets
and jet * cockpit and canopy, and the external
stores (bomb rocket missiles,auxiliary fuel tanks, etc.)
that airplanes me required to carry. The effecb of
rdlthese cmnponen.tsare a very important consideration
from an intefierence drag viewpoint

The most W3icult problem is that of efficient irdeb
engine instdation. Conventional design methods re-
sult in propulsion system installation drags of the same
order as the drag of the wing and body alon~ To re-
duce this drag, engine installations must be carefully

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

The first resu.1~of &program at the Aries Labora-
tory have shown desirable engine locations for air-
plane-swith wings of short spare,and modifications of
the airframe are being considered now to provide
greater lift-to-drag efliciencie9through closer integra-
tion with the power plant.

In addition to interfermce from the physical com-
ponents of the airplan~ the streams of hot exhaust
gaw from turbojet engine9 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 gi~~ serious interference. Techniques
for accurately simulating jet Aausts 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 interf erenm effects of jet exhausts.

At the Langley Laboratory an experimdal 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 storeshas been conducted.
This program has provided experimental information
indicating the proper locations for carriaawof external
storesfor the least performance lows.

Launching of missiles and bombs from supersonic
aircraft is an important and Mcult problem. Lack
of lmowledge of the flow phenomenon involved has re-
sulted in large deviations of the launched weapon from
its intended ~~ht path, and in 10S of the launchirg
aircraft in some cases. Wind-tunnel measuremeniwof
the aerodynamic forces on mkiles immediately after
being launched from M aircraft have provided infor-
mation b aid in the prediction of the fight path of
missileslaunched from aircraft at supersonic speeds.

Advance Design Concepts

At high supersonic speeds (two to five times the
speed of sound) theoretical studks indicate a pc&bil-
ity of comb- some aircraft component9 in such a
way as to produce f avmmble interference effect9 cm
other components. Ho%ever, the complex flows in-
volved in complete coniignrations can be determined
accurately only by experiments using large models in
large supersonic wind tunnels. Not only lift&ag eili-
cie.ucy,but also stabili~ and control chmactaristics and
performance of the engge air inlets must be investi-
gated at these speeds. Also, at these speeds aerody-
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namic heat@g becomes a major problem leading to use
of current high-temperature materials such as the staiu-
1ssssteels. Care mustbe takm in detail design to avoid
the adverse effects of interferauce 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-
lytical investigation is required to effect satisfacto~
solutions.

In the very-hi@-speed range, the past few years haie
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
povrerlew glide to its destination. Boost-glide vehiclw
should have high lift-drag ratios and aerodymmic heat-
~~ probkms must be solved. AnaIyticaI studies have
indicated approaches to higher lift-drag ratios, but ex-
perimental research in all phases of aerodynimics,must
be extended to much higher speeds to provide the re-
quired information.

INTENWL mow
The perfon-rwnce capability of an ai_rplaneor 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 desiagnMach 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 tmmsonic
spee& 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 engtie ai.rilowcharacter-
istics over the Mach number range, then the inlet
frontal mea will be too large at transonic speeds and
o~er half of the inlet airflow must be diverted. This
considerable airflow variation with Mach number has
necessitated the use of more complex inleb haviqg
variable geometry components to realize high levels of
net thrust.

Since the thru.d produced by an a~-breathing engge
is n function of the pressure ‘at the engine compressor
face, research is being conducted to reduce the pressure
loss of inlets dcsi.~ed for Mach numbem in excess of
2.o while shm.dtaneouslyreducing the drag created by
the inlet to a satisfactory level. Because high-prw-
sure recovery at the design speed is insuilicientto guar-
antee satisfmtory performance throughout the flight

range, research is also be~a directed toward the estab-
lishment of inlet flow characteristics and operational
Iimitq at Mach numbers other than maximum.

In integrating the power plant into the airframe, it
is also necessary to minkize the external drag of the
installation. Toward this end, extensive tests hove
been conducted to determine 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 utilizing air-
breathing enginw is increased, the need for highly ef-
ficient inlet designs becomes of paramount importance.
The tide range of conditions encountered with high
Mach number designs necessitates the um of variable
geometry inlets and removal of the low energy bound-
ary layer air adjacent to the inlet walls. Externul
compression inlets have been used extensively for speeds
up to twice that of sound, but as the Mach numlxx is
increasad further, the cowl drag tends to increase rop-
idly. One method for overcoming this cowl drag is to
decelerate all or part of the supemonic airflow within
the @et ducting. This method is attractive because it
can provide high pressure recove~ and very low drag;
i% disadvantage is w discontinuous flow characteristic
that requires special control if near optimum per-
formance is to be obtained.

At the Lewis Laboratory, experimental invmtign-
tions on all-tiermd compression inlets designed for
Mach numbe~ in excess of 2.0 have indicated thnt the
external drag can be appreciably reduced below pre-
tious concepts by providing adequate boundary-l~yer
removal. Similar tests on a shorter inlet utilizing
mixed external-internal compreSon ha,veyielded rela-
tively high pressure recovery with relatively low drng
coefficient. An all-internal contraction inlet hns BISO
yielded very promisii pressure recQverics,

At the Ames Laboratory, work on inlets has been
mainly concerned with improving the perfornmnce 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 ns the internal shape of the annulus and
centerbody and boundary-layer bleed. These studies
during the past ymT have indicated that the pressure
recovery of a carefully designed internal-comprc.ssion
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 smill-scale studies have been
incorporated in the design of h-wger 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 contiguoti to
the irde$ such as a fuselage or wing “on the inlet char-
acteristh. Results to date have shown a method by
which the presure recovery can be improved at high
angles of attack and that the inlet design is satisfactory
from the standpoint of flow steadinessand low external
drag.

As the design flight Mach number inc=, the
range of stable off-design iidet operation becomes in-
creasingly small and the occurrence of extremely violent
shock wave fluctuations, lmo-ivn 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. Methods have been devised
and investigated that,me capable of delayingjthe occur- .
rence of buzz, thereby ext&ding the useful inlet oper-
ating range. Mechnical buzz supprmors have been
successfully applied to specfic desi~~ 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 exbwmalpresmres
on inlet cowls. A lmowledge of these cowl pressures is
necessary for the determination of cowl drag. Experi-
mental work hns 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 con6gnrations were also investigated during the
year. The direct application of these results has led to
excellent performrmce ~gqzinsin the Mach number 2
~nge.

Flow Distortion

An air-breathing propulsive system reqfires nearly
uniform air flow at the engtie face if maximum thrust
is to be attained. Uneven 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. Unfavorable regions of low eneragyair
in the inlet duct can be caused by separation of the
low velocity boundary layer air adjacent to the inlet
m-d.lsas the air flow pro~messesthrough a shock wave
or negotiate9 a rapid change in direction.

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

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

Considerable research has also been conductad 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 bwm investigated in
detail, and design critxxia have been established.

The use of screens in the subsonic dif!user offers a
powerful means of reducing distortion but does so nt
the expense’ of reduced pressure recovery. bveAiga-
tions at Langley have determined the extent to which
the flow may be improved by the use of screens as vrell
as the magnitude of the associated losses. It has been
found thnt the losses which accompany the use of
screens can be largely avoided by the use of a free-
wheelhg inlet rotor which draws its energy from high
velocity regions to reenergize low pressure areas tith
consequent improvement in the velocity distribution.

Ducts and Diffusers

The air passing from the inlet to the engine must be
decelerated and must often negotiata some d- of
duct turning prior to induction into the engine. To
obtain maximum thrust from the propulsion system,
the losses inherent to ducts and Wlusers 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 neke.ssaryto obtain a specific pressure
distrbiution. Applicability of these methods to the
design of vaned turns appears assured. Losses result-
ing from shock boundary-layer interaction in ducted
flows have been satisfactorily predicted in low-angle
di~rs; the addition of a constant diameter section
between the inlet and shock sharply reduced losses in
short diifusera

Jet Exits

Aircraft operating at high Mach numbers require an
exit nozzle mea considerably in =cess of that required
for the transonic speed ranga The variable geometry
aspects of exhaust nozzles can result in low drag aftei-
body contlgurations mtthe maximum fight Mach num-
ber and high drag at the high subsonic cruiw condition.
Any decrease in the high afterbody drag at cruise will
re9ult in increased range.

Transonic wind tunnel tests conducted at Langley on
af terbody models without jets have provided detailed
pressure distributions for representative afterbody
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shap~ and optimum anglss 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 ddned.

A jet exhaust gas generator utilizing the catalytic
decomposition of hydrogen peroxide has bean con-
structed at the Lan@ey Laboratory which is capable of
producing a hot jet that closely simulates the exhaust
of rLturbojet engi.rm With this jet simulator, some of
the performance gains possible through proper selec-
tiou of afterbody geome~ have been determined for
boattailed nacelles with a primary jet and with seo-
ondary air supplied through ejector action of the pri-
mary jet.

Tmnsonic fight t~ of bcith single and twin jet
configgmations also Showed a favorable jet effect on
-O under simulated jet operating conditions. The
effects of boat-tail 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. Analyses of these
and other data are in progress to develop empirical
criteria for evaluating jet effects on bodies of arbi-
trary shape-

At the hwia Laboratory, jet exit research has been
predominantly concerned with the off-desiam perform-
ance of primary engine nozzk+. General research on
various nozzle and ejector designs has shown that the
external flow greatly altars nozzle performance at off-
desi=w conditions from the rwults prd.icated from
quiescent-air te9ts.

AERODYNAMIC STABILT’IT AND CONTROL

Air@ine Stability

The sometimes radical geometric design changes in
airphmes (such as longer bodies and smaller wings)
required to reduce drag and obtain increaees in per-
formance hav~ unfortunately, increased the dMicul@
of provid@ adequate stability and control. The
problem of providing adequate directional, or “weath-
ercock”, stability for advanced airplane configurations
for e~ample, continues to tax the @enui@ of dezign-
ers. Influences on directional st.abili~ of the complex
flow fields generated by the wings and bodies are in-
herently dMicult to predic~ and even when they can
be determined, a challenge is presented in devising ef-
fective means for avoi~v their adverse effects. For
emunpl~ an investi5@ion at Langley pf the effwta of
fuselage nosa lengg 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 now length caused large decreases in the di-
rectional stabflity of the model at moderate and high
angles of attack. An exposed canopy also reduced the

directional stabili~ of the model over ahnost the entire
angle-of-attack range for all now lengths investigated,
An Ames Laboratory study of the effect of body and
wing intmfeience on stabili~ chm-acbmisticsshows that
the interference of the body is especially important in
causing directional instability al supersonic speeds. In
spits of these difficulties, however, it has been possible
through detailed investigation in some cases to satisfy
the directional stability requirements on specific rLir-
plane designs by use of increased or redistributed tail
arw+ through the addition of various arrangements of
vertical fins located beneath the fuselage (’entrails”).
or by means of forward located flow control devices.

Langley has conducted an investigation to determine
b“ what extent the fuselage is involved in the large
differences in directional-stability characteristics ob-
served between unswept and sweptback wing-fuselage
cor&gurations at high angles of attack. Two wing con-
@rations were studied; one @g with an unswept
half-chord lim+ 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 unfavomble in-
crease in tibility associated with the sweptback wing
were due to forces, induced by the - on the
fuselage afterbody.

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

Other recent studies indicate that speoial types of
wing-body-tail arrangements may be specified thnt 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 con@-urations-ex-
tenkiveresearch has provided a better understanding of
the basic design parameters that influence this instabili-
ty. Thus, while the prediction of the interfering flow
fields is a difiicult task that requires detailed exTeri-
menti evaluation, a greater choice of effective methods
for alleviating the problem is now within the designer’s
grasp. .Quantitative ~esearch information for use in
the choice of such prunary design vmiablw m wing
height, tail height, and wing dihedml 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 - some means of insuriw that the airplane does
not enter the
be provided.

flight region wher~ pitch-up occurs must
Several NACA gdies were made re-
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cently of automatic control devices designed to provide
this capabili~.

Although the pitch-up problem now appears fairly
well understood, another longitudinal stability and con-
trol problem k be~n@ of concern. Conventional,
tail-rearward, airplanes usually become more stable, or
less maneuverable, as the fl@ht speed increasesto hper-
sonic. 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. Calculatiofi indi-
cnte that tail%rst configurations can be designed to
have attractive stability and control characteristks 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 brond speed range to provide experimental re-
sults.

Continued theoretic-d and experimental studies have
provided the designer with more complete information-
on the influence of basic design parameters on the dy-
nnmic stability of airplanw and m&+les. One dynamic
stability problem of recent concern is the adverse effect
of inertia forces introduced when a high-speed aircraft
rolls nbout an nxis not alined with its longitudinal axis.
These f orc,es tend to swing the aircraft out of line with
its flight path, sometimes lauling to such extreme and
rnpidly developed angles of attack and sidw.1.ip that
structural failure results (l%e importance of fores-
in~ the occur~~ and rna=@tude of tfi ~efiia ~u-

pling has led to the recent development at the Ln@ey
nnd Ames Laboratories of more comprehensive but
simplified methods for predicting the response of an
ttircrnft in a steady roll. Recent studies have shown
tlmt redistribution of some of the mass of the airplane
nlon~ tile tingg can have important advantages in con-
trolling ndverse inertia cross-coupling effects. Other

NACA investigations have studied the stabili@-aug-
mentntion devices (such as pitch or yaw dampers) re-
quired to alleviate the inertia-coupling problem.

The introduction of various concepts of vertical and
short imkeoff and landing airplanes hns increased the
scope of stnbility and control problems facing designms.
Research conducted thus far has established the feasi-
bility of such operation by both propeller and jet-pow-
ered nircraft and provided a wide range of information
for such designs. Viggrous attach have been made on
VTOL nnd STOL stability problems during the last
yenr-especirdly on the transition of VTOL airplanes

from normal forward tli~ht to hovering fi~hfiin sev-

eral conventional and specialized facilities and by
meansof free-flying dynamic models.

Aircraft designed to penetrate beyond the eikctive
atmosphere, will have a multiplicity of additional prob-
lems of spaca stability aud contro~ 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 aircraf$ pilot-controlled flight simulators
play a vital part in ns.e.ssing some of the problems
that will be encountered and in providing important
design critari~ Preliminary NACA analytical studies
and exploratory expedients in the last yenr have
mai.rd!iserved b 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 tandency 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
vohum Because of these reasons, 0XtOllSiV+3NACA
studies were made on this type of configuration last
year. One Langley wind-tunnel study recantly re-
ported was concerned with the supersonic character-
istic of a series of lmv-aspechratio wing mi8silemodels
in which the effects on stability of wing shape, body
siz~ and f orebody and afterbody length and shape were
investigated.

One of the problems of concecn to designm of =-
ternally-mounted, air-to-air mides is the large forces
acting on the missile caused by the effect of the non-
uniform flow field generated by the airplane. These
force-scan result in deflection of the mide’s ilight 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 probkum in these
studi~ the forces acting on mis-siiesduring simulated
launching from unswept-, sweptback-, and triangrdar-
wing airplane models were determined. The effects of
mounting position of the missile on the airplane ~m
were also determined.

The NACA experimental and theoretical program to
determine the stability characteristics of the loig-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

0
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its aerodynamic stabfity characteristics during the at-
mosphere rwmtry stage. Results of recently reported
studies at the hws and Langley Laboratories of CL
wide range of missile reentry shapes permit selection of
cordigcgations having the desired static and dynamic
stabili~ without compromising the requirements for
l@h performance and minimum aerodynamic heating.
The characteristics of a short rangg ballidic missile,
whose trajectory is entirely within the atmospher~
have Nso been studied. The adequacy of the super-
sonic static-skbility chcmactaristiwof a @piCal ballistic
missile configuration of this type having a iin-stabilized
body of revolution vms determined in a Langley in-
vestigation utilkiqg the rocket-powered model tech-
nique.

Control
Continuing emphasishas been placeil on the chall~~-

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 La@ey program to provide needed
additional information on the transonic and supersonic
characteristics of conventional wing flap and spoiler
controls continua+ During the last year reports on
portions of this program to determine the tmmsonic
effectiveness of several flaps and plain spoilers on
siveptback wings; the supersonic hinge-moment char-
acteristics (directly related to the forces required to op-
erate the contiols) of a series of flaps on triangular
Win=gs;and the supersonic effectiveness characteristics
of plain spoile~ located in various locations on an un-
swept wing were published.

Convention-d flap controls, primariIy developed for
use at subsonic speeds, generally lose effectiveness be-
cause of aeroelastic effects and also require larger forces
for deflection at higher speeds. Plain spoilers, the
most codmon substitute for a vr~~ flap, usually have
good effectivenes and relatively low operating forces
through the transonic speed range but have a tendency
to lose effeetiwmess at l@h angles of attack; previous
studies have shown that a slot behind the spoiler and
a wing lower surf am 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 CLwind-tunnel study was conducted on a rep-
resentative wveptback high-speed airplane wing.

Another devica that has been aqg=-ed for provid-
~~ improved roll control in high-speed flight is an all-
movable differentially deflected aft horizontal tail.
Such a control avoids the wing aeroehsticity problem
and dsp many of the structural problems associated
with use of more conventional controls on the thin
wings @pical of high-speed airplane designs. A wind-
tunnel study was made at Langley to provide super-
sonic inf ormrkion 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 macle
on other~romising @-ewairplane control arrangements
involving all-movable forward tni-lsfor pitch control,
body-mountad spoilers and flaps, and wing jet spoilers.

Additional studies were made to provide c6ntrol in-
formation on low ‘aspect-ratio wing, slender-body .
missile con6gurations, mentioned previously M hnving
certain advantages.. Some of this information was ob-
tained from a recent”Lamgley free-flight rocket-pro-
pelled model study ‘of a series of roll-control rmrnnge-

.ments on a c,ruciforin, highly swep~ low-nspect-rntio
missile contlguration. The effectiveness of wing flaps,
all-movable forward tails, all-movable wings, wing
spoilem and jet devid was determined over n range of
subsonic, transonic, and super-sonicspeeds.

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

In another Langley study of wingless missile moclels
hav-@ bodies of square and round cross. section, the
supersonic effectiveness of rearward mounted bocly
spoilem was deterininecl.

For, airplane or missile tl.ight at very high velocity
and altitudes where aerodynamic controls will be in-
effective because of the thin atmosphere, reaction-~pe
devices utilizing deflection of the main thrust jet or
auxiliary control jets which furnish control inclepencl-
ent of the surrounding atmosphere appem most fem-
sible. Some of the results of research studies of these
controls in various Langley, IAvis, nnd High-Speeil
~light-Station facilities have been reported recently.

In one Langley study the high-speed effectiveness of
three types of reaction controls-cm immersed jet -mne,
a jet flap, and a jet spoiler+l of which ncted on th~
main rocket jet of a slender missile contlgurntion, wns
deterrokd, using the rocket propelled model technique.

The High-Speed Flight Stntion study was concwmecl
with the simulation of a jet-control system suitmblefor
an airplane flying at extreme altitudes. This prelim-
inary study has provided ;aluwble information for tlm
design of the control system to be used in high-cdtitucle
flight tests of a research hirplnne.

Flying Qualities

R@search investigations to study several phases of
airplane handling qualities have been mnde in the lnst

.year. For example analytical studies hnve been con-
ducted to develop simplified and improved methods for
calculating the characteristics of the sometimes un-
stable or insufEciently damped “Dutch-roll< a com-
bined yawing and rolling motion of an airplane. In
addition, methods have been developed for calculating
th~ lateral response of an airplane to random atmos-

0
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pheric turbulence, a type of motion which prw-iously
could not be predic~ nccuraimly.

In order to determine the factors that limit the
minimum lancl.@ speed of high-performance air-
planes, fl@t programs hrwe been conducted at the
Lnngley and Ames ~aborntoriw. These studies were
undertaken because of the uncertainty of the causes
for the tendency toward high lan~~ speeds prevalent
for most current airplanes. Consideration was given
in the studies to the effects of stall warning, engine
thrust, en.tie response, altitude and speed control,
lateral control effectiveness, static longitudinal stnbil-
ity, nnd pilot visibility.

Spinning

During the past year, research on airplane spinning
problems hns continued primarily through investiga-
tion in the free-spinning tunnel of spectic zirplane
designs for the military services. Analysis of the re-
sults of these studies has emphasized the importance of
m~s distributio~ fusela=- nose length, and proper con-
trol msm.ipulntionfor recovery for a given design. For
some future desigg, wind tunnel and flight studies
have shown it may be esential 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 tunne~ a new
technique has been developed involving the launching
of dynamic radio-controlled models from a helicopter.
This fncility can also be used to study the fully de-
veloped spin and therefore as a check for spin tunnel
test%if desired.

AUTOMATIC CONTROL

Missiles

The unmanned aircra~ or missile, depends upon
self-contained control devices to provide it with stabili-
ty 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 hns concerned itself with simp~cation of stabili-
zation and guidance systems, and -with improved
means of analyzing and optimizing complex control-
ling networh under re~tic fl.Qht conditions such as
turbulence in the atmosphere tid electronic interfer-
ewe in radar guidance information.

Studies at the @ley Laboratory to eshblish sim-
ple stabilization and control systems for ties have
led to the consideration of on-off or flicker controls
which are momentwily deflected and returned to neu-
tral to correct for errors in a missile’s cmrw. Control
system theory for nonlintir control techniques of this
nature show that ticker controls can maintain a desired
missile tlQht path with minimum use of the controls
and with minimum devirttions from the desired path.

This is accomplished by a particular control switching
sequehw An analytical method for determiningg such
a switch@ criteria, and mathematical techniques for
analyzing such discontinuous control systemshwvebeen
developed.

In another Langley Laboratory study, ‘concerned
with simplihation of missile control and guidance sys-
tems, advantwge was taken of cartain nonlinear aero-
dynamic characteristics as a meaqs 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 &al phase of target interception with simplified
schemes of missile ~tidance and control. It has been
shown that simplified control techniques can provide
accurate flight path control and in addition both the
power required and the size of the power unit to nctu-
ata 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, ~rrection of flight path
errors require dMerent control deflections for various
flight conditions. The required flight path is usually
maintained by a mmplex gearing s@.em to vary the
control surface deflections as a function of flight speed
and altitude. Studies of ways and means of simplify-
~V this gearing problem have been made nt the Larg-
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 si=~aJ, the control
system can be sinipliiied and at the same t@e produce
fairly uniform missile response to command si=gn”alsfor
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 -werebeam
rider and homing. In the fit system the movemants
of the target airplane are followed by the electronic
beam of a radar device much as the target might bti
followed by a beam of a searchlight. The miss~e
attampts to fly along this beam to the target. El the
homing system, the missile contains its own guidanca.
Information on target position with respect to the mis-.
sile is obtained through a tracking radar carried in the
misde. A computer in the missile uses the target in- -
formation and missile fight information to provide
signals to the controls to fly the missile toward the
target. in.these studies, missile aerodynamic charac-
teristics, target evasive maneuve~ and elecbonic inter-
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femme signils associated with radar tracking of
targets are considered.

Recently, because of their application both to mis-
sile guidanca systmnsand to airplane armament firing
control systems, considerable attention has been given
to optimization techniques for systems subjectad to dis-
turbances having statistical characteristics, such as ra-
dar noise (electronic interferenw) and air turbulence.
A mathematical tm.hnique has been developed at the
Ames Laboratory for optimiz@ control systems sub-
jected h 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- 0

Airplanes
Use of airplane contlgnrations selected primarily

from performam.e considerations has accderated 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 autamatic con-
trols to -t him in the performance of special func-
tions such as target tracking.

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

A pmdlel probkun for high-performance airpkmes
has been that of inadvertcmtpitching 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 vvhich effec-
tively mod.ifks the aerodynamic pitching moment of an
airplane appears to be a promising conirol device. In
another study, an automatic braking device on the
elevator, actuated by a combination of normal accelera-
tion, pitching-veloci~, 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 aerodynamic control surface through a
cable and pulley or push-pull rod mechanism. Most
high-performance airplane control systems contain hy-
drauIic actuators although some use h being made of
electric mtuatom With hydraulic systems the pilot,
through the control sti~ is linked to a valve which
controls the flow of hydraulic fluid to the actuator
which in turn deflects the aerodynamic contxol surface.

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

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 systamfeel characteristics are
functions of nornd mceleration, pitching velocity,
pitching acceleratio~ or ccmibinations 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 po-ivem.dcontrol systemmoving, time
lags between control stick movement and control sur-
face movementj and associated airplane response chm-
actmistics to control surface movement can affect
greatly the pilot’s opinion of the airplane and its con-
trol system and mom importantly his ability to control
the airplane precisely. Studies have been made at the
Langley and Ames Laborah-ies to determine desirable
values of the important control system variables as as-
sociati with control stick deflection and force.

Automatic pilots are being used extensively for such
tasks as pilot relief for cruising flight control, bombing
navigation, and target trmking. In the usual cam the
automatic pilot is added to the existing control system.
The extansive use of automatic pilots has raised qum-
tions as to the need for duplication of control syskm
elements. If the human pilot flew the airplane
through the automatic pilo$ it shoild be possible to
simplify the airplane control system. In this arm the
Langley Laboratory has conducted a number of flight
and ground simulation studies of two autupilot control
syshuns that provide control of airplane attitude and
airplane acceleration respectively. Thus the human
pilot by movement of the control stick does not move
the aerodpamic control surface directly but commands
the control surface, through the automatic pilo$ 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 worm 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 control
systems makw it possible to use small control sticks
mounted on the side of the cockpit. Side-mounted con-
trol sticks are of iutermt because they clear the central
area of the cockpit for use of radar fire-control equip-
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men~ and enable the pilot to minimize inadvertent
movement of the control stick during rapid maneuver-
ing. One side-located stick has been tested at the Lang-
ley Laboratory in conjunction with angular rate and
normal acceleration automatic pilot control systemsand
with a conventional power control system. Ii general
the pilots found this side-located controller to be com-
fortable and natural to use, and could fly the airpkme
with good precisio~

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 assistancehas taken the form of opticil
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 tracld.ng systemsrely on radar to give the
position of the target relative to the intermptor. Tar-
get bcaticm information is passed through a computer
which provides signals to the airplane controls such
thd the airplane performs the nec&+mryattack maneu-
vers. The performance of existing and proposed auto-
matic control systems has been evaluated at the Ames
and Langley Laboratories to establish comparative per-
formmm and to deiine 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 cmmnands to roll
and pitch; means of optimizing the command com-
puter; and studies of the effects of airplane aerody-
namic chamcteristics on the performance of the auto-
matic attack systeg. An intertig byproduct of one
flight invwtigation 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 undtiy reduce his capa-
bility to monitor the attack

LOW-SPEED AERODYNAMICS

The design of airplana to operate at higher speeds
generally involvw compromises rwulting in higher
takeoff and landing speeds. The longer runways
necessitated have been of increasing concern and ex-
pense especially to the military services. There me
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 VTOL or STOL aircraft) in relatively
rough terrain, and that have si.gniihntly greater speed
and range capabilities than helicopters or converti-
planes. Research on airplane configurations capable of

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

High-Lift Devices and Boundary-Layer ControI

Vtirious devices including wing leading-edge modi
fications-such as slats,nose droop or flaps, and changes
in nose radi~in combination with wing trailing-edge
flaps have been tested in wind tunnels and in flight as
means of increasing lift. 133gherlift is achieved with
such arrangements by either an increase in camber or,
in some cases, by del@ng the separation of the low
eper~ 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 separatw
from the upper surfma of the wing and its high-lift
devices thereby causing stalling and loss in IifL It is
possible to delay this boundary layer separation to
l@her lift by removing the low energg boundary layer
air qrtiiicially by suction through slots or a porous area
on the wing or flap surface or by reenergizirqg the
boundary layer air through blowing. The develop-
ment of simple and effective pumping means in recent
yeara with the advent of the turbojet engtie 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 resmrch
on landing and takeoff is toward a general study of the
factom influencing the pilot’s choice of landing speeds
and @OtiIlg techniques. The maximum reductions in
landing speeds available through the use of boundary-
layer control have often not been realized in flight be-
cause of factcm other than stalling. Items such as air-
plane stability, control respo~ 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 reIate 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 extmt
that the airplane operates in a low-speed high-drag
range where more thrust is required as sped 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 10V+
speed higl-drag rangg should be of great benefit for
landing operations of future supersonic aircraft as well
as for VTOL and STOL aircraft since these latter types
will require similar piloting techniques. So far, this
type of fight experiauce has been with fighter-type air-
crafi In order to check the validi~ of the results as
they apply to transport type aircra~ it is planned to
perform similar investigations with multiengined air-
craft when suitible ones become available.
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Jet FIaps

Rtwarch aimed at reducing takeoff and landing
speeds and distances has also included several studies
of various types of jet flrLps, The jet flap may be de-
fined as a high momentum sheat of air blown in the
vicinity of rLwing in such a manner as to produce a
forced circulation of air ‘aromd the vving, and hen%
additional lift. The jet flap cQncept di.fbm fkom the
conventional boundary-layer control concept primarily
in that much more power is employed tQ induce the
circulation than is required merely to maintain attached
flow to a surface, In fact some a.yangemeuts involve
discharb~m the entire jet engine exhaust through suit-
able nozzles.

A new type of jet flap arrangement was conceived
during NACA investigations vvhich might be applied
to jet bombers and transports having pod-mounted en-
.@nes. In this arrangemen~ called the extmmal-flow
jet-augmented flap, the exhaust of the engine is directed
upwanii by a vane or swiveling tailpipe through the
slot of a trail.ing-eiQe slotted flap. Results indicated
that this arrangement was somewhat less etlicient 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 extermd 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 increas~ resulting
from the extarnal jet flap installation indicate that sig-
nitkant 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 offecb of heat and
noise-induced vibration on the wing adjacaut structure
In addition, the safety aspects of an airplane equipped
with jet flaps need to be investigated in the ev6nt of an-
engine failure in critical flight conditions.

VTOL and STOL Aircraft Operation

J& recent years pioneering NACA free-flight and
wind-tunnel rewmch has led the way in the develop-
ment of several airplanes which hold “promiseof span- “
ning the operational gap between helicopters and con-
ventional aircrafi Several jet-powered VTOL air-
craft and propeller-driven VTOL and STOL aircraft
have bean flight demonstrated by contractors to the
military servicas or are to be demonstrated in the near
future. A vvide varie@ of con6gnrations can be em-
ployed for aircraft of these @w+ although all depend
to a large extent or entirely on the uw of power to
~gmerataIifL Consequently, a new series of perform-
ance and stabili~ and control problems has arisen.
Most of the VTOL codgurations flown to date may
be described as td ~ttem and require that the fusdage

rotate Mm a vertical attitude at takeoff to a horizon-
tal attitude in forward flight. For transport aircraft
rotation of the fuselage i impractical and lift must be
generated in takeoff and landing by such means M ili-
recting the propeller slipstream or jet exlmust down-
wnrd while the fuselage remains essentially horizontal.

NACA research with free-flying models hns resulted
in a fairly complete evaluation of the stability and
control characteristics thro~~hout the flight range for
three variations of a basic VTOL transport model.
The model was of the tilting wing and prope~er 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 a wind tunnel. The r6m.dtsindiwdo that in
forward flight a high-wing configuration wns more
stable lon@u&milly throughout a larger center-of-
gravity range than a lo-iv-wing configuration and that
the reaction-type ~itch and yaw controls were more ef-
fective than flaps operating in the propeller slipstream.
All of the configurations could be flown ensily 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 US6of blowing
boundary-layer contrd. Various flap confibyrntions
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 remilts show that the boundary-layer
control system produced increased lift and slipstream
turning; however, it was also brought out thrtt the
economies of an overall aircraft aystam wo@d depend
on the particular system employed rind, for n prm-
ticular in@dlationj -would have to be determined from
a detailed analysis. .

Facilities for VTOL/STOL Free-l?light Studies

Initial free-flight tests of VTOL models conducted
in the Langley full-s,cale tunnel simulated slow, con-
stant altitude transitions from hovering to high speed
tiorward tl.igh~ It became apparent wly in these
studies that there existed a need for a study of the ~
handl.in~ qualities of these types of aircra~ during
rapid a~ieratig and decele~a~ingtransitions 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 a new
test facility was developed in which the speed of the
transition depends only on the amount of model power
available. This new ,fmility consists, essentially, of a
small rotatable crane and is similar in operation to the
control-line technique used by model airplane enthu-
siast 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 NATIOhTALADVISORY COMMI’ITEE FOR AERONAUTICS 23

determined “several yems ago thfit a propeller must

Multiple exposure showing tilt-wingmodel in wrions atogesof ilight.

using this fncility indicated that decelerating transi-
tions from level fight to hovering were more ~cult
to perform than accelerating ones becmse of the closer
coordination required bettieen the thrust and pitch
controls to mmintmin constant altitude. The facility
lMS also been used to advantage as &testing ground for
jet powered models using hydrogen perotide rocket
motors. To date models of a ttiil-sitter and a horizontal
fuselage VTOL airplane powered tith hydrogen per-
oxide units have been tested.

Propellers

The use of propellers in new aircraft is currently
limited to those in which ~ce rather than speed is a
primary design criterion, and to most of the VTOL and
STOL flying test bed aircraft. The NACA has, how-
ever, continued a tmnsonic propeller test program uti-
lizing tfie XF-S8B propeller r&enrch airplane. It vi-is

413011M-1$~

have thin ~irfoil sections and operate nt high tip speeds
to obtain efficient transonic performance. Propellem
with airfoil sections as thin as two percent have been
investigated @ fight from a structural ns viell ns per-
formarm standpoint. The-sepropellers 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 aircraft applications is to achieve
high values of thrust at static and lo-w-speedconditions
without unduly compromis~~ the higher speed per-
formance. Consideration is being given to means of ac-
complishing this while at the sametimekeeping 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 Planing Surfa& Theory
conventional propellers. Offsetting the advantage of Better theories have been needed to correlate the
higher static _ however, is the added weight of mst amount of experimental data on lift of submm=nd
the shroud, its drag at cruise conditions, and possible “ ~d planing hydrodynamic surfaces and to provide “
structural problems imposed on the propeller or fan better tools for guiding future research and seaplane
blades. Some preliminary research on shrouded pro- desigu Advances have been made in this regard dur-
pellers has led to the development of improved shroud ing the past year and work has progressed on seveml
shapes, and further work on actual shroud-propeller fundamental programs dealing with basic h~drocly-
performance isunderway. namic Ming elemenb such as hull bottoms, hydroskis .

SEMmmEs and hydrofoils. In one example a genernl nonlinenr
them-y was established for calculating the forces and

Recent NACA’ research in exploring and applying moments on planing surfaces of various shapes and
advanced aerodynamic and hydrodynamic concepts has planforms. Previous theory conside~ only the linear
opened the way for achieving markedly higher-speeds ‘component of the suction lift and was limited mainly
with new seaplane desi=g not having the performance to rectangular surfaces. Special experiments have been
compromk presently associatedwith water-based air- conducted in the Langley tank No. 2 to verify the new
craft. l?ollowing the trend of high performance hind- theory.
based aircraft, however, these advanced .=pl~e tYPSS H@ioski and Hydrofoil Landing Gears
would have higher takeoff and landing speeds than The ability of hydroskis and hydrofoils to alleviate
present day seaplanes. For instance some of the con-
iigurati~ns may have takeoff speeds as high as’ 200

the motions ‘and loads of swplanes operating on rough
water has spurred additional research on such devices

knots. Consequently, a m“ajorpa@ of :he -NACA’S hY- for lm~ gmm. Them me still many unknowns
drodyuamic research during tha past year has been
directed at studfi~ hydrodynamic surfaces and sea-

concerning optimum shapes and planforms for hydro-
skis and attention has been given during the past year

plane cmdigmations at higher speeds than before in to effects of bottom and upper-surface curvature on the
order to investigate not only hydrodynamicperformance ski characteristics during operation at various sub-
but aIso other i.mpotit fiCtim ~ch m $PNy ~d merwd ~d p]fig ~ond,itiom.~so ~ m~ti5ki ~r-

waimr flow characteristics, airplane stabili~ and con- rangem~k the interference effects of multiple wakes
trol on the water, and water loads on the seaplanes op- have bwn ewlor~. Some shaPw ~th Pmrtictiar
eratiqg in various wave conditions. These Mter char- structural and retraction advantages have been in-
ackaristks are oftan d.ifticultor impossible to predict
based on present experienw+ as the new advanced con-

co~orated in the program. Skis often produce vio-
lent spray at emergence and one experiment has been

fl.ggrations are in many respects considerably different
from present day seaplanes. It is encouraging that in

aimed at investigating the effect of ski nose shape on

the NACA hydrodynamic tests some types of hull
spray. Submerged lifting surfaces at certain oper-

forms and hydroski and hydrofoil gears’ have shown
sting conditions near the water surface incur air ven-
tilation on their upper surfacm with large losses in

real promise for cop@o with the severe vva~r loads at w ~d ~/~g ficiency. E~e~en~l tivwtigo-
the high landing and takeoff sped% ~thoWh a lar.~ tiom have provided a better understanihig of the na-
amount of additional research is n=ded tO a=== and tie of these fIOW changeg, the effect of model size on
solve the loads problems. the phenomenon, and the operating conditions at which
High-Speed Hydrodynamic Faei.lities the ventilizated flow can be expected to occur.

A new hydrodynamic tank facility (see accomPanY- Superafihtig Hy&.ofofi
ing photo) has been placed in operation at Lan@ey “ hTormal hydrofoils intended for efficient operation
this year and has a speed capability of 170 feet per sec- at low speeds develop cavitated flow at moderate water
ond and a planned future capability of 200 feet per
sword. In the first investigation in the facility it was

speeds with attendant serious 10SSWin lift and lift/

determined that the lift coefficient of a flat bottom
bag &ciency. By dwigning hydrofoils purposely to

planing surfaca at various operqting conditions was es-
operate in cavitated flow, however, good lift and dreg

sentirdly constant throughout the speed range from 80
properties can be achieved at the higher water speeds.

to 170 feet per second. The experirrmtal results agreed These.so-called “superdavitating” hydrofoils offer con-

well with those obtained in the larger Langley tanks siderable promise for high-speed seaplanes not only in

having lower speed capabilities’ m well as those ob- providing efficient landing gears from a lift and drag

tained in a small high-speed mater jet. A better un- standpoint but also in alleviating the severe seuplane

derstanding has also been achieved of the proper jet motions and overall loads at high speeds in rough

boundary corrections tQ apply to data obtained in the water. In the past year refinements have been made
latter facility. in the theory for dwigning the shapw of such hydro-

.
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.

New Langley high-speed hydrodynamic t~t facility.

foils. Several supercavitating hydrofoil configurations
have’ been tested in the Lmgley Tank No. 2 and the
testswill be extended to speeds up to 200 feet per second
in the new high-speed hydrodynamic facility.

ROTARY WING AIRCIUI?I’

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 vvhich excite them. Various
flight and wind-tunnel tests have been conducted in
which rotor-blade vibratory st-reses and fusekqgevibra-
tions in a number of steady and maneuvering flight
conditiom have been measured. The resuks 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
rwommt frequency. The method developd during

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

A better tmderstanding of the basic mrodynami~
of the rotor airilow is a prerequisite to the de-relopment
of more dicient hti.copters. Sinm the characteristics
of the flow field change with each flight coridition,
theoretical treatments of helicopter characteristics are
,very difiiciilt and time consuming. Using previo~y
obtained rotor flowfield measurements as a @d~ ana-
lytical 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 loadingg
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 stabili@ deriva-
tives. The computational setup is general and the equa-
tions can be used for blades of any airfoilsection, mas
ilistribution, twist, planform taper, root cutout, flap-

.
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ping-hingw offset and can account for the effec~ of
pitching and rolling velocities. Stall and compress-
ibility effects can be predicted, as well as the effects of
the reversed flow occtig over part-of the retreating
blad~ 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 re=guiiing MOW angles, angles of ak
tack or flapping angles.

Experimental work has supplied information relat-
ing to the aerodymunic interference bet-men the rotor
and other componen~ a problem that has become more
important in view of the trend toward increased rotor
blade loadingg and convertiplane arrangements involv-

‘ ~~ airplane-@pe liftirg surfaces. An investigation of
the effects of a rotor slipstream on a panel representing
a wing mounted below a hovering rotor has indicated
that the vertical drag; that @ the loss in thrust due
to blockage of the rotor slipstream, can be calculated
with good accuracy. Various span panels were located
at varyiq distances below the rotor and both steady
and pulsiqg pressures on the panels were measured.

Performance

Current helicopters are limited in top speed by the
compressibility drag rise on the adwmcing blade wmcn
causes kmge increases in the power required for flight
at high speeds. In addition to analytiwil work on the
problem of reducing the effects of compressibility, the
problem has also been attacked experimentally. U@@
rotors var~ing in thiclmess 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
sufliciently tide range of airfoil section data at suit-
ably matched angles of attack and Mach’ numbers for
desi=g 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 factols influencing helicopter stability and control
characteristics and flying and handling qualities. Re-
search conducted by menns of fight tests has been con-
centrated on the important problem mess of low-speed
flight, steep appro~chw, and -rerticnllandin=~ in order
to detemnine the effect of changes in various stability
parameters on pilot proficiency. Specialized piloting

POWER PLANTS

Much progress has been made in increas~m the per-
formance of the turbojet enggj.nesince its introduction
in the United States in 1942. A comparison of the
performance of the early production engines W@ the

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 stnbilky for instrument
flQht. Low airspeed flight% including efforts to hover
over a ground reference, are being conducted under
simulated instrument conditions with an HOML1 heli-
copter equipped with electronic autopilo&@pe compo-
nents w~ch permit alteration of the apparent (to the
~ilot) stability and control characteristics of the helic-
opter. By means of these components, systematic
variations in such parameters as control power, damp-
iug in roll, yaw, and pitch, and stabilization about each
axis cmn be evaluated. In order to insure adequate
coverage in the present investigations n current pro-
duction helicopter with”stabfity augmentation equip-
ment (HSS-lj has been flown and appropriate drdo
published. The first results SI1OWthat significant im-
provements in flying qualities can be obtained with
automatic stabilization equipment, pmticulmly with
yaw stabilization.

Propulsion
Various desi=g 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 mmy 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 nt the tip.
The results of a preliminary experimental progrnm on
a pressure-jet rotor using both cold and hot cycles hnve
btin published, as well as a set of desi.m chnrts derived
to facilitate rnpid annlysis of compm.ssibleflow prop-
erties in a whirling duct. In general, the hot cycle sys-
tem showed about double the rntio of rotor propulsive
horsepower to equivalent compwssed-nir horsepower of
the cold cycle but resulted in a significnrd incrense in
specfic fuel consumption. The annlysis of the,flow in
a whirling duct presents in chart form the ipternnl
aerodynamics of a pressure-jet rotor blade. Also in
conjunction with this project, an analytical study of the
hovering performwe of various helicopter propulsion
systems has been completed and the results presented
in the form of charts for estimating hovering over
endurnnce. -

FOR AIRCRAFT

]ntestmodels is of interest. Overall efficiency has been
nt least doubled, weight for a given thrust output has
been cut in hnlf, altitude operating limits hnve been
more than doubled, nnd hilly, flight speed has been

.
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ripproxinmtely 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 f acili-
ties has come a steady flow of performan~ data on
specitic engines, which would, otherwise not have been
ovrdable. This data has been generalized and the re-
sults of component research incorporated, -withthe re-
sult that the designen of each successive family of
engines has had an increasingly fmm bask on which to
desibmnew engines. Certain specfic components such
m the afterburner and the transonic compressor have
been based Trimarily on NACA research results. The
progress of the turbojat has been the result of a joint
effort on the part of the industry, the Department of
Defense, md the NACA.

NACA research on thti ram jet has been parallel
to research in the turbojeti 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
resmrch 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
nre nmong the more important instigations. The
ever-present high temperature materials problem is in-
tensified by the rocket engine. Also underway are
studies of new propulsion @stems such as the ion rocket
and the application of nuclear energy to both chemical
nnd electrical rocket systems.

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

AIRCRAFI’ 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 rangw 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 fuel with
air, for example, is sullicient to provide 1 pound of
thrust for 2,750 milw h an aircraft syst~ however,
the greater part of this energy is lost because the d3i-

ciency of the engines is less than 50 percent. At super-
sonic speeb the ticiency of the tie 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 becnuse
of the drag factor. The range of an aircraft may be
increased by increasing the ticiency 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

tie effici~cy ~d ~ dec~e fiplme drag. @n-
siderable increase in ranaw hasi 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-
tatied 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
amo-i.mt of energy per pound (compared with conven-
tional jet fuels) from some of these is illustrated in the
following sketch:

It is obvious from the @e that hydrogen mntains
much more ener=g per pound than any other “examples
shown. However, hydrogen, even as a liqui~ has a
density about one-tenth of JP+l and would therefore
require much larger tanks for the same energy content.
Beryllium, the next highest element, is quite scarce find
is extremely poisonous. Boron, however, is mmflable “
in large quantities ‘

NACA has studied the use of boron, in the form of
powders mixed with conventional jet fuel. The results
indicnted that such- fuels can be utilized. However,
boron has the further advantage of forming compounds
wi~ hydrogen and carbon. In this way the higher
ener~ available from hydrogen ns well as boron can
be used. Many of th~ boron compounds m? liquid
and can be used in systemsquite 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 applicatiori~ the potential increase in
range warrants the additional cost.
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For the past seven years, the Lewis Laboratory of the
NACA has been studying the application of the boron”
fuels to aircraft power plants. The work has included
chemical laboratory stmlkx+theoretical studies to de-
termine the most suitable types of engines and operab
ing conditions, and experimental studies in actual
engines.

The rocket fuels program has the same goal as the
air-breathing engine proag~btaining more ener~
and hi@er performance from each pound or gallon of
propellant. The theoretical performance of several
fuel and oxidant combinations has been calculated.
These calculations me used to design experhrqdal 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 effofi
Now, however, the use of an IBM 650 computer will
permit the calculation of theoretical rocket perforin-
ance for any chemical system containing as many as
ten elements. The lower atomic ymight elements (such
as carbon, oxygen, fluorin~ hydro~ 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 Ena@nesY’

COMBUSTION

One of the serious problems encountar~ in the opera-
tion of turbojet aircraft is the decrease in combustion
e5ciency that occurs at hi@altitude tlight conditions.
Experimental investigykions with turbojet combustors
show that combustion eiliciency is adversely affected by
the high airflow velocities at which these combustors
are required to operata and by the low air-prcsnw and
low air-temperatures encountered at ~uh altitude.
Combustion efficiency is the proficiency with which the
chemical ener~ of the fuel and. air is converted into
kinetic energg of the propulsive atistream. There is
a need, therefo~ for a means to explain these deleteri-
ous effects, and to indicate de+p approaches that are
useful in alleviating these adverSe effects.

A theoretical treatment of tie tgrbojet combustion
process is dii3icult because several difEerent processe=i
me involved. The fuel must be vaporized, mixed with
air, iatitedj and odized to the final products of com-
bustion. The combustion prows may be visualized as
a competition between these conversion processes and
the quenching that occurs vvhen the rencting mixture
is cooled by dilution air and when the reacting mixture
contacts the relatively cool walls of the combustor liner.
Because of the complicate nature of the overall proc-
~ no simple yet exact theoretical treatment is cur-
rently possible. ..

By making certain simplifying a.%umptionsregard-
ing the turbojet combustion process, it is possible to ar-

rive at equations to describe the process. The NACIA
treatment assumesthat one step in the overall chain of
processes which constitute turbojet combustion is suf-
ficiently slow to be the rate-controlling si%p. The
analysis is essentially semiempirical, since the theoreti-
cal equations are based on assumptions which are some-
what flexible, and are selected to ngree with observed
experimental trends. The relation,

(1)

was derived from the assuripiion that chemical re-
action kinetics control the combustion e5ciency. Pi is
the combustor-inlet pressure; l’{ is the combustor injet
temperature, V. is the combustor-irdet gas reference
velocity based on P{, T{, and the maximum combustor
crossectional area; ~ is the overall fuel-air ratio;
and a is the oxygen concentration.

A similar relation,

[

(w-w’,’-’), ~, ~N,=$3 17

r 1 (2)

was derived from the assumption thmtthe rate of flame
spreading controls combustion dliciency.

Experimental combustion dntn were obtained in tests
of several turbojet combustors. The experimantawere
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 preSSUe and mass flow rata were
independently varied through wide ranges.

A comparison between the experimental datn and the
predictions of theory show th~t the p~rametor

pm

-1

correlates the combustion ticiency data for several tur-
bojet combustms. The parameter

P,% T,Ll
v,

wwfound, 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 aa combustor

Pres.snreis increased, and the reaction kinetics pmun-
etar,

r. -

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

P<x T<Ll
‘ v,

is better at high pressures. No single correlating pa-
rameter c% 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
l,ife of bearings has been improved considerably in re-
cent years, there is a lack of knowledge of why some
bearings fail after beii operated for very short times.

Until recently, much of the testing was done on full
scale assembledbearings. However, there are so many
variables involved in a @t of this kin~ that the fun-
damental causes of failure cannot be determined. Re- “
search 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 matarials -wasreported
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 enginw. ‘Preliminary
results indicate that, while the causes of failure are
quite complex, most of the failures are caused by some
discontinuity in the stractum of the metal. This in-
dicates that improvements can be made by chana@.ng
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 seils for high
temperatures,”for low temperatures, and for operation
in nuclear radiation has cchtinued.

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

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

COMPRESSORSm 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 clariikation of the arma-
ment firing problem.

At any particular rotating speed, a compressor can
impart a maximum increase in presure ti tho airflow
it delive~ and beyond this point compressor stall and
surge occurs. Stall is charackized by a sudden de-

CY in airflow and results in dangerously high com-
bustio~ temperatures Surge is characterized .by vio-
lent Oscillai%m in. ‘airflow and @ts in excessively
high stres “red.tempbiatum fluctuations Operation
at these conditio~ is eliminated by the engine Coritrol
system which maintains operation below experimen-
tally determined stall and surge limits.

Wh3h the advent of increased rocket armament iim-
power and air-launched guided mkil~ 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-
tim. It was detetied, 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 sigmiiimn~ but also gave rise to a question
as to the fundamental validity of those parameters used
to predict the owmrrence of stall and surge.

NACA research efforts have led to a major clarifica-
tion of the armament firing problem and wmore real-
istic approach toward the delineation of compressor
stall and surge limits. It was determined that &der
the conditions of the sudden ingestion -of rocket ex-
haust * the multistage compressor no longer could
be considered as an integral unit. Iask@ the com-
pressor must be accepted as a series of individual com-
pressor stages, each one operating under different air-
flow, p~e, 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
correlqte accurately with hiterto unexplained experi-
mental da~ and the basic parameters used to delineate
stall and surge were veriiied. 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 indicatas 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 fncil-
ity to higher power or speed ranges by using a special
ga9 medium for twt purposes.

In the fundamental work of determination and pr[
diction of losses across axial flow blade rows it was
determined thatmajor mixing loises resulting from the
wake downstrwm of the blade occur within ~4 to Ij
chord length behind the blnde trailing edge. These
resolts are indicative of the important part played by
mixing 10- in the development of overall compressor
losses and point out suitable measuring stations
comparisons of d.Memnt blade configurations.

for



.- —

REPOET NATIONAL D“VISORY COMMt’lTEE FOR AERONAUTICS

.—— —.—. —..—+.. .. . . . —--.—- --- . . —-

-+-** .,,: -,... . . ,’ ,.
-

f
,.. . .. . . . .

.,

‘4 “ “ -’ “-*
+-. ” . .

..

I
I

I

,!

I

Jet airplaneiiring rockeb

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

Turbine Research

h“ the field of turbtie r~rch, NTACA11ssdemon-
strated the po~ibility of reducimgthe weight and sim-
plifying the production methods for turbines. The
weight reduction is not limited only to the turbine itself.
It is reflected also hi the reduction of the weight of
the engine frame and aircraft frame bemuse of the
lighter turbine. Manufacturers estimate that between
6 and 10 pounds of airplane weight can be saved for
each pound of turbine weight. Three basic advan~~
me gained by weight reduction: (1) licrease either
range or load capaci~ of aircraft; (2) decrease the
rotational inertia which tits in more rapid engine
accelemtion and less gyroscopic effec~ and (3)
conserve strategic materiah

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

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

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 sepma-
tion aud secondary flow. Work completed during the
year includes similarity solutions for three dimensional
incompressible laminar boundary layers; an analytical
and eqimimantal: investigation of secondary flows in
ducts; and analym of particle motions in three dimen-
sional incompressible laminar boundary layers.

A tabulation of mass flow parameters for use in de-
si=w of tnrbomachine blade rows has been published.
These tables permit a quick and acoumte determimtion
of the inteamated mass flow and various locations
throughout a blade passage.

Turbine Cooling

The application of turbine cooling to gas-turbine-
Q-pe engines permits increasesin turbine inlet tempera-
ture to the point where engine power can be increased
greatly. Some applications can serve to improve the
speci.lic 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 extrem~ 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 requ.irirg 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 exchange%
and an analysis of laminm incompressible flow in semi-
porous channels.

comRoLs
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 redesiba of previously satisfactory hnrd-
wme in order to eliminate unanticipated “chuggin~
or rocket motor instabili~. NACA research in the field
of rocket dynamics and controls has indicated that p~per
designs can be translateddirectly 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 li@d propellant rock-
ets. Chugging is characterized by severe oscillations
in combustion, in the range of ‘75-300 cycles per sec-

---- ‘-— Liquid propellant tank

- -----–- ---- Injector

Pc
------: ----– Combustion chamber

4139104-5~

ond; these oscillations can rwult in rocket motor fail-
% missile structural failure or guidance inadequaq. -

A basis for understanding the nature of the insta-
bility may be achieved by examination of a simple
rocket systam consisting of a thrust chamber fed from
a large prwurized tank, and having a very short line
from the tank to the injector, (see sketch).
In,this hypothetical case the pressure, Pl, ahead of the
injector can be considered constant, but the combustion
chamber presur~ PC, and therefore the pressure drop
across the injector can fluctuate rapidly with changes
in combw+ion. Thus, a disturbance in combustion
chamber pressure causes a change in the preswre drop
across the injector and a corresponding change in pro-
pellant flow; the change in propellant flow in turn
causes another changn in combustion pressure. Conse-
quently, any fluctuations, in the combustion chamber
pressure are amplified and the system can be tmst.able.
For any specific rocket motor it has beeu founcl thnt
increasing the propellant pressure at a fixed combus-
tion chamber pressur~ can stabilize the system and
eliminate chugggg. However, the stability has been
achieved at the expense of an increase in v eight 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.

h an NACA controls iesearch project, a basic rocket
system, co-m of a propellant - pipe lin~
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 apparen$ as it is shown
that component dynamic charactmistics do not vary
proportionately with size. Proper attention to selec-
tion of components can eliminate resonancw that letid
to imitability, and increased propellant flow velocities
can substantially reduce the propellant pressure (and
therefore the rocket weight) required for stability. In ‘
additio~ the requirements that must be met by a con-
trol system in order to maintain rocket motor stnbility
over a range of thrust,leve@ are shown. Analog com-
puter simulation of the rocket system prior to asmmbly
of the physical components can greatly reduce develop-
ment time and cok

In turbpjet engine controls resenrch, experimental
programs on speed control and temperature control
were completd. Previously derived analytical op-
timization techniques were corroborated and gains in
controlled en=gineperformance were evaluated.

Instrumatakion research has resulted in new auto-
matic data recorders and data reduction t.dmiqu~ a
new mass-rate flowmeter for rocket propellants, a lith-
ium fluoride scintillating dosimeter for mensurement of
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ionizing radiation, and advanced thermcwouple tech-
niques. The feasibility of mmsuring temper%ures in
the range from 3,000° to 4,000° F. by use of a cylindri-
cal tube ‘moled by interior liquid circulation (cooled-
tube pyrometer probe) was established.

POWER PIANT MATERIALS

~gh Temperature ~OyS

It has been recognized for a number of years that
small vmiatiom-in chemical composition can result in
lnrge variations in the strength properties of alloys.
These effects have been well explored for the major
allo~o constituents such ~ chromiwII, ~ckel, mb~~
and iron. The effects of minor alloying additions such
as boro+ zirconium, hydrogen and nitrogen, have been
recobdzed where the effects have been drastic, such as
the hydrogen embr@ement of titanium and steeL
However, there is insul%cientgeneralized information
available on the extent of “theseeffects,,and the nature
of the mechadm by whi’ch quantities on the order of
50-100 parts per million can be so influential

A recent study directed toymrd obtaining a better
understanding of the problem made use of vacuum
melting since ~his process offered the best chance of
controlling alloy d“emical composition precisely.
Crucibles made f+om tiee materials, aluminum o~d~
stabilized zipxmium oxide, and magnesium oxide were
tied to contain the melts.

It soon became apparent that alloys melted under
these cond.%ons 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. Analyses for the
minor constituent@ zirconium and boron quickly re-
vealed significant difl?erau~ although neither of these
elements had been deliberately added. Several quest-
ions were raised by these results. Firs$ where was the
boron and zirconium ccun.higfrom? Seccm< could the
effects be related specifically to the variations in boron
and zirconium. And last, what was’the mechanism? ‘

The source of boron and zirconium was traced to.the
crucibl~ specifically the zirccmiaand magnesia Small
amounts of boron and zirconiiun are present in crucibles
made from these materials, and during the me-
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 mustbe present to obtain the maximum effect and
this occ~ at 100 pp. m. of zirconium and 88 p. p. m.
of boron iri i%eUdimet 500 alloy studied. These levels
of zirconium and bor’on result in a stressrupture life of

040 hours as compared with 50hours 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 pm-
ticular, variable boron pickup from the usual magmia
refractories used in commercial vacuum melting could
explai.p many of the variations. Unrecognized intro-
duction of boron 02 zirconium with the melting stock
couId be, another sourca of vm-iabiIity. In addition,
the relationship between zirconium and boron h prob-
ably wfurther source of variation when such elements
have been purposely added to an alloy.

Physics of Solids
Ceramics have ‘long offered promise as practicul

high temperature materials. Their strength proper-
ties, oxidation’ resistance, and stabili~ upon exposure
to high temperatures are all good, but their ,brittleness ,
or lack of ductili~ lendsto poor resistice to thernml
and mechanical shock. These latter characteristics
have so far prevented their use in ag?plicntions such
as turbine engine parts.

The reasons for their lack of ductility me not un-
derstood. It is possible that some of the brittleness
may be due to surface imperfections on an ntomic
scale. This possibility has been studied for u number
of years and is based on experiments with rock snlt
single crystals

These studies show that a freshly polished snlt crys-
tal surface will develop microscopic cracks if nllowed
to stand in air for a few hours. Electron microscope
studies reveal that these cracks tend to dine them-
selves along planes that have the highest ntom density.
Repolishing by dissolving the surface in water will
produce a surface fra from cracks until it is agnin ex-
posed to air.

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

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

Single crystal specimens were fabricated and the
surfaces treated to remove imperfections nnd cracks.
The specimens were then bent nt room temperature in
much the same mnnner as the rock salt crystals. The
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Ductility of mngne&ua oxide crystals.

results were similar. The crystals were bent easily
and showed no evidence of era-eking.

The above results are prehmirmry and at best are
applicable only to single cLysiMs. Since practical en-
gineering materials are usually polycrystallin~ it is too
early to determine whether cerwniu may be madei
ductile for en=tiewing 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 engin~ it carries with it
rdl of the fuel and oxidizer that it needs. In one sensq
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@ therefore, a combina-
tion of great importance. The higher the propellant
specific impulse, @e greater is the potential perform-

ance of the vehicle that may be clesib~ed to use the
propellant

Reseaich on fuel and oxidizer combinations or pro-
pellants is directed tovmrd obtaining materials yield-
ing higher specific im@se. Commonly used propel-
lants include modiiied jet engine fuel and liquid oxy-
gen, red fuming nitric acid and dimethylhydrazine.
Propelkmts having substantially higher speciiic 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 iti desirable characteristics pose difiicult prob- .
lems. It is so reactive that it -will combine violently
with m-my of the common pipe, t@ and gasket mate:
rials. It combines with fuels to prodnce very high tem-
peratures, thus-complicating an already diilicult cool-
ing problem in rocket nozzles and combustion cham-
bers.

A portion of NACA’S propellant rmarch is directed
toward laming 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. The-seprocedures resulted from a
more comprehensive study to determine’ the perfomu-
ance of chemical rockets using propellants containing
carbon, oxyagen, fluorin~ hydroge~ nitrogen, and
boron. ,

. ...—. — . ——
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A number of investigations on the compatibility of
g%eous fluoride with a ~umber of seal mat~rnals,t%d
lubricants, valve packings, etc., have been completed.
Studies of materials compatible for use with fluorine
in practical rocket propulsion systems are continuing.

AIRCRAFT CONSTRUCTION

Research at high temperatures and for high-speed
aircraft and missiles is holding the center of the stage
in the aircraft ctmstruction.fk.ld. 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 resmrch at high temperati the need to
reproduce the environments in which structures must
operate calls for new testing techniquw on which sig-
niiixmt effort is being spenk

h in previous yea% dissemination of important re-
search results on aircraft construction through a special
NACA conference was found to be effective. Tlie con-
ference attended by representatives of the military
services and a 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 constmmtion
is given in the following paa~ and is divided into four
sections: Aircraft %ructur~ Aircraft Loads, Vibra-
tion and Flutter, and Aircraft Structural Materials

AIRCRAFT Smiucrmtm

Tha burning up and disintegration of a meteor as it
entem the earth’s abnosphere is a graphic illustration
of one of the most important problems ever to face air-
craft structural designem. This problem is aerody-
namic heating. Any object such as a metaor moving
at high speed through the atmosphere compresses the
air ahead of and around it and this compression heats
the air. The hQher the speed, the greater the heating.
For an airplane or missile traveling at 2,OOOmiles 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 which
are otherwise pwsible are to be realized.

Solution of thermal structures problems require a
lmowledge of th6 temperature distribution expected in
fighh Hat flow and temperafi distributions within
typical aircraft structures have been determined
analytically as well as through the use of an Electrical
Thermal Analogue Computar. Recent investigations
have utilized aerodpamic and radiapt heating facili-
ties to provide test data on the effecti of joint thermal
conductivity and interred radiation on structural tem-

perature dktributiom 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 poss+s sutlicientstrength and stiilness
to withstand the loads to be encourbred in flight. The
nonuniform temperature distributions experienced by
aircraft structures at high speeds induces thermul
stresqesin the structures with resulting reductions in
strengig and tines Radiant heating facilities have
been utilized to obtain test data on the effect of thermal
strwws on the buckling and ultimate strengths of
wings and fug.elagw. The combinations of compres-
sive stresses and thermal stresses which result in per-
manent buckling of structural components has mlsobeen
invwtigated experimentally and a simple method for
predicting the onset of permanent buckling has been
developed. Stzmcturesloaded under high temperatures
for long periods may gradually deform and iinally fail
by creep. Recent contributions on the creep problem
have included data on the creep behavior of structural
elemenb and the correlation of test results with basic
materials data. h 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 faikme, for determiningg the statio
strength of structures containing fatigue cracks, and
for proper proportioning of prtied fuselages tm
prevent catastrophic failure have been investigated.
Constant+unplitude fatigue tests of full-scale transport
wings have been completed and a program of spectrum
loading of similar wings is nearing completion.

Aircraft me designed as much from a stiffness stand-
point as from a strength standpoint. . One means of
predicting the stifies 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 fight without fail-
ing or suffering excessive deformrttions or loss in *-
ness, they must also be light in weight. An extra pound
of structure starts a chain reaction in the growth of
aircrwft weight. It takes more fuel to carry the extra
structure; heavier engines to cmry 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 M 10 to 30 pounds of additional air-
craft weight. The return for dollars spent on research
vdtich 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 struc-
tural materials.

Sandwich Construction
Srmdwich construction is an excellent example of the

results of man’s attempt9 to use structural materials
efficiently. It is this same idea which ia used so ex-
tensively in the fabrication of cardboard for boxes and
packaging. In this case the sandwich consists of two
sheetsseparated by n corrugated core. There are many
types of sandwich which have been successfully, used

HONEYCOMB CORE TRUSS CORE

.’, ,

TUBE CORE WEB CORE

Four types of snndwich construction considered for aircmft and
missile structuma.

in the construction of aircraft but their use has gen-
erally been limited to lightly loaded, secondary parts
of the structure. Increases in flight spee+ and tem-
peratures and in the- need for reducing structural
weigh$ 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 stfiess per unit

weight. Studies have been conducted of airframe com-
ponents made of various materials to asses the relative
structural efficiencies of those made from sandwick
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 rLircraftskins just as they do the diaphragm
of a microphone. Engine and aerodynamic induced
sound waves increase with engine power and flight
spee@srwpectively. Tests hwveshown 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, therefo~
can endure more severe acoustic environments.

The most severe structural problems arising from
aerodynamic heathqg are those associated with thermil
stressescaused by uneven heating. The results of ther-
mal stressesare well known to anyone -whohas 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 ~ and the effects of such stressw
are minimized. This thermal stress-releaving char-
acteristic of sandwiches will play ‘kn important role in
perniitting aircraft to fly under conditions where severe
thermal gradients exkt in the structure.

The high insulating capaci~ of sandwiches makes
their use particularly promising for high speed aircraft
where the s@cture is hinted aerodynamically. The
natural insulating qualitiw of sandwiches can be sup-
plemented by the addition of insulat@ materials “
placed within the cavities or on the interior surface of
the sandwich panel. Sandwi& panels of various de-
signs have been twted in laboratory haling facilities
imd wind tunnels Co determine their insulating ca-
pacity. These panels, even without insulating ma-
teria~ were found to be effective in retard@ bent flow.

“ hsulation can at best merely retard the flow of heaL
It cannot stop i~ Certain flight environmenix 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 necessaq to pro-
vide cooling systems. Sandwiches with their cavities
lend themselves to such syste~ by providing passages
for the flow of coolant.

Anothar advantage of sandwich construction is that
materialsof thinner gages can be used. Elevated tem-
peratures resulting from aerodynamic heating during
high speed flight require the use of high temperature
materials such as steel, titanium, and nickel base alloys.
These materials are heavier than alumin~ and, there-
fore, must be used in thinner gag= if stmctural 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 f abri-
tated into sandwiches. I?rogr- in wel~~, and other
methods of attachment,have now made such fabrication
posible. The results obtained from current studies in-
dicate that sandwich type plates provide an effective
means of efficiently utilizing high-density, heaLresist-
ant materials.

Unfortunately, there is not a si@e sandwich con-
figuration which will provide optimum values of all of
theabove properties. In spite of the progress to date,
additional structures research is needed to guide the
aircraft designer in selecting the sandwich typ and
proportions most suitable for his particular application.

AIRCRAFT LOADS

A few years ago the payload was a large percentage
of tie total airplane”weigh~ but this ratio, which has
been decreasing gradually, is being drastically reduced
for future airplanes; in fac~ 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. Thns items
such as operational statistics on aircraft usag~ blast
effects of weapons on aircraft, and better definitions.of
turbulence environment have assumed increased. im-
portance; furthermore, lmo-ivledgeof the detailed dis-
tribution of load over wingsj fuselages and tails, has
become hlcreasingly critical for efficient structural
design.

As part of the general pro=~ f or.improving struc-
tural design, statistics of airplane utilization in routine
operations me required. The rniJitary services have
contributed to the available st@stics on maneuver loads
by fairly wide coverage of flight operations of spec%c
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 aircrafi “The NACA has
contributed by collecting data from one completely iu-
truinented airplane of each of several types. Asa result
of these measurementsthere now-exists ~ better under-
standing of how rLirpl~es ar~ tid; for instancn,
eno~oh 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 airplanw. These studies also
provide an understanding of the instrumentation re-
-quire~ and the procedures to be followed in mwluating
a large sample of data. It is, for exampl~ 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 whold air-

plane, are becoming increa&ngly iinportant; conse-
quently, experimental studies me being conducted with
specially instrumented models to investigate fnctors
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 es-
plosion center nnd by varying the size of the explosive
charga

Collection of .-t lode 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 is
being given to studies of horizontal gust components
on aircraft loads as well as motidns in flying through
turbulent air. In these studies airplanes and rocket-
powered test models are being used. The r@ts ob-
tained during the past yem have contributed to the gen’
eral knowledge as well as furnished improved meth-
ods of a+ysoum%gfor effect9 of structural elmticity on
the results. Procedures hnve been developed for cal-
culating the lateral and longitudinal response of a ri~d
airphme to continuous turbulence and a method has
been developed for converting fight test data to my
equivalent wing stiilness 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 n reduction
of the larger gust velocities by about 25 percent. The
radar,, however, seemed to have no appreciable effect
on frequency of encomtering the smaller repented
gust loads which affect the fatigue life of the mirplnne
structure.

Research on ~ouud 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 thq.janding con-
tact conditions of airplanes, and by undertaking tests
@ which loads were measured in the landing strut
while taxiing over obstacles of various shapes. The
exqierimental work has been supplemented by analyt-
ical studies of effecti of shock strut friction, metering
pin design, and oriiice coallicientson the landing gem
rwponse9.

The coefficient of friction of tires as affected by for-
ward spee~ condition of yaw, tire pressurq and prero-
tation continues to be of interest pnrticnhmly becnuse
thisiinformation is needed in ‘analytical computations
of lends on landing gears during landing as well as
in ground handling. A number of tests of various
tirw at, slow speeds and various angles of yaw have
been completed and show that for yawed rolling in a
straight line the i%ndency for the tire to ‘fgo mound w
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 wingg 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
plnnform and other stubby swept wings are being co~-
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. Eqerirnentnl investQation of the loads over
various types of unique control devices, such as W@
spoilers or deflected tips, have been undertaken to sup-
ply a deficiency in the data that esist for control loads
at trrmsonic speeds.

Although much has been accomplished toward de-
veloping rational methods for estimating vertical tail
loads, designers are pla~ned with tail loads that occur
when rolling at high angular velocities, when the air-
plane is flown near conditions vrhem instability occur%
or when disturbed flow from the fuselage intersects the
tail. Consequently, tests of specific airplane models
for a rnnge of contigumtions in sweep, tail height, etc.,
have been undertaken to measure loads. The comb-
ined tests cover a range of Spmdsj w@= of attack,
and yaw angles such as would occur in tlight. The
information obtained will assistin accounting for these
effects on the tail loads.

Loads over models of specific airplanes and missiles
have also been measured for the purpose of supplyiqg
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 variablw cannot be controlled have
indicated the need for more accurato 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 problams confronting the airplane

designer is that of providing landing gear of suf6cient
utility with regard to ground handl.@ procedurw, of
adequate strength to withst~d the initial landing im-
pact and other ground loads, and yet of sufficientlylight
weight so as not to penalize the operational efficiency.
In addition the designer must avoid problems that are
associated with oscillatory landing ~-r behavior.

Perhaps the best lmown 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 airplane-shave also been subjected
to phenomena that have been designated as “brake
chatted’ and %mdki@’ both of which involve a fore
and aft oscillation of the wheel and strut. Brake chrk-
ter occurs because of the undesirable friction charac-
teristic of some brake-lining material when subjected
to high braking 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 gem to shake in a *
fore and aft direction. Although the %mlki@’ phe-
nomenon has the same wheel motion as that of brake
chatter it is quite diiferent and can perhaps be best
illustrated by grasping a lead pencil by the sharpened
end and then trying to push the eraser smoothly rdong
a tfible 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
@ designing a land@ gear, we can look in more detd
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 rmction during landing, the loads
encountered during ground maneuvering, problems en-
countered because of special use of airplanes, desigu-
ing for fatigue, and effects of component behavior.

h order to improve design criteria it has been neces-
sary to devise methods of collecting more acctmatesta-
tistical data on descent velocity, airplane altitude, and
rotational and sidedrift velocitim 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 ~ginws! “etc.!
the problem of collecting these data is fundamentally
of a statistical nature.

~en airplanes were small and land@ speeds were
low it was suilicient to desiag, a landing genr and its
supporthqg structure h sustain merely the vertical im-
pact loads. & airplanes became larger and landing
speed increased,. it became necessary to considei 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 & contacts the
runway and then spring forward asthe force required to
spin the wheel diminishes. Because of the flexible-wing
stmictureto which gears are attached it has now become
necessary to know in detail how these impact forces are
applied to the landing ~-E. The two mwjor uncertain-’
ties regarding landing gear drag loads are: (1) The
magnitude and variation of loads applied to the land-

@ @r} (2) the d~~c mo~e of the gear, i~



.-

38 REPORT NATIONAL

‘ adjacent attachment structure, and remote
such as engine nwdles that are excited by

ADVISORY coMMIT’TEE FOR AERONAUTICS

structure

the loads
transmitted through the land@ 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
si=guificantlyaffect the dynamic loads in the ~maror
other parts of the airplane structure. Effeotive prog-

. ress IN-Wbeen 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 deshentvelocities.

The problems encountered due to ground maneuver-
~g have a~o b~ m~ged by faster landing m
and tti 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 po~ fuel tank+
or externally mounted missiles, because the run-way
roughness may cwxw the m-ingto vibrate through large
amplitudes at its natural frequency. To assist in solv-
ing the problems encountered in ground han~~, the
contour of typical rough and smooth runways have been
measured. Oth~r factors aff@ing ground handling
loads are side loads generated in turns, loads due to

under rolling conditions. Progress has been mucle to-
ward solving these problems and the Lrd.ing Lode
Track is contributing significant results thnt me ob-
tained under conditions of forvw-mdspeed.

Landing Loads Track ,

To assist in providing basic datn needed to improve
landing gem design the NACA has recently put into
operation a unique facility, the Landing Loads Tmclr.
The Langley facility consists of mhydraulic jet catw
pul~ a carriage that rolls on a track, an mresting genr
for stopping the cmria~ and suitable housing for the
test equipmen~ carriage, and control room. The tmck
upon which the carriage rolls is 2#00 feet long with n
30-foot tread and is built to a very close tolemnce, ilevi-
ating not more than 0.003 inch from level nor mor~
than 0.015 rnch in rail spacing. The carriage find test
equipment weighing approximatdy 60 tons me accele-
rated by a hydraulic jet impinatig on a specimlly
shaped %ucket” at the rem of the carriage so as to
exact fi thrust of 200 tons on the carriage. Writer is
ejected through a 7-inch diameter nozzle by nir under
3#60 pounds per square inch pressure to form the jet
which travels a maximum of 400 feet while nccelernt-
iug the carriage to 150 miles per hour. It is interest-
ing that although the ener.w involved is sutlicient to

bined tests cover a range of Spe.edsjW@eS of att~k,
nnd yaw angles such as would occur in t@ht. The
information obtnined will assist in account~u for these
effects on the tnil loads.

Loads over models of specific airplanes and missiles
have also been measured for the purpose of suppl~~
structural design information. me such tests have
not been part of a planned research program, the data
obtained generally yields information =whiclIcan either
fill in e~ing gaps or indicate areas where more work
is needed. Flight invest@@ons of flexible aircraft
where many of the variablw cannot be controlled have
indicated the need for more accurate methods of data
reduction and data correction m“ that wind-tunnel and
fi@ results can be compared on some common basis.

Landing Loads Problems

Typical of many problams confronting the airplane
designer is that of providing landing gear of suf6cient
utility with regard to ground handl@ procedures, of
adequate strength to withstand the initial landing im-
pact and other ground loads, and yet of sufficientlylight
weight so as not to penalize the operational efficiency.
In addition the designer must avoid problems that nre
associated with oscillatory landing ~-r behavior.

Perhaps the best lmown 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
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ing for fatigue, and effects of component behavior.

h order to improve design criteria it has been neces-
sary to devise methods of collecting more acctmatesta-
tistical data on descent velocity, airplane altitude, and
rotational and sidedrift velocitim 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 ~ginws! “etc.!
the problem of collecting these data is fundamentally
of a statistical nature.

~en airplanes were small and land@ speeds were
low it was suilicient to desiag, a landing genr and its
supporthqg structure ti sustain merely the vertical im-
pact loads. & airplanes became larger and landing
speed increased,. it became necessary to considei the
large drag force that results when the wheel scrubs on
the romvay 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 M contacts the
runway and then spring forward asthe force required to
spin the wheel diminishes. Because of the flexible-wing
stmictureto which gears are attached it has now become
necessnry to know in detail how these impact forces are
applied to the landing ~-E. The two mwjor uncertain-’
ties regarding landing gear drag loads are: (1) The
magnitude and variation of loads applied to the land-

@ @r} (2) the d~~c mo~e of fie gear, its
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Landing gear monnted on carriage of Landing Loads Track.

the operating limits of the aircraft. Maintaining this
margin between operating speed and flutter speed is
increns.inglyd.iflicultin 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 Qmhter

. and bomber airplanes and to a leswr degree the jet
transport, the providing of adequate structural stM-
ness to forestall flutter is becoming more critical than
providing enough strength to susbin the aerodynamic
loads.

Flutter

Because flutter is rLcomplicded phenomena involving
the air forces on a vibrating w~~ and the elastic and
inertial structural propefies which determine its vi-
bration chmacteristicsj the flutter analyst cannot intu-
itively judge the relative importance of the various
pmametem. 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
lmowlsdge of the flutter characteristi,mof wings repre-
sentative of those being considered by designers.

A major part of flutter research consisk of deter-

-~ the susceptibility to flutter of wind tunnel
models which are scaled down ve~ions of full scale
aircraft components. Thus, for exampl~ by testing
a series of wings which constitute a systematic varia-
tion of some parameter such as planformj 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 td.s made of a series ‘of wings of varied plan-
form whose spans were shorter than their chor@ a
series of wings with external stores mounted in various
location% and a series of wings with control surfaces.
The results of such research furnish the designer with
engineering information on configurations which rLp-
proximate his design and suggg ways in which the
design can be improve&

In addition to these studies of generalized models nu-
merous studies were made of the flutter chamcteristic.s
of models which Jwere accurately scaled to represent
particular military aircraft- Such studies provide a
more accurate estimate of the flutter characteristic 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 desiggem with information as to the distribution
of the structural weight, stiilness, effectiveness of
dampe~ effect of mass and store locations and control
surface parameters for his particular design so that
flutter can be avoided. In the last 5 years the number
of these projects relating to specific d@ns has in-
creased from 2 to 12 amnmlly which is convincing evi-
dence of the increased importance which flutter con-
siderations are playing in aircraft design.

Aerodpmmic Aspects of Flutter
The aerodynamic forces on a wing during flutter a~

of course, an important part of the flutter problem.
During the 1930’s, mathematical methods of calcnlat-
~u 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 iniinite span, of zero thickness and that
compressibility effects were nonexistent. Subsequent
modifications of thekamethods 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 fluttmrand the need for narrower mar-
gins have made the inaccuracy in these methods unac-
ceptable. One particulti line of research toward im-

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

These earlier theories based on flat pl~te or zero
thickness considerations indicded the encmragin~
prospect that susceptibili~ to flutter might actually
decrease with increasing speed in the supersonic speed
regime. Recent investigations matie at a Mach Num-
ber of 7 shattered this hope when it was found that flnt .
plate airfoil theory did not agree even approximately
with experiment. when the theory was modifieil to in-
clude some of the aerodynamic effects of airfoil thick-
ness it was found that the susceptibility of m airfoil
may not decrease with speed. As a consequence m
incremed attention is being given to flutte~ research nt
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 tid tunnel and the aerodynamic forces
resulting from this vibratory motion are measured. In
the past, these measurements have been limited to so-
called rigid vibratory mod% i. e., pitching and trnns-
latory motions of a two-dimensional wing. More re-
cent studies hrwe included measurements of the oscil-
latory presures over the surface of rigid wings of fi-
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Photo=-ph showing vibration mode of wing. Sand has been sprinkled on a vibrating wing. The sand concentrates where no
vibrational motion exhts, thm deiining the node lin&.

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 di5cult task and
successful attainment represent the culmination of
many years effort in developing the unique instrnmenta-
tion and experimental techniques required.

Structural Aspects of Flutter
A lmowledge of the vibratoq characteristics of the

aircrmft structure, that is, the modes of vibration and
their frequencies, is an essentialpart of the flutter prob-
lem. The factors important to structural vibration are
the elastic properties of the structur~ the distribution
of weights supported by the structure and tho weight
of the structure itself.

The short-span, thin wings coming into usc present
rLdifTerentproblem than that for the long span wings
which could be treated analytically as beamssubjected
to bending and twisting. These short-sparewings 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 -wasfound
that e’ven the most sophisticated existing theoretical
methods hpd defickmcies. The manner in which these
deficiencies can be reduced by further refinements in
the theory was demonstrated. ●

While improvements in analytical tecbnique9 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 experimental 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 whiih 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
stifiess and thus greatly increasethe liability to flutter.

Kernel Function
The accuracy @h -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 en@mmring thus resolves into a need for more
tum.n%temethods of cnlcukting the aerodynamic forces.
As reported in previous Aunual Reports it has been
found possible to mathematically exp~ 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 nectxmry to apply this kernel
function solution to obtain the aerodynamic derivatives
at subsonic and sonic speeds corresponding to n partic-
ular vibratory motion of a T@ represents an extremely
large comput~u task but one which is vvithin 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 arbitrag planform.
It applies to wingg of short span whose vibration.
modes are rep~entative of thin plates and it takes
inta account the effects of compmssibility.

In a cooperative projec~ the Air Force has sponsored
the computation of the mathematical functions relating
to the kernel function utilizing the large Mark IV com-
puter operated by Ekard University. This tabula-
tion is virtually complete and the vohuninous tables

resulting from this computation mill be published.
The acquisition by the hT~CA and many of the mir-

craft manufacturers of IBM ?’04 computers has mode
practical elaborate flutter analyses using the kernel
function method to obtpin the aerodynamic forces. On
this type of problem this computer will, in less thnn 15
minutes, furnish a solution which would require several
yearn by an operator tith a desk calculator. A conskl-
erable effort has been expended on the development of
a computer pro=mamiug and coding procedure neces-
sary to such a flutter analysis. For a lnrge and in-
volved computing task such as this, this pro=gmning
and coding constitutes an integral and important pnrt
of the analytical solution. The rcmdts of this develop-
ment work are beimg supplied to interested nircrnft
manufacturers powssing suitable computers.

While the techniques which have been evolved to dnte
furnish reasonably nccurate answers which constitute
a major advance over previous flutter nnnlysismethods,
efforts ~ being applied to further improvements.

sTRuCITJR@ MATEW

The foremost problgm of aircraft structural mate-
rials is the development of materials that can with-
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stand the high temperatures that come with hypemonic
flight and aerodynamic heating. Before the advent of
hypersonic i@ht, the aircraft designer could get by
tith conventional materi~ available from suppliers
and adequately characterized in handbooks. These
structural materkds were not developed with high “tem-

peratures in mind so it is not surprising that their util-
ity in hypersonic aircraft is sornetbjng less than
optimum.

The structure of future aircraft -will run a tempera-
ture ~mut from a few hundred degrees for some super-

sonic akplanes to the stagnation temperature of the
ICB~ which fl be high enough to vaporize any
know materkd. It obviously woulcl be a rare case
where optimum material for one @e aircraft w-ould

be optimum for another. In the futur~ many more
different types of matarhds will be required than has
been the case in the pa+.

At atmospheric temperatures, nearly all of our struc-
tural materials can be considered to be stable, i. e., their
characteristics dl vary only s~htly -with time. Con-
sequently, stabili~ of structural materials tith time
has been of relatively littleimportance. But at ke
high temperatures to be encountered by future aircraf$
this stnbili@ 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 materi~
and the effects of time on the properties of materials
has to be kno-wm

Materials properti~ such as emissivitg, specitlc hea~
thermal expansion, and thernd 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 strew, 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 lmown and considered in design.

For certain new designs there is the possibility that
our present “on the shell?’ materialismwill be satisfactory
or at lenst usable on an interim ba~. Their worth
crmnot be fully appraise~ however, .util we lmow
more about them. The NACA is gathering some of
thb 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.

The enrissivity 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 tempera-
radiant ener+g is insiagniikan$ but at high tempera-
tures radiation becomes important, since it variw M a
fourth power of the temperature. In NACA labora-
tories and urider contract research, apparatus has been
developed to measure emissivity. Emkivity daixt on
materials such as stainless steal, nickel based allo~
titanium alloys, experimental ceramics and many
others have already bten obtained.

Eigh-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
heai%d by passing it through a mass of ceramic ma-
terials at very high temperature have recently been
constructed Temperatures to 4,000° F., speeds to
Mach 4, and stqyation pressur es to 1,600 p. s i. are

possible. To dab about 400 tests of materials have
bwn made. Efforts are being made to increase the tem-
peratur~ the air spe@ 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 je$ powered and heated by an electric arc. This
facility can produm a supersonic air jet of 3.2,000°F.
with an ability to produce a heat input to model ashigh
as 2~00 B. t. u’s per square,foot per second. The arc-
image furnace is still another facility for reearch 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 mother, parabolic mirror, and the energy ~ ~

fOcused at a petit, ~tirely free of aneo~ che~-
cal, electri% or magnetic effects. A material can be
exposed to extreme rates of heat flux at either hQh or
low pressures in any desired atmosphere.

Research work on structural materials for supemoruc
aircraft has been .aatly 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 proges in research
on structural materials can be expected from these
facilities.
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‘OPERATING

The NACA has conducted research to study those
areas and problems concern@ 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 proble~ have been
sought for many years while somq due to the rapid
advancement in airplane dcsib~ and performs.mw, 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 aircrafk Another 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
phenomena and for more accurate predictions of its
variable chmm.teristks 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
Aircraft lc~~, have also been studied by the NACA
for many years This research has resulted in the ac-
complishment of satisfactory methods f or.,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
reemphasized and only special problems are being
studie& Aircraft safety is aq area of NACA research
which covers many aspects of aircraft operations.
Problems associatedwith the techniques of aircraft con-
trol for all phases of operation, measurement of air-
speed’ and altitude which the pilot needs for safe
operatio~ alleviation of atmospheric effects that may

* endanger normal tl.igh~ devices to insure successful
pilot escape during emergencies, appraisal of equip-
ment reliribility, prevention of fires f ol.lowing aircraft
crashes, and the lowds 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 asist the NACA in formulating activitiw on
those operational problems requiring =arch, the fol-
lowing technicfl committwk, which. are made up of
membem 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
SafeQ, Subcommittee on Aircraft Noise, Subcommittee
on Icing Problems and Subcommittee on Meteoiologi-
cd Problems.

FLIGHT SAFETY

Approach and Landing Operations

Acoident statktk indicate, that two-thirds of the
major accidents occur during landing and takeoff op-

PROBLEMS

erations. High landing approach speeds mny result h
overshooting the rummy, while subminimum approach
speeds may”msult in tmdemhooting the rummy, both of .
which can and do result in major aircraft damage, in-
juries, and fat~ties. As part of the NACA research
program, a comprehensive study has been conducted on
42 fighter+pe aircraft to determine those factors
which intluence the pilot’s choice of approach speed.
Fliglit and simulator studies were conducted utilizing
lift-drag characteristics, longitudinal stability charac-
teristics, and engine response characteristics. Impor-
tant factors influencing the choice of wpproach speed
were isolated and examined in detail. Simple criteria
for predicting approach speeds within a given toler-
ance me presented in the published report on.this study.
Other data obtained from this study wfford wbasis for
a description of the factors that @3uence the pilot’s de-
termination of approach speed as well as flight mefis-
urements of engine responses-to throttle movement.

The comp~hensive studies just described point to the
importance of precise glide-path control during the
landing approach. For propeller driven aircrmft,pre-
cise glide-path control is usually accomplished by pilot
adjustment of the throttle. However, for jet aircr~ft~
airplane response to throttle manipulation is not nerwly
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 menns of modulat-
ing the thrust during the landing approach. It is felt
that the sucmssful application of this principle will
provide the pilot with a positive means of controlling
the aircraft during the landing approach such tlmt a
precim glide path will be more readily attnined. A
thrust modulator has been constructed and installed
on a fighter-@pe 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 tight.

‘Once an aircraft has touched down on the rummy
during a landing, airplaue handling technique wnd
braking effectiveness become of major importance, pm-
.ticularly on runway surfaces covered with ice, snow, or
water. An analytical study has recently been conducted
to determine the effect of different wirplane rdtitudcs
on the distancs along the runway required to come to a
stop. Comparisons were made bet-iveenthe techniques
of keeping the nose-wheel off the runway and the t@-
nique of keeping the nose-wheel on the runway for
several types of jet fighter airplanes and a trnnsport-
type airplane. Effects of factors such as speed, brak-
ing effectiveness,msidual thrust, and instantaneous fhp
retraction am discussed in the published report on this
study.
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Three-quarter rear view of experimental thrust reverser.

Braking effectivenesshas ken mentioned as most im-
portant during the landing roll, and although character-
istics of the mechanical brakes me 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
rtlmost nonexistent for various reasons; namely, the
lmge vmiabili@ of the runway surface smoothncs-s,the
mrmy different types of runway surfaces, the modifica-
tion of surface conditions due to inclement weather,
the differences in tire design, and the Wctity 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 coefficients available on various runway sur-
faces for use in determiningg the landing oyeration
limitations of “airplanes. The investigation includes
development of n towed vehicle suitable for the meas-
urement of rummy braking coeilicient characteristics
for the advice of incoming tra5c. To date, a towed
vehicle called the NACA friction cart has been devel-
oped, and braking coefficient,measurements on a va-

riety of runvray surfaces under various conditions have
been made with both the friction cart and an airplane
in an effort to correlate the cm-t and airplane measure-
ments. The tests included both concrete and macadam
runways in the dry and vret condition and also snow
and ice surfac~. -Braking coticient 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 suow; and a
mean value about 0.’2 on ice. values obtained tith the
friction cart vrere in general agreement with the air-
plane results. Further tests are being planned with
the NAGA friction cart to study the effects of water
depth, forward speed, and tire pressure on the braking
coefficientav’aihble on wet surfaces.

&other 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 -
has investigated the characteristics of two @pes of full-
scale thrust reversers on airplanes dur~o both stdic
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and taxi tests. The m’~tudes of the problems of the
heating of the airplane structure in the vici.ni~
of the reversed jet and the reing~tion of the exhaust
gases in the en=tie inlet are discussed in the published
report on this subjecL

Takeoff Operations ,

The ability of the pilot to recognize quickly any ap-
preciable deficiency in airplane acceleration during
takeoff is becom.iqg increas@ly important as per-
formance during takeoff becomes more critical. The
use of high wing loadings and wingg with lower maxi-
mum-lift capabilities, particularly on the newer jet air-
planes, has resulted in smaller takeoff performance
mr@ns on existing runways. Crashes h~ve occurred
during takeoff because of the pilot’s apparant inability
to recob@ze the fact that the airplane performance -was
1S than that predicted by the use of awiilable meteoro-
logical data and takeoff charts. Imsses in airplane
takeoff performance can occur from a loss in thrust, an
incrense in rolling or aerodynamic rAstanc~ or me-
teorological conditions different from those used in the
takeoff calculations. A instrument to aid the pilot in
detecting malfunction of the airplane dur~~ takeoff
has been proposed by the NACA. An evaluation has
been made of a prototype instrument desigmd to give
an immediate indication of loss in airplane accelera-
tion at any time during takeoff whep the pilot still
has a choke of continuing or stopping. Flight kts
of this instrument have revealed that some undesirable,
but satisfactory, frequency oscillation in the instru-
ment indicator needle existed due to airplane rwponse
to runway roughness. However, the indication re-
mained -ntially conhmt throughout. the tieofi.
Response of the indication to simulated partial power
loss vms immediate and the indication was consistent
for given power settings in different takeoffs. Com-
plete detail+of the instrument principles and operation
have been published.

Airspeed and Altitude Measurements

Continual need has existed for an accurate method
of measuring altitude and airspeed. These two quan-
tities me 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 measurementof tmo types
of pressure known as total head prexmre and static
pressure.

In theme asurementof altitude by the presmre 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 ortice on the
aircraft which sensesthe static pressure. In an effort
to summarize the errom involved in the measurement

COMMITTEE FOR AERONAUTICS

of static pressur~ the NACA has summarized the er-
rors associated with various design features of sh~tic
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 aircraft con-
figurations, attitudes and speeds and of the methods of , 0
calibrating static pressure installations in tight.

A study has also been conducted to determine the
effects of high-speed dives or climbs, particuhwly nt
supersonic speeds where shock and expansion wows ,
cnn affect the measurement of stntic pressure since nir
flows out of or into the static prwmre oriiices under
these conditions. Tests made at supersonic speeds nnd
over a range of airplane attitudes have indicated thnt
errors in stntic pressure would be enough to result in
a-Mach number error that is not insigdicant.

The error-sin the measurement of altitude increase
with both nirplane speed and altitude. However, this

does not mean that high-speed, high-altitude 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 ditlicult problem.
Errors which can be tolerated near the ground me much
smaller than those that can be toleratid nt high nlti-
tudes. Many agencies and organizations have studied
the problem of measuring pressure altitude of nircrwft+
In an effort to @her all available information on this
subject, a study has been made which ~nrizes the
error3 involved in pressure altimeter systemsthnt nrise
from the design of the measuring system 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 am
also presented of the overnll accuracy of pressure nlti-
tude as measured in n single aircrnft and the overall
errors of two aircraft in an effort to show the minimum
vertical separation which can be tolerated with present
instrumentntion and operating practices.

Pilot Escape

During aircraft operations it is sometimes necessary
in emergencies for the pilot and crew to leave the nir-
craft in fligh~ At low speeds this is rendily accom-
plished by the pilot merely climbing out of the cockpit
nnd throwing himself clear of the nirplnne prior to
using the parachute. In high-speed flight, however,
the wind forces are so grent that the pilot must be
mechanically ejected from the aircrnft. Usually this is
accomplished through the use of an explosive chnrge to
insure that he does not strike any part of the aircrnft
structure during his egrws. Exiting systems of pilot
ejection in present day aircraft have not been entirely
satisfactory because of the air forces and the resultnnt
tumb~c that is a direct result of plncing an irreguhmly
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shaped co@guration such as a pilot-seat combination
into a high-speed airstream. As an interim solution to
this ejection problem, the I?ACA has been conducting
wind tunnel testsat high spebd in an effort to determine
moditlcationswhich, if applied to existiqg 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 mod.hicatioris
Imvebeen investigat~ for tvvotypes of ejection systems.
These consist of air-streamdeflectors which have been
found to afford mtisf actory stability during an ejec-
tion nnd reduce wind blast pressure on the pilot.

Crash Fire Remmreh

The fire that ofkm follows an airplane crash has been
shown to be an important factor in the survival of the
aircraft 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 a good cll~n~ of ~+v~ if fie do= not Occw. me
NACA has previously reported on its initial full-scale
aircraft crash investigations aimed at determiningg the
mechanism of the initiation of crash k The results
of this study which have provided n means for inerting
power plants, thereby reducing the likelihood of fire
following rLcrash. 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 syskm 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
bo used in civil transport operations. The purpose of
thesacurrent studies is to determine if there are any sig-
nificant obstacles in the application’ of the successfully
demonstrated crash-fire inerting principles to more
powelful engines. Some effort i9 also being given t%
combining the crash-fire inerting system and the fight-
fim inerting system so that a common extinguishing
agent can be used for combating both of these hazards.

During this general crash fire program knowledge
was gained as to the many ignition smrces around a
crashed airplane that are available to ignite spilled
combustibles. On~ 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 aircraft metal along a runway or stony
surface during an airplme 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 ~o-determine if @tion could occur.
Although no ignition was obtained with aluminum, ig-
nition did occur with all th~ other metals. Titanium
proved to be the most hazardous metal while magne-
siuin was the next most hazardous and steal 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
scrap6 along a rumvay surface during a crash or belly
landing.

Another aspect of fighting crash and @uht fires is
that of providing the most effective agmnts that can be
produced to quickly put out any fire that may stint
In the past few years, halogenrded fk~-@ght@ agents
which act through a chemical reaction process have
proven to be fairly effective in @hting fbes. These
agents, however, have normally been used in liquid
form and therefore are rather readily dispersed
under conditions of airflow which normally exist in
aircra-fk A study was therefore sponsored at Syracuse
Univemity by the NACA to determine if some of the
promising halogenated agents Could be adsorbed by
powder particles such that when these particles were
dispensed ,ti powder form in the area of a fi they
would, in the presence of heat, desorb or release their
fire-fighting chemical properties. This basic research
study has provided res@ts as to the adsorption and
resorption rates of various he powders contafig
halogenated methan~. Some limited data has been ob-
tained with respect to the fire-iighting characteristics
of these halobgated powde~ .

Crash Snrvival 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 ~ohter-typ~ aircraft. The amdyses of
the time histories and magnitudes of these decelera-
tions have afforded a basis for determining whethm
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 tha~ 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 experience~ 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 seek@ means of providing aircraft -ymts
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Crash impact of military aircraft.

that can be qected to retain their strength character-
istics without failure during aircraft crash cir@m-
Stances.

Aircraft Ditching

The day to day operation of airynft is sometimes in-
terruptti by an emergency which may cause an un-
scheduled landing on water, referred to as a ditching
action. For many years the NAC~ has conduckd
ditching investigations using dynamic scale models of
conventional aircraft which me launched from a
monorail Carriaaminto a tank of Vvaterl Information
was obtained to help not only aircraft desi.~ers but
also opemtions personnel concmmed with tmining
crews for over-water fligh~

In anticipation of the introduction of turbojet swept-
wing transport aircraft with diilemnt engine installa-
tio~ more recent investigations have been undertaken
to determine the best ditching prmedure and the pro-
bable 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 hrwe been analyzed to determine
results applicable to full-scale aircraft. The use of n
ditching.aid, such as a hydroski attached @ the fuselage
bottm~ has been investigated to determine its effect on
the model’s ditching characteristics.

The results of some of the NACA tests indicate thnt
a low-wing turbojet transport should be ditched nt a
nose-high attitude with the landing flaps down, nnd
that the various engine installations mnde no great
ditlerence in the overall ditching performance. In
some cases, -depending upon the coniiguratio~ engine
nacelles would probably be torn away and the fuselnge
bottom damaged enough to cnuse mpid flooding by the
water.

k tests with one hydroski nttached, very little or no
damage was sustained by the fuselage bottom when
the ditdi.ng was accomplished under the proper in-
stallation and approach conditions. The ma--imum
normal acceleration without hydroski was about twico
as grmt as with hydroski installed. .

At the request of the military services, several in-
vestigations have been undertaken to determine the
ditching characteristics of ilghter+pe aircraft of var-
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ious codigumtions. In such tes@ information was
rdso obtained wherein the ditching behavior was noted
for the conditions of landing gear ‘extended and
retracted.

Ditching tests of jet transport model. - T@ No. 2 monorail.

Gust Alleviation

Aircraft operations in severe.or even moderate tnr-
brilence for long periods of time require that the pilot
devote constant attention to maintaining level tl.ighti
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, dk-
rnands 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 pa.ssqym comfor~ For these
and other reasons, the NACA has been for some
years studying turbulence in th~ atmosphere and relab
ing these data not only to aircraft structural design
criteria but also to the aircraft response characteristics
so thnt 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
aircraft motions mused by turbulence in the atmos-
phere as well as additional motions that may be inad-
vertently applied by the pilot in controlling the air-
ph-mewhen flying in turbulent air. One of the various
means thnt is being studied by the NACA to alleviate
undesirable airplane motions imposed by rough uir has
been an experimental and analytical investigation to
determine the effects of auto-pilot control, rather than

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 proa~ is to determine whether the motiom
experienced by the airplane by use of the automatic
pilot can be reduced below thos? normally experienced.

Another system des@ed to alleviate the normal
accelerations due to rough air and thus improve the
smoothnw of fight in rough air is undergoing flight
* in a small transport-@pe airplane. in this sys-
te~ the rough air is mnsed 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 gravi~.
This sensing signal operates vriqg 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 @ht tests indi-
d.e 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
inbocmd flap. h 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 mxeleration con-
trol and the alleviator gearings required to reduce
structural loads.

- ~other means of providing gust alleviation that has
been studied by the NACA is that afforded by the use
of deflectors and spoilers to mo~ 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. Thew aerodynamic controls also will aid in
slowing down airplanes in rough air. One disadvan-
tage, however, is that these controls tend to magr@
the longitudinal stabili~ problems encountered by
swept-wing aircraft.

Engine Reliability

The desirabili~ of having operating engines that

have a long life without failure has importance to the

safety of tlight. En=tiW that must be prematurely re-
moved from service have serious effects on the opera-
tional capability of both military and civil aircrafih
in addition this results in requiring manpower and
money to put the airplane back in service. Perhaps
of even greater importance i9 the failure that occurs in
flight which may result in a costly airplane accident.
The NACA is studying jet engine reliatiility in order to
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obtain an tilght 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 failurw cari be
reduced and the frequency of removal of eqgines for
repair reduced. The servica life of engin~ can also be
seriously affected by damaemdue to f oreigg objects that
me sucked into the engine inlet. An investi=mtionhas
been underkken 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 ~hich has been nicked by n foreign object. This
method shows pro@se on the basis of the results that
have been obtained to data

AERONAUTICAL METEOROLOGY

Ii the d&gn and operation of aircraft and nissiles,
the primary weather problem is to the variabili~ of
such meteorological elements as gus@ wind, tempera-
- 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 ii concerned with
timely observations and with accurate short and long
period forecasts; both are of course concerned with the
effects of weather on the i@ht vehicle. With the
newer, high performance airc~ the requirement for
more acmirate weather information is complicated by
both the shortar time available for decision and by the
scarcity of basic meteorological information in many
areas.

For many yea= the NACA has studied several
phases of two aeronautical meteorological proble~
namely, turbulence and icing; other problems of the
atmosphere have bem investigated O? a smaller scal~
Such research information has been sought to help
achieve the ideal of safe and efiicientall-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 pager comfort. Ii extreme cas~
such as thundemtorms, the safety of the aircraft may
be seriously threatened by strong drafts or @.

For many years the NACA has b~ irivestigating the
~gustproblem from both ~e ezqerimental and analyti-
cal approaches. Specially .instrumented airplanes have
been flown into turbulent areas to measure the response
of the structureto the gusts From the data the velocity
of the ~wts can be calculated. To obtain data on the
exten~ frequency, and severity of gusts over wide ar~

a recording instrument was developed for use on com-
merka.1 aircraft during their routine fights.

Theoretical ‘calculations to determine the reactions
of an airplane to a single gust or a series of gusts huve
also been made in order that a comparison might be
made tith experimental data. During the design
stages of airplane construction a theoretical solution to
the gust problem ~hich vrould accurately portray tho
aircraft’s response in actual turbtdence would ba most
valuable.

Of particular interest has been the investigation of
the effect of using airline -weather radar in the &mount
of turbulence encountered during scheduled airline
operations. The results to date indicate that the mag-
nitudes of the largest gust velocities and ~nst accelera-
tion for a given number of flight miles during operations
with airline radar were approximately 26 percent less
than those experienced before the radnr 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 gee-
graphical locations and in various seasons of the yenr.
Using specially developed aircraft (see photo), datn
ha,vebeen-obtained over England and Western Europe
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 loada for mis-
siles and aircraft which must operate through or at the
higher altitudes.

In other cooperative efforts with the military serv-
i~ NACA gust instrumentation has been placed in
aircraft -which are flying in areas associated with the
jet stream, a narrow band of strong winds tmml.ly nt
altitudes of 35,000 to 40,000 feet during the wintin’ in
the United States. Analysis of the limited data so fnr
obtained indicates that atmospheric turbulence may be
found in certain regions near the jet strenm, The gust
infornmtion @ useful to meteorological researchers at-
tempting to formulate improved methods of f orecasting.

In connection with the National Hurricane Project,
NACA gust .mstrumeniware 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 80 feet per second were en-
countered four times as frequently as in :outine long-
haul commercial aircraft operations.

The Icing Cloud

To provide the most effective icing protection sys-
tems for aircra~ detailed and statistical information
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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
infornmtion can only be obtained by basic measure-
ments nnd 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
tind in icing tunnels. At the snme time, routine data
on icing encounters by military and commercial air-
craft equipped with special NACA icing meters ha%
been collected for analysis.

In order to determine whether differences in liquid-
wmtercontent values mensuredby diffefint instruments
were real or due to instrumental errors, a flight wmlua-
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 annlysis of the datn
show good agreement was obtained between the l.iquid-
vmter-content measurements obtained with a multi-
cylinder instrument and a pressure-type icing-rate
meter. Water-content measurements were also ob-
tnined with a new droplet-collecting -instrument which-
gave values averagbg slightly higher than those for
the other two instruments. Droplet size measurements
obtained with multicylinders nnd the newly developed
instrument rqyeed rensonnbly well.

In a recent Navy tight test program to evnluate the
capability of an airship to remain on station during
freezing rnin, snow or icing conditions, NACA co-
operated to the extent of furnishing advice and icing
instrumentation. A preliminary study of the airship
icing problem indicnted thnt accumulations of ica or

S11OWon the lnrge top surfnce area of the bng could
produce a serious weight problem extending beyond
the lift~~ cnpacity of the airship. The primmy prob-
lem of ice lends created from conditions of freezing
rain was nmdyzed OR the basis of droplet pnths, heati
ing calctiations, nnd temperatures and rninfnll rates
typical of freezing rain conditions.

Extensive icing-cloud data on the extent, frequency,
nnd severity of icing conditions experienced during
scheduled flights over morldtide nir routes have been
obtained using l’TACA recording instrumentation in-
stalled in transport, bomber, and fighter-type nircrnft
through the cooperation of several major airlines and
the United States Air Force. Ih one progrnm, dmta
were received 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 icirg coniktions were
less than 120 miles in horizontal extent nnd less thnn
4,500 feet in vertical thiclmess. Liquid-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 mnde of
thousands of infl.ight observations reported from
weather reconnaissance aircraft flown by the United
States ‘Air Force over areas of the Atlnntic, Paciiic,
ond Arctic Oceans. The probabilities of icing
their relation to the frequencies of tight in clouds and
were derived” for the severaJ ocean nreas nt nltitude
levels of 10,000 nnd 18,000 feet. The relative fre-
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quency of icing varied tidely throughout the year
from near zero in cold &ctic areas in titer up to
7 percent in arens of ~geater cloudiness-and -warm tem-
peratures. The data revealed a general tendency for
colder cloud tempemtures to reduce t~e probability of
icing in equally cloudy conditions.

AIRCRAFP ICING -

Aircraft and missiles entering clouds, having tem-
peratures at or below freezing w expect to encoun-
ter icing conditions Which are potentially dangerous,
especially at the lower flight speeds associated tith
takeoff, lnnding or holding. Ice accumulation on air-
frame surfaces and po~e@ant components.may lead
to performance deterioration, control inefficiency or
eng~e faflure ~~ 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 heat@ charac-
teristics of the components requiring protection.

For current aircraft configurations and operations,
the ice-protection systemsbased upon past”reseiwchand
development investigations are adequate. However, for
new aircraft shapes and engines, further eqerfientfl
and analytical icing research is indioated in some cases
Accordingly, laboratory studies durbg the past year
have been concerned primarily with icirg-protection
requirements for bodies of revolution which approxi-
mate nosa radomes, external fuel tanks and spinners
for turboprop eneties, aerodynamic penalties (lift, drag
and pitching moment changw) -associatedwith icing of
a thin airfoil section and evaluation of several other
aircraft components.

Water Droplet Impingement and Icing Protection

The development of an experimental technique to
indicate the areas exposed to the clou’d droplets and
a method of determiningg water droplet-sizedistribution
have made it poxible to determine more readily the
droplet impingement characteristics of arbitrary bodies
Several two-dimensional airfoils viere studied over a
typi~l ~nge of @aht and meteorological conditions h
the Lewis Flight Propulsion Laboratory icing tunnel
using this technique (see photograph). The results
@nerally sllovredgood aggeementbetween the theoreti-
cal and the experimental impingement data and thus
pointed out the regions where icing protection is re-
quilwd. h egg-shaped body and a coned body were
also investigated both in dry air and in tunnel icing
conditions as part of the ~-neral study. Heating data,
droplet impingement characteristics and icing protec-
tion requirementswere determhed f or several attitudw
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 iciqg conditions
must be determined. Since it is difihlt to build an air-

plane and”then attempt fight tests in acturd icing con-
ditions to find which aircraft parts need protection,
tunnel tests become very useful in gathering such in-
foqrnation during aircraft design and construction
stages. Accordingly, a full-scale uuhemted,supersonic
nose inlet of a jet engine vms tested in the Lewis Lab-
oratory icing tunnel to determine the effects of ica
accumulations on the flow of air through Nportion of
the engine. Data on the rate and area 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.

Auxilimy inlets or air scoops mounted on an nir-
plane are susceptible to blockage by ice and snow with
consequent 10SSW’in performance and possible malfunc-
tion. To study one phase of this problem, n full-scnle
air-inlet in n section of a vertical tail-fin was subjected
to tunnel icing conditions. The interred malls of this
inlet were electrically hented to provide protection.
Analysis of the dnta taken over a range of icing con-
ditions indicated that, except for the extremely severe
conditions which actually occur very rarely in nnture,
the inlet operated satisfactorily without the application
of heat. The inlet lips, however, did require bent in
cases where the ice f ormntions tencled to bloclc the
inlet opening.

Penahi~ Due’ to Icing

\ On higher-speed aircraft, increasing use hns 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 n thinairfoil
with and tithout operation of an electric cyclic cle-
icing system. The results show that in some condi-
tions ice formations increase the drag and reduce lift
and diving moment thus hindering airplnne perform-

. ante; in other cases these aerodynamic chmncteristics
may be either increased or decreased depending upon
the shape of the ice formation. Data from the henting
tests indicated very good de-ici~w performance and
efficiencies nt the higher power densities employed in
the tests.

AIRCR.M?I’ NOISE,

The noises produced by aircrnft and missile power-
plants have reached such high levels tlmt 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 bow that the noise levels will also increase
unless methods are discovered with which to control
the noise. The NACA has undemvny n three-way re-
search program aimed at alleviating aircraft noise
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Blodel 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 powerplrmts. Another part is
aimed at reducing the amount of noise being produced,
and the third part concerns research on aircraft struc-
tures nnd equipment able to withstand the noise prw-
sure.

Jet and rocket engines operating on the ground and
during takeoff produce about the loudest nonexplosive
noises known to man. Research has demonstrated tlmt
thiQnoise 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 mea of the jet
and the veloci~ of the jet. The noise fields mound
vmious operating turbojet and rocket enaties have been
mapped at distances from a few feet to several hundred
feet from the en=ties.

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

new jets, as well as to show the way townrd reducing
the noise at its source. Correlations have been obtnined
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 pnt-
tern in a’flow.

In order to reduce tke noise produced by the mixing
of the jet with air outside the tmilpipeexit, the NACA
has been investigating methods of nltering this nixing
pro- so as to reduce the noise. A large number of
tailpipes of various shapes such as shown in the photo-
graph have been testedi as well m such other slmpes ns
long narrow slots such m might be used with ~ jet fhtp.
These suppressors hwve been tested on fill-size jet en-
gines under stationary conditions in an open field nnd
chose showing best noise suppression characteristics
have been tested in wind tunnels where flight opera-
tions viere simulated, and the aerodynamic perform-
ance of the nozzles determined. Vlhile considerable
success has been achieved with various suppressor cle-
vices for ground operation, viork is still progressing

.

Experimental jet engine noi8e .mppremor.

I
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toward developing suppressors for flight operations
that have satisfactory noise characteristics without im-
posing cxces9ive penaltie9 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 snmllmodel jets.

The strong shock waves encountered in supersonic
flows such as those of a rocket exhaust produco ex-
tremely loud sound waves at wwtain frequenoiw, 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 magnitude 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-4?,
and research airplanes, as well as in wind tunnel tests
by the NACA and by the California Institute of Tech-
nology under an NACA reseamh contrac~ 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 I-Lview toward determining the best shape for

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
creatd by these propellers produce very loud noises
which are a major handioap to the use of such propel-
lers for high-speed aircrafi However, static tests
have been made of supemcmictype propellers in which
,the operating conditions of the blade have been varied
so that while maintaining its diciency, the tip s-peedis .
subsonic and the noise level is about the same as con-
ventional propellers.

Noise levels’ around aircraft and missiies 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 arm of NACA noise research concerns how the
noise is txansnu“tted to and through the structure and
the~by the equipment, and how to most efficiently
desi@ 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 laborato~y sirens,
and the information obtained is being used to devise
methods for designing better structure.

--
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a Vertlerd Circular Cylinder. Trans. A. S. M. El.,VOL
78, No. ~ NoV. 1966, PP. 1623-1~.

Sparrow, Elphmim M, and Gregg, John L.: Similar
Solutions for FTee OonveMon from a Nonisothermal
Vertical Plate. Paper 67-SA-3, & S. M. ~ 1955.

Staider, Jackson & and Seiff, Alvin: -The Simulation
and Wasurem ent of Aerodynamic Heating at Super-
sonic and Hypersonic Mach Nnmbera Presented at the
7th I&ding of the Wind Tnnnel and Model TestLng
Panel (OttawiL Oanadrq June lo-l% 1955), Advisory
Gronp for Aeronautical. Research and Development
AG19/P9. pp. 191-206.

Steiner; Richard R.: Wind Tnnnel Instrumentation.
Instruments and Automation VOL30, No. & May 1957,
pp. S60-s62.

lVoo& George P.: Optical Methods for Dxamining the
Flow in High+@eed Wind Tnnnels. PL 2-Interferom-
eter Methods. Advfsory Group for Aeronautical I@
search and Development AGARDograph 23j Nov. 1936,
pp. 123-148.

Stability and Control

Reports
H= A ~~d.&~ Tat T-que for ~~g the

Dynamic Rotary Stability Derivatives at Subsonic
and supersonic Speeds. By Benjamin =. =.

1263. Theoretical Calculations of the l?res.mr~ Forces, and
Momentx at Supersonic Speeds Due to Variona
Lateral Motions Acting on Thin Isolated Vertical

Technicad Memorandums Tails- BY Kenneth Margolia and PereY J. Bobbiti

1426.

1430.

wall Interfwence in a Perforated Wind Tunnel: BY 1269. Theoretid- Span Load ‘Distribntiona and Rolling

Iticcardo Brexia. From Accadernia delle Sdenze di Momentx for Sideslipping Wings of Arbitrary Plan

Torino, Attij vO1.37’,1952-195% Form in Incompressible Flow. BY M. J. Qudjo.

The Dfi?ectof Solid Admixtures on the Velodty of MotIon Te&nicaI Nota
of a Free DuetY Air Jet. BY A. P. Ohernov. From
5urnal Tekhnicheakoi ITizikl, VOL26, No. 5, 1956, PP.
1060-1063.

Ohm Tcchnicnl Papers by Staff Members

Dryden, Hugh L.: Some Aapeeta of Transition From
Laminar to TurbnIent’ Flow Leeture Series ~ Insti-
tute for Fhdd DynamicE and Applied Mathematles
Urdv.of lhmylan~ Nov. 1935..

Mnslenq’ Stephen H., and Moeckel, Wolfgang E.: In-
viacid Hypersonic Flow Past Blunt Bodies- Pre@nt
665,Inst. Aero. Sal.,1957.

Maslem, Stephen H., and Ostiach, Simon: Note on
the Aerodynamic Heating of an Osdllating Insnlated
Surface. Quar. ArJPLMath-, VOL15, No. L Am. 1957,
pp. 96-101.

Sandbornj Virgil A.: Summary of Turbnkrme Measnw
menta in the NAOA Lewis 6- by 60-Inch Boundary
Layer channel. Pro& of the 4% Midwestern Confer-
ence on Fluid Webanica (Purdne Urdvy SepL S-9,
1955), Pnrdne Eng. EXPL Station Researeh Series No.
3.2-$ Purdue Univ. (Lafayettq Id.), pp. 1-22.

8725. Aerodynamic Interference of Wader lVing-Tail Combi-
nations. By Alvin H. SIMM.

S737. The Motions of Rolling Symmetrical Miasilw Referred
to a ~- System. By Robert L Nelson.

3740. preliminary Wind-Tunnel Tests of Triangular and Re&
tangular Wings in Steady Roll at Mach FWnbera of
1.62 and 1.92. By Olinton II Brown and Harry S.
Heink~ Jr.

3743. An Opthnnrn Switching Criterion for a Third-Order
CkWactor Acceleration Control System. By Anthony
IL Passera and Ross G. Wlloh, Jr.

3745. Transition-Flight TMs of a Model of a Low-Wtng TranE-
port Vertical-Take-Off Airplane With Tilting Wing and -
Propellers. By Powell M. Lov~ Jrv and Lyale P.
Parlett. -

3753. Aerodynamic Chamcteristles and Flying Qmlitles of a
TailMs Triangular-Wing Airplane Ooadguration as
Obtained From l’lights of Rocket-Propelled Models at
‘l!mllSOrdCand ~W i%pSrSOtiC SPeedR By Grady L.
Mitehmn, Joseph 3P. Stewne, and Harry P. Norris.

3764. A Simple Method for Calculating the Oharacterist.ics of
the Dnteh Roll Motio= of an Airplana By Bernard B.
Klmvana

Schneller, Oarl F.: How NACA’S Wind Tunnel Oper- 378S. Stability Derivatiws of Cones at Supersonic Speeds. BY
nb?a Electrical Worl& Dec. 31j 1956, PD. 22 24. Murray Tobak and William R Wehrend.
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3791.

3799.

3812

WM.

3818.

,’

3826.

3843.

3846.

On -a Method for Optimization of Time-Varying Linear
Systems With Nop-Stationary Input.% BY Marvin
Siiinbrok

An Air-FiowDirection Pickup Suitable for Teiemete*g
Use on pilotless Aim—aft By Wallace 1A Ikard.

Wind-Tuimel Calibration of a Combined Pitot-Static
Tnb and Vane-Type Flow-Angularity Indicator at
Mach Nnmbers of L61 and 201. By Archibald R- Sin-
clair and William D. Mace.

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

EIEect of Vertical Fins Near the Nose of the Fnselage on
the Directional and Dampling-in Yaw Stability Deriva-
tives of an Airplane Model Under Steady-State and O*
cillatory OwUtion& By M. J. Queijo and Rlvalyn G.
wells.

Wind-Tunnel Inve&ig&on to Determine the Horizontal-
and Vertical-tail Ooniributiona to the Static Lateral
Stability Oharackiatim of a Comple&hfodel Swept-
Wing Configuration at High Snbsonic Speeds. By James
W. Wiggins, Richard E).Kulw and Paul G. Fournier. .

Investigation of a Nonlinear -control System. By L
l?lii~lhtz and O. F. Taylor.

Experimental Steady-State Yaw&g Derivative of a 66”
Delta-Wing Model as Afi&ted by Qhangea in Vertical
Position of the Wing and in Ratio of FnsehIge Diameter
to Wing Spare By Byron hf. Jaquet and Herman S.
Fletcher.

-hnmtal InvWgation of the Forces and Moments
due to Sideslip of a Series of T@Igalar Vertical-and
Horizontal-Tail combinations at Mach Numbers of 1.62,
1.93, and Ml. By Donald El. ColettL

A Study of Several Factors Affecting the Stnbiii~ Con-
tributed by a Horizontal Tail at Various Vertical Posi-
tions on a Sweptback-W’ing Airplane Model. By Gerald
V. Foster and Roland F. Griner.

3857. Experimental Investigation at Low Speed of the Effects
of Wing Position on the Static Wability of Models Hav-
ing Fu&lages of Varions Oross Section and Unswept
and 45° %vepthack Surfaces. By William Letko.

3859. Comparison of Flight and Wind-Tunnel ?&asnrements
of High-Speed-Airplane Stability and Control Chamw
teristics. By Walter 0. lVilLiaroq Hubert hf. Drak&
and Jack Fischel.

3867. JVind-Tnnnel Irrwtiition of the Aerodynamic Charac-
teristics in Pitch of TWng-lM&elage Combinations at
High Subsonic SPeedS. Taper-Ratio Seriw. By
Thomas J. King, and Thomas B. Pasteur, Jr.

3870. ?deasurementa of the Longitadinrd Moment of Inertia of
of a Flexible Airplarw By Henry A. Cole, Jr., nnd
Frances IL Bennion.

W’4. Ekperhnental nnd Predicted Lateral-Directional Dy-
nami&Response Oharncteristics of a Large Flexible
36” Swept-wing Airplane at an AM@de of 35,600
Feet By Staart O. Brown and Euclid O. Holleman.

3S96. Subsonic TVind-Tunnel InwMgation ‘of the I!MTect’of
Fuselage Afterbody on Directional Stability of Wlng-
FaseIage combinations at High Angla of Attack
By Edward O. Polhamua and Kenneth P. Spreaimnn.

3899. Effecix of Wing Positibn and Vertical Tail Configuration
on Stability and Control CharacterMica of a Jet-Pcnv-
ered Delta-Wiig Vertically Rising Airplane Model.
By Poweli M Lowell, Jr., and Lysle P. Parlett

‘MU- A hfetiod for Predicting Lift Increments Dne to Flap
Detection at Law Angles of Attack in Incompressible
Flow. By John G. Lmvry and Edward O. Polhamus.

3912.

3915.

3917.

3662.

3957.

3961.

3667.

39m

Flight Tests of a Model of a High-Wing Transport Ver-
tical-Take-Off Airplane with Tiltlng Wing and Propel-
lers and With Jet Controls at the Rear of the Fuselage
for Pitch and Yaw Oontiol. By Powell M. Lwell, Jr,,
and Lyale P. Parletk

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

Effect of Propeller I.@ation and Flap Defection on the
Aerodynamic Oharacteristica of a Wing-Propeller Ccm:-
bination for Angles of Attack From 0° to 80°. By Wil-
liam A. Newsom, Jr.

Preliminary Data at a Mach Number of 240 of tho
Characteristics of ~Pm Controla Equipped With
Plain Overhang Balances. By James N. Mueller add
K. IL Ozarnecki.

IMfects of Horizontal-Tail Position and n Wing Lending-
Edge Moditlcation Consisting of a FnR-Span Fiap and
a Partial-Span Chord-Extension on the Aerodynamic
Characteriathm in Pitch at High Subsonic Speeds of a
Model With a 46” %veptback Wing. By William D,
Morrison, Jr., tid Wiiliam J. Alford, Jr.

A Collection of Data for Zero-Lift Damping in Roll of
Wing-Body Combinations as Determined with Rocke&
Powered Models IM@pped with Roll-Torque Nozzles.
By David G. Stone.

Some Klffects of Tail Height and Wing Plan Form on
the Static Longitudinal Stability Oharacterlatics of a
Smail-Scale Model at High Subsonic Speeds. By Albert
G. Few, Jr., and Thomas J. King, Jr.

Iilfi?wts of Fuaelnge Nose Length and a Canopy on the
Static Longitudinal and Lateral Stabili& Oharactaris-
tics of 45” %veptback Airplane Models Having Fusa-
lagw With Square ClrossSections. By Byron hf. Jaquet
and E S. Fletcher.

Characteristics of a 40” Cone for Measuring Mach Num-
ber, Total Pressare, and Flow Angles at Supersonic
Speeds- By Frank J. Centolansi.

The Application of Matrix Methods to Coordinate
Transformations Occurring in SystmuE Studies Involv-
ing Large Motions of AircrafL By Brian F, Doolht.

3698. Ground Simnlator Studies of the Effects of Value P’rlc-
tion, Stick Friction, Flexibility and Backlash on Powor
Control System Quality. By B. Porter Brown.

4004 Some Rtffects of Valve Friction and Stick Friction on
Control Quality in a Helicopter Witi Hydraulic-Power
Control Systems. By B. Porter Brown and John l?.
Reeder.

4006. Investigation at Transonic Speeda of Deflectors and
Spoilers as Gust AUqviators on a 3G” Swept Wing.
Tranaonic-Bnmp Method. By Delwin .R. Orooni nnd
Jarrett lL Huggman.

TechnicaI Mcmorandnms

1406. On the Use of the Harmonic Limmrlzation Method in
the Automatic Oontrol Theory. By ID.P. Popov. From
Doklady Akndemiia Nauk ( SSSR), Tel. 10I3, No. 2,
1956, pp. 2~-214.

Other Technical Papers by Staff Membem

Oampbell, John P.: Techniqu& for Testing Aiodols
of VTOL and STOL Airplanes. Presented at the ilth
Meeting of the Wind Tnnnel and Model Testing I%mci
(Brrw@a, Belgium, Aug. 27-31, 1956), Advisory (lroup
for Aeronautical Research and Development Report 01. ~

COlq Henry A., Brown, Stuart O., and Holleman,
Euclid D.: The Effects of Flexii.)ilityon the Longlhldl.
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ml Dynamtc Response of the B47 Airplane- Prf+
print678, Insk Aero. S@ 1957.

Qoug~ Melvln N.: Notes on Correlation of Model and
FuU-Scale Spin and Recovery Ohamcteristics. Pre-
sented at the 8th Meeting of the Flight Tem5 Panel
(Rome, Italy, Feb. 20-25, 1956), Advisory Group for
Aeromutical Research and Development Report 27.

KauiEnan, WilUam hf.: Flight Application of Target-
Simulator Principles. Aero. Elng. Rev. vol. 15, No. ~
NoV. 1956, pp. 76-SO.

Neilsen, Jack NW and Kaattari, George III.: The Elffecta
of Vortex and Shock-Expansion Fields on Pitch and
~aw Instabilities of Supersonic Airplanea. Preprint
743, InsL Aero. SCL,1957.

fhinbro~ Marvin: On the Analysis of Linear and
Nonlinear Systems. TranR A. S. M. E., VOL79, No. 3,
Apr. 1957, pp. E47-552.

Stpne, Ralph TV., Jr.: Interpretation of W’ind-Tnnn~
Data in Terms of Dynamic Behavior of Aircraft at
High Angles of Attack. Prexded at the 7th Meeting
of the Wind Tunnel and Model Testing Panel (Ottaw%
Uanada, June lo-l% 1955), Advisory Group for Acre
nautical Research and Development A(H8/P8,
pp. MO.

W’illiamq Walter Cl., Drak~ Hubert M., and Fischel,
Jab : Some Oorrdations of Flight-Measured and
WYnd-Ttmnel Measured Stability and Oontrol Char-
acteristics of High-Speed Airplanes. Presented at the
9th Meeting of the Wind Tunnel and Model Testing
Pnnel (Brnesew Belgium, Aug. 27-3~ 1956), Advisory
&oup for Aeronautical Research and Development
Report 62.

Internal Flow

Reports

127fk Theoretical Analysis of Incomprefwible FIOTVThrongh
a Radial-Inlet Centiifogal Impeller at Various Weight
Flows. By James J. Kramer, Vasily D. ~ and
Ohung-Hua Wu.

12$L Flight Determination of Dmg of Normal-Shock Nose
Inlets With Various CkmvlingI#ofik at Mach Numbers
from O.fl to 1.6. By R. I. Sears, Cl. Ii’. hferle~ and
L. W. Putland.

Technical Notes

369L An Analysis of Bussing in Supersonic Ram Jets by a
Modified One-Dhnensional Nonstationary Wave Th&
ory. By Robert L. Trimpi.

3724. Charactdsfks of Four Nose Inlets as Wasnred at
Mach Numbers Between 1.4 and 2.0. By George B.
Bmjnikoff and Arthur W. Rogers.

3707. The Use of PerforatA Iidets for EtEdent Supersonic
Diffusion. By John 0. Elvvard and John W’. Blakey.

3703. Elxplomtory Investigation of the Use of &ea Suction to
Eliminate Air Flow Separation in Dfffusem Having
Large Expansion Angles By Clnrt A. Holshauser and
Leo P. HalL

3636. Spreading Characteristics of a Jet Expanding From
Choked Nozzles at Mach 1.91. By Morris D. Rousso
and L. Eugene Baugbman.

36S1. Wind-Tunnel Technique for Simultaneous Simulation of
External F1OWField About Nacelle Inlet and Exit Air-
streamB at Supersordc Speeds. By Gerald TV. Englert
and Roger W. Luidens.

39&2. Explomtory Study of Wonnd Proximity Effects on
Thrust of Annular and Circular Nozzka. By Uwe H.
von CWahn.

3996. Investigation of a Short-Ann~DifZnaer 0ont3gamtion
Utilizing Suction as a Means of Boundary-Layer Cen-
troL By Stafford W. Wilbur and Jamea T. Higgin-
botham.

Other TechnicaI ‘Papers by StafEMembers

&trigh~ Mlgar AL, Jr.: Some Aerodynamic Ckm-
siderations of Nozzl&Afterbody Combinations. Aero.
Eng. Reva ~ol. 15, No. 9, Sept. 1956, pp. 59-66.

l?lvans, Albert J.: The Shmdation of the Iilffecta of In-
ternal Flow in Wind Tunnel Model Tests of Turbo-Jet
Powered AircrafL Presented at the 7th Meeting of
the Wind Tunnel and Model Testing Panel (OttaW&
Canad% June 1O-1A 1.956). Advisory Group for Aero-
nautical Research and De-relopment AC419@, pp.
63-66.

hard, John U.: Diffusers and NozaleE. High Speed
Aerodynamics and Jet Propulsion. Vol. VII-Aer&
dynamic Components of Aircraft at High Spesds. A. U.
Donovan and EL IL Lawrenc~ eds., Princeton Univ. .
Press (Princeton, N. J.), 1657, Secti El, pp. 6S6-657.

seaphlea
Technical Notes

3903. An Iilxperhnental Hydrodynamic Investigation of the
Inception of Vort&x Ventilation. By John A. Ramsen.

3906. Hydrodynamic Oharaci%ristics Over a Range of Speeds
up to SO Feet Per Second of a Rectangular ModWed
Flat Plate Having an .@eet Ratio of 025 and Opemt-
tng at Several DepthE of Submersion. By Victor L. .
Vaughn, Jr., and John A. Ramsen.

3939. A Theoretical and Experimental Study of Planing Sur-
faces Including IllTects of Oross Section and Plan
Form. By Oharlea L Shufor& Jr.

3961. Investigation of the Planing Lift of a Flat Plate at
/

Speeds up to 170 Feet Per Second. By Kenneth W.
Christopher.

Other Technical Papers by Stall Members

Edgq Philip M., Jr.: Instrumentation for Investigation
of Senplane Impact Loads in Waves. Proc. of First
Conference on Coastal Engineering Instruments
(Berkeley, Oalif., OCL 81-Nov. 2, 1955), IL L Wieg~
& 00uudl on_lVavelkearch (RichmonL Oalif.).
1956,PP.213-226.

AircrnftPropellers

Reports
I-295. An Analysis of Once-Per-Revolution Oscillating Aerody-

namic Thrust Loads on Singl&Rotatlon Propellem on
Tractor Airplanes at Zero Yaw. By Vernon L. Rogallo,

Paul F. Yaggy, and John L hIcOlou~ III.

Technical Notw

8707. Flutter of Thin Propeller Blad+ Including DfPects of
Mach Number, Structural Damping, and Vibmtory- -
Stress ?&umrementa Near the Flutter Boundaries. By
Harvey H. Hubbr@ Marvin Ii’. Burg- and Maurice
A. Sylvester.

Rotary Wing Aircraft

Reports .

1260. Studies of the Speed StabiU@ of a Trmdem Helicopter
in Forward FlighL By Robert J. Tapscott and Kenneth
B. Amer.
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1266. Ohartafor Estimating Performance of High-Performance
Hd.icoPtera. BYtied GeSSOwand Robert J. ~PSCOtt-

Technieal Notes
36s& Stlltic-!mrastal’easnrementaof the Aerodynamic Loading

on a Hdtcopter Rotor Blade. By John P. Rabbo& Jr.
3747. Equations and ProcedureE for Naraerically Calculating

the Aerodynamic chllMCbXiSti~ Of -g Rotors. BY
Alfred GWow.

379S. A Theoretical Estbnate of the Effects of Compre&ibility
of the Performance of a Helicopter Rotor in Various
Fl&ht Conditions. By Alfred Gc%ow and Almer D.
Orhn.

3810. Charta for EsthnrLtingthe Hovering Emdarance of a Heli-
copter. By Robert. & ~OfSki.

38-IL Distr@tion of Normal Compohent of Inducted Velocity
in Lateral Plane of a Lifting Rotor. By Walter
Oastl~ Jr., and Howard L. Durham, Jr.

3844. Theory of Self-Excited Mechanical Oscillation of Heli-
copter Rotora With Hinged Blade& By Robert P. Col-
emanand Arnold M. Feingold, Chapt8r I: Theory of
Self-litmited ME@Mnical Oscillations of Hinged Rotor
Blades. By Robert P. Coleman. Ohapter H: Theory
of Mechanical Oscillations of Rotors with TWOHinged
Blades. By Arnold M. Fdngold. Chapter HI: Themy
of &oand Vibrations of a Tw&Blade Helicopter Rotor
on A.n&otiopic Flexible Suppor& (Revised). By Rob-
ert P. &demrm and Arnold M. F&ngcdd. Appendix B :

GeOIWOW’. Brooks
3849. An@t&al Detemnination of the Natnral Ck_mpledFre

quemies and Mode Shapes and the Responm to OsdI-
Iatirtg Nordng Fanctions of Tandem Helicopter By
George W. Brooka and John O. Honbolt-

3W6. ~ti Im=t&ation on tie ~ey HeMmpt=
Test Tower of Oompressibtlity Effects on a Rotor Hav-
hW NACA 6&ONi AtrfO~ f%ctiona BY James P.
shivers and Paul J. Carpenter.

3S52. Fiight Measnremen@ of the Vibrations Encountered by
a Tandem Helicopter and a Method for Measnring the
Ooupled Response in Flight By John El. Yea@ Jr.

3S62. Determination of the Sbactnral Damping 0oet3dents of
Six Full-Scale Helicopter Rotor Blades of Different
Materials and Methods of Oonstroction. By Frederick
W’. Gibson.

3WXI. Investigation of Vertical Drag and Periodic AirIoads -
Acting on Flat Panels in a Rotor S@stream. By
Robert A. M&OfSki and George ~. Menkick.

3965. Differ- Equations of .i310tionfor Combined Flap-
Wse Bending, Ohordwise Bending, and Torsion of
Twisted Nonuniform Rotor Blades. By John 0.
Houbolt and GeorgeW. Brooks.

W.1. Approximate Solution for Stmamlinea About a Lifting
Rotor Having Uniform Loading and Operating in Hov-
ering or Low-Speed Vertical-&cent Flight Conditions.
By Walter Castlq Jr.

3945. Methods for Obtaining Desired Helicopter Stabili@
Characteristics and Procedures * Stabiliiy Predi&
tion. By X’. B. Gnstafson and Robert J. TapscotL

3947. Instrument Flight ‘&Ma With a Helicopkr Stabilized
in Attitade About Each Axis Individually. By Sey-
mour Sahnirsand Robert J. Tapscoti

3050. Ohartafor &e Ana@is of Flow in a WMrling DUCL By
R.&&t A. Makol?sli

Other Technical l%lpeI’Sby StafEMembers
Brooks, George W.: Analytical Determination of the

Nataral Ooupled Frequencies of Tandem Helicopters.
Jour. Am. Helicopter SOC.,TOL 1, No. 3, July 1956,
pp. 39-52.

Reeder, John Paul, and Whitten, James B.: Notes on
Steep Instrument Approaches in a Hdicopter. Proc.
of the 1.2th Annual National Forum, Am. Helicopter
SOL (Waahingtoni D. O., May 2-5, 1956), &a. Heli-
copter Sot., Inc (N. Y.), PP. 80-86.

Shivers, James P., &d Carpenter, Paul J.: 16xper1-
mental Investigation of Compressibility Elffwts on a
Helicopter Rotor Having NACA 63-015 Atrfofl Sec-
tions. Prcn of the 12th Annual Nutional Forum, Am.
Helicopter Sot. (Washington, D. O., May 2-6, 1956),
&m Helicopter SOCWInc (N. Y.), pp. 66-63.

Yeate.s, John IL, Jr.: A Discussion of Helicopter Vibrn-
tlon Stadiea Including -t Test and Anrdysls
Methods Used to Determine the Coupled Ite4ponse of
a Tandem Type. Joar. Am. Helicopter Sot., vol. 1,
No. & July 1~, pp. 63-68.

AircraftCor@uratiorte

Reports

1.2&3. &dally Symmetric Shapes with Mimimum Wave Drag.
By Max & Heaalet and Frank&n B. FaUer.

1.263. Inve&igation of the Aerodynamic Oharactedstica of a
Model Wing-propeller Combination and of the Wing
and Propeller Separately at Angles of Attack up to
90”. By Richard Il. Kahn and John W. Draper.

1271. On Boattail Bodies of Revointion Having -uro
Wave Drag. By Keith O. Harder and Oonmd Rerm&
mann, Jr.

1.273. A Study of the Zer&Lift Drag-Rise Characteristics of
Wing-Body Oombinatlona Nenr the Speed of Sound. By
Richard T. Whitcomb.

IZ74. Second-Order Subsonic Airfoil Theory Including Hdge
Effects. By Milton D. Van Dyke.

IZ76. The Proper Combination of Lift Loadings for Least Drag
on a Supersonic Wing. By Frederick U. GranL

1276. Wind-Trmnel and Flight Investigations of the Use of.
Leading-Edge Area Suction for the Purpose of Increas-
ing the Madmum Lift Ooefiident of a 36° SwepbW’ing
Airplane. By cart A. Hohzhauser and Richard S. Bray.

12fi2. A Spedal Method for Finding Body Distortions That Re-
duce the Wave Dmg of Wing and Body Combinations
at Supersonic Speeda. By Harvard Lomax and Max

A. HeasleL
1284. Theory of Wing-Body Dmg at Snpersontc Speed% By

Robert T. Jones.

Technical Notes

3675. The EhTects of Compremibility on the Up-Wash at the
Propeller Plan= of a Fonr-Euglne Tractor Airplane
Ckmtlguraffon Having a Wing With 40° of Sweepback
and an Aspect RfLtiOof 10. By Armando H. Lopez and
Jerald K. Dickson.

3704.. Minimum-Drag Ducted and Olosed Thme-l?otnt Body of
Revolntlon Based on Linearized Supersonic Theory.

erman M. Parker.By H,
3706. Aerodynamic Investigation of a Parabolic Body of Revo-

lution at Mach Number of 1.92 and Some I!lffecta of
an Annular Supersonic Jet Exhausting From the Base.
By Elngene S. Love.

3722. Gemeral Theory of Wave-Dreg Reduction for Oombina-
tiona IOn@oying Qaaei-Cylindrical Bodtea With an Ap-
plication to Swept-Wing and Body Oombinatlons. By
Jack N. Nidsen and W’illiarn O. Pitta

3730. The Interference Effectx of a Body on the Spmw!se Imad
Disb5bntlona of Two 45° %veptback Wings of @ect
l%tio 842 From Low-SPeed Testx. BY Albert P.
Martina.
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3738

3739,

3744

37s9.

3700<

3704.

379L

3700.

3707.

3800.

3slri.

3s19.

3821.

3637.

3645.

3861.

3603.

Theoretical and Experimental Investigation of the Snb-
earf&Flm Fields Benenth Swept and Unswept Wings
With Tables of Vortex-Induced Velocities. BY WWlhun
J. Alford, Jr.

Flight Investigation of the Performance of a Two-Stage
SoHd-PropeUant Nik&Dekcon (Dan) Meteorological
SOnndtng Rocket. By Robert H. Heitketter.

%persanic Flow Past NonHfting Bnmped and Indented
BodleE Of ~vOhltiOIL By F. Edward McLean and
Oonmd llennema~ Jr.

The Resalts of Wind-Tunnel Tests to a Mach Number
of CL90of a Four-l!lngine Propeller-Driven Airplane
Cm@nration Having a Wing With 40” of Sweepback
and an @ect Ratio of 10. By George Q. Edwards,
Jerald K. Dickson, Fred B. Sutton, and Fred L De-
mela

Analyais of Wind-Tunnel Teds to a Mach Number of
0.6-0of a Four-Engine Pro@l&Driven Airplane &m-
Ilgnration Having a Wing With 40” of Sweepback and
an Aspect Ratio of 10. By George G. Edwards, Donald
A. BueU, Fred A.. Demelq and Fred B. Sutton.

Drag Interference Between a Pointed Oyli&rical Body
and ‘IWangular Wings of Varions Aspect Ratios at
Mach Numbers of 1.50 and 202 By Elliott D. Katzen
and George D. KaattarL

Lift and Pitching-Moment ‘Interferace Between a
PoSnted UyHndrical Body and Triangular Wings of
Various Aspect Ratios at Mach Nmnbers of 1.50 and
202. By Jack N. NielseIL Elliott D. Kat.zeIL and Ken-
neth K. Tang.

Theoretical Lift Due to Wing Incidence of Slender TVing-
Bo&Tail Combinations at Zero &gle of Attack. By
Alvin H. Sacks.

Sectfon OharacterbMcs of the NAOA 0006 Airfoil With
L@ading-Edge and TraiHng-Edge Flaps. BY Brnno J.
(lambucci.

Dsploratory Investigation of the .IIMectivenemof Biplane
Wings With “Larg&Ohord Double Slotted Flaps in R*
dtrecting a Propeller Slipstream Downward for Ver-
tical Take-Off. By Robert H. Kirby.

On Siender-Body Theory and me Area Rule at Tmn-
sonic Speeds. By Keith O. Harder and Ill. B. Klunker.

Base Pressure at Supersonic Speeds on Two-Dhnenaional
Alrfoiis and on Bodies of Revolution With and With-
out Fins Hrming Turbulent Boundary Lfly13M. BY

Eugene S. Love
Some Observattona on Maximum Pressure Rise Across

Shocks Without BoundarY-Layer Separation on Alrfoila
at !l?ransontc Speeds. By Walter F. Lindsey and

. Patrick J. Johnston.
FHght Techniques for Detmnin@ Airplane Drag at

High Mach Numbers. BY De IL Beeler, Donald R.
Belirna% and Edwin J. Saltzraan.

Invefkigation of Herit Transfer From a Stationary and
Rotating Ellipsoidal Fore-B@ of FLnen.em Ratio 8.
By James P. Lewis and Robert S. Ruggeri. .

Investigation of the IMB?ctaof Leading-Edg@2hord-Ik-
tension and Fences in Combination With Leading-
Edge Flaps on the Aerodynamic Characteristics at
Mach Numbers FroIu 0.40 to 0.93 of a 45° Swept Back
Wing of Aspect Ratio 4. By Kenneth P. Spreemann
and WllHam J. Alford, Jr.

Aerodynamic Chamcteristics of a Circular Cylinder at
Mach Number 6.S6 and Angles of Attack W to 90°.
By Jim A. PenIand.

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

tmgdar ‘Wing ‘WithJet Flaps Dellected S5”. By
John G. I.avry and Raymond D- Vogler.

3S65. Wind-Ttmnel Investigation of Jet-Augmented Flaps on
a Rectangular Wtig to High Momentnra Oo@llcientE.
By Vernard D. Lockwood, Thomas R. Turner, and
John M. Riebe.

3$7L An Inve&@ation at %bsonic Speeds of Several Modid-
cations to the L-eading Edge Region of the NAOA
64AO1OAirfoil Section Designed to Increase Mzsimnm
Lifk By RalphL.Maki and Lynn W. HnntmL

36%2.IkperhnentalDetermination of the Range of AppHca-
bility of the Tranaonic Area Rnle for Wings of !l!ri-
~@r p~ Form- BY ViWhra A. Page

3873. ‘1’ablm of Charactesi&ic ~CtiOIIS forSolving Bonnd-
ar’yValue Problems of the Wave Eqnation’ With Ap
p?lcation to Supersonic Interferen~ By Jack N.
Nielsen.

3675. ‘.khe Similarity Rnles for Second-Order Subsonic and
Supersonic Flow. By Milton D. Van Dyke.

3S76. An Investigation at Low Speed of the Flow Over a Sirau-
Iated Flat Plate at Small figles of Attack Using
Pttot-Static and Hot-Wire Probes. By Donald E.
GanlL

3S68. Wind-Tunnel Investigation of an External-Flow Jet-
Augmented Slotted Flap Snitable for Application to
Airplanes With Pod-JIounted Jet Engines. By John P.
Oampbell and Joseph L. John&& Jr.

3904. Investigation of the Elffectivene.w of Boundary-Layer ‘
Clontrol by Blowing Over a Oombiuation of Sliding
Plain Flaps in Dedecting a propeller Sliptieam
Downward for Verticnl Tak&Ofl. By Kenneth P.
Spreeraann and RichardILKuhn.

3907.ShniHtnde Relations for Free-Model TVind-Tnrmel
Studies of StoreDropping Problems. By Oarl A. San-
dahl and Maxime A. Fagek

3918. Wind-Tunnel Investigation of Effect of Propeller Slip-
streams on Aerodynamic OharactarSMics of a Wing
Ek@pped With a 5&Percent-Ohord Slidfng Flap and
a 30-Percen&Chord Slotted Flap. By Richard E.
hfaxi~ Jr.

‘3919. Investigation of llffectivenex of a Wing Equipped With
a 50-Percent-Ohord Sliding Flap, a 30-Percent-Ohord
Slotted Flap, and a 30-Percent-Ohord Slat in Detlect- .
ing Propeller Slipstreams Downward for Vertical
TakWXf. BY Richard Il. Kuhn.

393S. Sidewash in the Vicinity of Lifting Swept Wings at
Supersonic SpeedR BY Percy J. Bobbitt and Peter J.

Knhn and WilHara C. Hayes, Jr.
3942. Investigation of Variation in Base Presanre Over the

Reynolds Number Range in Which Wake Transition
Occnrs for Nonlifting Bodies of Revolution at Mach

Numbers From 1.62 to 2.62 BY Vernon Van Else.
3663. A Correlation of Low-S- Alm?oil-Section Stalling

Oharacterlatica With Reynolds Nnmber and Airfoil
Geometry. By Donald IL Ganlt.

3964. !rhe Linearizwl Subsonic Flow About Symmetrical Non-
- W@-B~Y Combinations. By John B. ‘
~clletiti

3966. Theoretical Investigation of we IMTectsof Oon@nra-
tion Ohanges on the Oenter-of-Prwmre Shift of a
Body-Wing-Tail 00mbinatlon Due to Angle of Attack
and Mach Number at Transordc and Supersonic
Speeds. By J. Richard SPahr.

403S. Perforated Sheets as the Porous Material for a Suction-
~ap Application. By Robert E. Dmmenberg, James A.
We4berg, and Bruno J. GambuccL
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Te.chrdrzilMemomndnxns
13S3. Finite Span wings in Compressible Flow. By El. A.

KraMshchikova. From Scientific Records of the Mo5
cow State University, VOL~ Mechanics no. ~ 1%~
with appendix condensed from a document ‘Nodern
problems of A@chanl~” Goti pub. House of Tech.
Theor. Literature (Moscow, Leningrad), 1952.

1421. A Theoretical Investigation of the Dr6g of Generalized
Aircraft Oonftgnrationa in Supersonic Flow. BYE. TV.
&ahan& P. & Lagerstromj R. M. Lither, and B. J.
Bean% Doughw &craft Company, ~c-j JanuaIw 1957.

Other Technical Papers by StaiYMernbe.m-
Baala, Donald D.: Model Selection and Design PrF@

ticea Applicable to the Development of SpeeMc Air-
crafk Presented at the Sth Meeting of the Wind Tnn-
nel and Model Testing Pauel (Rome Italy, Feb. 20-25,
1966), Advisory Group for Aeronautical Resemch and
Development Report Z

Bro~ Ollnton EL: Aerodynamics of Bodies at High
SPee&L High Speed Aerdynarnica and Jet Propul-
sion, VOLVII-Aerodynamic Components of Aircraft at
High Spee@ & P. Donovan and H.. R. Lawren~ ei&
Princeton Univ. Press (PrincetorL N. J.), 1%7, Seek B,
pp. 244-280. ‘

Ormvley, John TVq Jr.: Supersonic Vehicle of Com-
merce . . . Supersonic Weapon of War. Interavi% VOL
12, No. 1. Jan. 1957, pp. 4646.

Dryden, Hugh L.: Aircraft Performance characteris-
tics. Papers pr@?nted at me Spring 1956 RTOA &-
sembly Meeting Held in Cooperation With the Boston
Sections of the Radio Rngineera Institute of the Aero-
nautical ScienceE (Bosto& - June 5-6, 1956),
Paper 131+61AS-175, Pp. N–l–7.

Drydeq Hugh L.: Engineering problems of High-
Speed Flight Buffalo Untverai@ School of Dngineer-
lng Symposinrq Jan. 6, 1965, pp. 1-6.

lhi~ Oharles TV.: The IErperimental Aerodynamic
of Wings at Transonic and Supersonic Speeds. High
Speed Aerodynamics and Jet Propulsion VOL TTI—
Aerodynamic Components of Aircraft at High Speeds,
A. F. Donovan and H. R. ILawren@ eds., Princeton
Univ. Press (l?rinceto~ N. J.), 1955, SCCL G, pP.
794-832.

Hansew Raymond X.: Evaluation and Calibration of
Wire-Strain-Gage Wind-Tunnel Balances Under Imad.
Presented at he 8th Meeting of the Wind Tunnel and
Afoclel Testing Panel (Rom~ Italy, Feb. 20-24$,1956),
Advisory Group for Aeronautical &search and De-
velopment Report 13.

Hansen, Raymond M.: Mechanical Design and Fabri-
cation of Stxai.n-Gage Balancea Presented at the
Sth Meeting of the Wind Tunnel and Model Testing
Panel (Rome Italy, Feb. 20-26, 1936), Advisory Group
for Aeronautical Research and Development Report 9.

Jones, Robert Ty and Coh~ Doris: Aerodynamic of
Wings at High’ Speeds. High Speed Aerodynamics
and Jet l?ropnlsio~ VOL VH-Aerodynamic Com-
ponents of Atrcmft at High Speeds. & F. Donovan
and H. IL Lawrence, e@ Princeton Univ. Press
(Princeton, N. J.), 1957, Sect & pp. 3-243.

Jones, Robert T.: Some Recent Developments in the
Aerodynamics of Wings for High Speeds. Zei$ fur
Flugwhwensch_ Tel. ~ No. 8, Aug. 1956, pp.
257-2622

Ken@ James ~ Jr.: Iilxperlmental Investigation of
I#ading Edge Shock Wave-Boundary Layer Interac-
tion at Hypersonic Speed& Jour. Aero. &lb vol. 24,
No. 1, Jan. 1957, pp. 47-56.

Kerw@ WiUiarn J.: Chronograph Times. Ellectronim
vol. 80, No. ~ Apr. 1, 1957, pp. 152-155.

Lom~ Harvard, and Heasle& Maxwell A.: Recent
Developments in the Theory of Wing-Body Wave
Drag. Jonr. Aero. S& VOL2-3, No. I!2, Dec. 1956, pp.
1061-1074.

Lowry, John Q9 Rie~ John M., and (Yampbe~ John
P.: The Je&Augmented Flap. Preprint TM, Inst.
Aero. SCL,1957.

Sac&, Alvin H.: Vortex Interference Effects on tho
Aerodynamics of Slender Alr@nes and MIssiles. Jour.

-Acre. S& VOL2J&No. & June 1957, pp. 893-402, 4X2.

Williams, Walter O.: Flight Research at High Altitudes
and High Speeds WithRocket-Propelled Rmearcl Air-
plmes. Trana, S- VOL64, 1956, PP. 670-576.

William% Walter 0. and Drak~ Hubert hf.: The Re-
search Alrplan&Pas~ l?resen~ and Future. Preprint
750, Ink Aero. SCL,1957.

POWER PLANTS FOR AIRCRAIW.

&rcraft Fuels Research

Technical Notes

3276. Properties of Aircraft Fuels. By Henry O. Barnett and
Robert R @bbard.

3765. Some E&4a of Small%ale Flow Dlatnrbance on Nozzle-
Burner FlaIues. By Edgar L, Wong.

25%. ~ect of Pressureon the SpontaneousignitionTempera-
ture of Liquid FnelE. By Oleveland O’IWQ Jr.

3S33. Stabillty Lttnita and Burning Velocities of Larnhmr Hy-
drogen-ALr Flamea at Reduced Pressure. By Burton
Fine.

3S67. 3ilffect of Concentration on Ignition Delays for Various
Fnel-Osygen-Nitrogen Mktnres at Elevated Tempera-
tnms. By 11 hagnostou, IL S. Brokaw, and J. N.
Butler.

3SS9. Pressure Lam of Titania and Magnesium Slurrles in
Pipes and Pipeline Transitions. By Ruth N, Weltnmnn
and Thomas A. Keller.

3977. Further Experiments on the Stability of Jkuninar and
Turbulent Hydrogen-Air Flames at Reduced Preeaures,
By Burton Fine.

Other TecbrdcaI Papers by Stafl Mcrnbers
hfcKeo&L Anderson B., and’ Hibbrmd, Robert R: De-

termination of Dissolved Oxygen in Hydrocarbons.
AnaL Ohem., vol. 28, No. 9, Sept. 1956, pp. 1400-1492.

“Com.hwtion Reeearch

~ Repo’rta

1264. A Thermal Equation for Flame Quenching. By A. K1.
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 Effec&. By Robert L. m-impi.

IZ77. Interaction of a Free Flame Front With a Turbulence
Field. By ?ifanrice Tucker.

12S6. Propagation of a Free Flame in a Turbulent (3aEStream.
By William B. Mickelsen and Norman 13.Ehmati.

12.&i’. Spark Ignition of Flowing Gases. By Olyde O. Swet$
Jr.



REPORT NATIONAL ADVISORY C(WIU’M’DE FOR AERONAUTICS 63

Tecbnicnl Notes
3050. A Self-Balancing LineReverad Pyrometer. By Don-

ald Buchek
3760. Aerodynamic Mixing Downstream From Line ‘Source of

Heat in High-Intensity Sound Field. BY VWliam R
Mickelsen and Lionel V. Baldwin.

3762. Drag Ooetliclents for Droplets and Solid Spheres in
Clloude Accelemting in Air-Streams. By Robert D.
Ingebo.

3630. Growth of Disturbances in a Flame-Generated Shear
Region. By Perry L. Blackshear, Jr.

3682. A Relation Between Burning Veloci@ and Quenching
Distance, By L Il. Potter, Jr., and & L. Berlad.

3029. A General System for Clalcnlatig Burning Rates of
Particlea and Drops and Comparison of Calculated
Rates for Carbon, Boron, Magnesium, and Isooctnne.
By Kenneth P. Oollin and Richard S. Brokaw.

3983. Effect of Stnnding Transverse Acoustic Oscillations on
Fuel-oxidant Mixing in Cylindrical Combustion Oham-
hers. By VWliam R Mtckelsem

Other TecbnicnlPapersby Stnff Members

Berlad, Abraham ~ and Potter, Andrew III.: Relation
of Boundary Velod@ Gradient for Flash Back to
Burning Velocity and Quenching Distance. Combu&
tion and Flame, vo~ ~ No. ~ Mar. 1957, pp. 1.27-I.2$.

Butler, James N9 and Brokaw, Richard S.: Thermal
Conductivity of Gas Mixtures in ChemicalEquilibrium
Jour. Ohem P~ys-, VOL 26, No. 6, June 1957, pp.
1636-1643.

&obman, Jack S., and DittrickL Ralph T.: Pressure
Drop and Air Blow Distribution in Gas Turbine Oom-
bnstors. Paper 56-A-208, A. S. M. El, 1956.

Mickelsen, William R, and Drnst.ei& Norm-kn El.:
. Growth Rates of Turbulent Free Flamw Jour. Ohem

Phys., VOL25, No. 3, Sept. 1956, pp. 485469.

Olsonj Walter T.: Combustion for Aircraft Eh@nes.
Fifth Intematlonal Aeronautical Conference (Iks
Angeles, CalH., June 20-23, 1955) (Convened by IAS
and RAS), Rita J. Turine and Ckroline Taylor, eti,
IIISLAero. Set.,Inc (N. Y.), Iw, PP.44-

Lubrication and Wear . ‘

Reports

l!W4. Friction, Wear, and Surface Damage of Metals as At-
fected by Solid Surface INhns. BY Edmond D. Bisson,
Robert L. Johnson, Mas. A. Swiker4 and Douglas
Godfrey.

Technical Notes
3772, Effect of Three Design Parametem. on the Owrating

OharacterhMcs of 75-Millimeter-Bore Oylindrl&l
Roller Bearings at High Speeds. By William J.
Anderson.

~~~c performance of ~o-M~e&-Bore M.1 Tool steel B~
Benrings at High 13peeds, Loads, and Tempemtares.
By William J. Anderson.

39X. Preliminary Metnllogmphic StudiW of Ball IM&ue
Under Rolling-Contact Conditions. BY E Robert
Bear and Robert H. Butler.

3930. Stress-Life Relation of the RolHng-Contact Fatigue Spin
Rig. By Robert E Butler and Thomas L. Carter.

3933. IMfect of Fiber Orientation on Ball Failnrea Under

Other TechnicalPapers by Stnfl Members
JOhnSOIL Richard L., Swiker~ -’ A., and BailQy,

John M.: Wear of Materhds for High Temmratnre
Dynamic Seals (Paper, “Seals for Aircmft Gas .Tnr-
bines”, based on this and others), S.MLIJour., VOLw
Sept.1956,pp. 46-50. ,

Nemethj Zolton N., and Anderso% William J.: 13Eectof
O~gen Concentration in Atmosphere on Oil Lubrica-
tion of High-TemperatureBall Bearings- Lubrication
Eng., VOL1.2,No. 5, Sept--OcL, 1956,pp. 327-330.

Peterson, AIarshall B. (G. Il. Co.) and JohnsoILRobert
L.: Solid Lubricants for Temperatures to 1,000”F.
Lubrication Dng., VOL13, No. 4, Apr. 1%7, pp. 203-207.

TVeltmr@ Ruth N., and K- Perry W.: The Use of
an Automatic Viscometer for the Study of Lubricant
Flow. Lubrication IMg., roL 18, No. 1, Jan. 1957, pp.
43-60.

Compressor and Tnrbine Research

Teclmkal Notes
3759. Analysis of Laminar Jncompresslble Flow in Semiporous

OhanneJs. By Pabick L. Donoughe.
3771. Low-Speed Wake Characteristics of Tw&Dimensional

Cascade and Isolated Airfoil Sections. By Seymour
Lieblein and WiLliam H. Roudebush.

3$02A Investigation of a Related Series of TurbineBlade Pro-
illa in Clascade. By James O. Dnnavant and John R
-Erwin.

3606. Comparison of NAOA tWSeries Compressor-Blade Pres-
sure D&tzibutions and Perfopmrme in a Rotor and ~
Caacada BY Willard R. WeatPhal and TWllfam R
Godwin.

N317. Two-DimeILsional Low-Speed Cascade Investigation of
NAOA Compressor Blade Sections Having a Systematic
Variation in Mean-Line Loading. By John R Erwin,
Melvyn Savag~ and James O. Eknery.

3S23. Investigation of Rotating Stall in a ifngle-i%nge Axial
,flomprwsor. By S. R Montgomery and J. J. Brann.

3&31. Tabulation of Mass-Elow Parameters for use in Design
of Turb&Machine Blade Rows for Ratios of Specific
HeRta of L3 and 1.4. BY Warren J. Wh.hey.

3840. Analysis of Particle llottons for a Olass of ThreeDimen-
sional Incompressible Larainar Boundary Layers. By
Arthur Cl. Hansen and Howard Z. Herzig.

3913. S~y of 6%e.riea Compresso~Blade Low-Speed Oas-
cade Data by Use of the Carpe&PlotHng Technique.
By & Richard Felix. “

3916. Systematic Two-Dimensional Cascade TeatE of NAOA
65-Series Oompremor Bladea at Low Speeds. BY L.
Joseph Herrig, James O. tiCrJ’, and John R I&win.

3923. Effect of Chord Size on Weight and Cooling Oharacteris-
ties of Air-Oooled Tnrbine Blades. BY Jack B. Esgar,
Eugene F. Schum, and Arthur N. OurrerL

3937. A OomparLson of Typical National Gas Turbine Iilstab-
lishment and NAOA Axial-Flow Comprtxmr Blade Se&
tiom in Uascade at Low Speed. BY. A- Richard Ii%lix
and James O. 3Dnmry.

3959. Oascade Investigation of a Related Series of 6-Percent-
Thick GuideVane Profllw and Design Oharta By
Jamea O. Dunavant.

39S0. Investigation of Semivaneless Turbine Stator Designed
to Produce_ Symmetrical Free-Vortex Flow. By
Harold IL Rohlik and William T. Wintncky.

4023. Dwign and Experimental Evaluation of a Light-’Weight
Rolling-Contact Conditions. By Robert H. Butler, E ‘Pnrbin&Wheel Assembly.
Robert Bear, and Thomas L. Carter. Kemp.

4139104-G~

By W. O. ~OrgTlll and R. H.

.

.-
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Other Technical Papers by Staff Members

Daily, Jama TV. (~T), and Johnso~ Virgil IL Jr.:
Tnrbtde.nce and Bonndary-Layer Effects on Cavitation
Inception From Gas NncleL Tram& A. S. ht. El., VOL
7~ No. & NOV.1956, pp. 16f&1706.

Esgar, Jack B., Livingo@ John N. B9 and Hickel,
Robert O.: Research on Application of Cooling to Gas
Turbine% Trans. & S. M. 13vvol. 79, No. 3, Apr. 1!357,
pp. 04&tM1.

Hanson, Morgan P.: A Vibration Damper for bial-
‘ IYOTVCompressor Blading. %oc. SOC. Exp. StreSS

~ VOL1% No. ~ 1%6, pp. M&l@,.

Hartmann, MdVd J., and Wilco& Ward W.: problems
Encountered in the Translation of Compressor Per-
formance From One GW to Another. Tram A. S. M. ~.
VOL79, No. 4, May 1967, pp. S&7-S97.

He=ig, Howard Z. and Hm=Iu Arthur i-: M-
mental and Analytical Investigation of Secondary
Flow in Ducts, Jour. Aero. SCL, VOL~ No. 8, Mar.
1957, pp. 2L7-231.

?&3rgler, Harry W.: Know Your Proceaa Part 3-Ma-
chining From Recorded Information. Control E@i-
neerlng, VOL3, No. 9, SepL 1956, pp. 110-1.11.

Nuclear Powered Engines ‘

Reports
1270. Review of Experimental “Inveatigationa of Liqnid-Metal

Heat Transfer. By Bernard Lubars@ and Samuel J.
Kanfman

~. Iktrapolation Techniques Applied to Afai2fx Bfethoda in
Neutron DiEnMon Problems. By Robert lL McCready.

TecbnicEI Notea
38% Inveatlgatlon of’ Transient Pool Boiling Due to Sud-

den Large Power Snrge. BY Robert Wk.
3S9L Rapid Determlnatton of Care Di&naions of Crossflow

@Ao-GaE Heat Emhangera. By Anthony J. Diagnila
and John N. B. Living~d.

TeebnicaI Blemorandnrns
1405. Steady Nuclear Combustion in Rockets. By E. Siinger.

From Atronautica Acts, YOL~ PL ~ 1955, pp. 614?S.

Other Tecknhd Papers by Staff Membem
Col~ Robert: Investigation of Transient Pool Boil-

ing Due to Sudden Large Heat Generation. Reactor
Heat Trarwfer Rrogress, I%mlear ‘Development Corp.
of America (White Plains, AT.Y.) Report NDA-25,
Apr. 27,1956, pp. +9.

Girifalco, Lonia & and I@ Robert A.: Energy of
Cohesion, Compressibility, and the Potential Energy
Function of the Graphite System Jour. Chem. Phys.,
roL %i, h’O.4, Ock i936, PP.6!33-697.

HaUman, Theodore M..: Combined Forced and Free-
Laminrw Heat ‘lransfw-in Verticnl Tribes With uniform

Internal Heat Generation. Trans. A S. M. E. VOL78,
No. 8, NOV.1956, pp. lS31-lS41. .

Leider, Herman R., Girifalco, Iknia & and Lad, Rob-
ert A.: X-Ray Induced Crack Formation in Sodinm
Chlorida Acta Metallurgieia, VOL5, No. ~ Apr. 1937,
pp. 216-21s.

OstraclA Simon: Convection Phenomexia in Fluids Heated
From Below. Trans. A. S. M. B., vol. 79, Aye.2, Feb.
1957, pp. 29$305.

c;OMMJTI?EEFOR AERONAUTICS

Ostrachy ShnOU tid ~OllltOn, Philip R.: On the Stag-
nation of Natnral-~nvection Flows in Closed-End
Tubw. Paper 57-SA-2, A S. M. Il., 1957.

Papazlan, H. (Raytheon (Mfg. Co.), and Lad, Robert
&: On the Ordering Elffecta in the corrosion of
OUS Au by Aqueons Ferric Chlorid& Jonr. Metals,
-VOL S, No. 10, SeeL 2,OCL 1956, p. 1340.

Volkin, Howard O.: Angtdar Averages in the Scatter-
ing of Slow Neutrons by Gases. Jour. Appl. Phyaj
VOL2S, No. 2, Feb. 1957, pp. 1W1S9.

13rt@e Performance and Operation

Teebnical Notes s
3766. Radiation and Recovery Corrections and Time Conatnnts

of Several Chromel-Alnmel Thermocouple Probes in
High-Temperatnr~ High-Velocity Gas Streams. By
George B. Glaw~ Frederick S. Simmons, and Truman
M. Stickney.

3S34. Effect of Ambient-Temperature Variation on the hfatch-
ing Reqatrements of Inlet-Engine Combinations at
Supersonic Speeds. By EIngenePerchonok and Donald
P. Hearth.

3S3S. Performance Characteristics of Ring-Clascade-Type
Thrnst Reversers. By Jack G. BfcArdle.

3S66. The ID&et of Forward-Flight Speed on the Propulsive
Character&tlca of a Pulse-Jet Elngin# Mounted on a
Helicopter Rotor. By Robert D. Pcwell, Jr.

3S93. Theory and Design of a Pnenmatlc Temperature Probe
and Experimental Resnlts Obtained in a High-Tempera-
ture GaEStream. By Frederick S. Simmons and George
ELQlawe.

3906. Fr~Jet TestE of a n-Inch-Diameter Supersonic Ram-
Jet 13ngine. By Joseph H. Judd and Otto F. Trou4 Jr.

3922. Analytical Irnw&ation of the EMect of Water Injection
on Supersonic Tnrbojet-Elngine-Inlet Matching and
Thrast Augmentation. By Andrew Bake.

3926. Experimental Comparison of Speed-Fuel-Flow and
Speed-Area Controls on a Turbojet Engine for Small

‘ Step disturbances. By L. M. Wenzel, 0. E. Hnrt, mld
R. T. Craig.

3934: Experimental Study of Heat Transfer to Smntl Uylinders
in a Snbsoniq Higl-Temperatnru Gas Stream. By
George IO. Glaw’e and Robert O. Johnson. ADpendix
C: Method Used to compute Viscosity and Thermal
ConductiviG’ of Combustion Gas ?distnres. BY Rich-
ard S. Brokaw and Robert C. Johnson.

3936. Experimental Investigation of Temperature Feedback
Control Systems Applicable to Tnrbojet-Engine Con-
troL By O. ELHart, L. M. Wenzel and R. T. Craig.

3976. Investigation of a FnlM3cah% Cascade-Type Thrust Re-
rerser. By Robert O. Kohl and Joseph S. A.&anti.

39S1. Tables of Variona Mach Number Functions for Spcclilc-
Heat Ratios From LX to 1.3S. BY Lewis Laboratory
Computing Staff.

Other Technical Paperfi by Staff Members

Diraeff, Jo@ and Fryer,. Thomas B.: Capacitance
Picknlp Measnres Small Forces. llllectronicq vol. 30,
No. 2, Feb. ~ 1957, pp. 143-145.

GlaTv% George D.: A High Temperature Combination
Sonic Asptrnted Thermocouple and Total Pressare
Probe. Jet Propulsion, rol. 27, No. 5, May 1057,
pp. 643-544.

Ko~ Robert C., and Algranttj Joseph S.: Perform-
anea and Operational Studies of TWO Full-Scale Jet-
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Elngine Throat-Rever&r SystenM Preprint 113, SAEl, 3932. An Instigation of High-Tempemtnre Vacuum and Hy-
1957. drogen Fnrnaee Brasing. By Walter EL Ruimli and

hfiiier, Wiliiam SwJr., Kreb% Richard P., and Blaschk% John P. Wisner.

Theodore 0.: Shaft Gas Turbines for Helicopters. S9713.Rupture Stiength of Several Nickel-Base Alloys in Sheet

Trans. SAM,u 1956,pp. 34%355. -Form. By James ELDance and Francis J. Oiauss
4049. Inllnence of Oradble Materials on High-T8mperatnre

Rolis, L. Stewart: Fiight Experience With lilxit-Prer+ Properties of Vacnmn-Melb3d Nickei-Ohoromium-
sure and Tempe@ure Snrvey for Tiumst hleasnre- Oobrdt‘AUoy. By ~. F. Decker, John P. Rowe, and
meats, Proc of the 2nd National Symposium on “ J. W. Freeman.
Flieht Tast Instrumentation. Instrument Sot. Am. L— ___
(Pi~b~ P%) ;1956, pp. 69-’90.

Saafi Martin J.: Thrust Measurement for Jet Trans-
port Operation. Preprint ~ SAD, 19S7.

Schneiler, Oarl F.: Inlet-lihugine fiatching and Oon-
trol Systems for Supersonic Airplanes. Office National
d’illtudes et de Re&erches Aeronantiques (France),
Report of International Works on Aeronautical Sd-
0RCC4Pnrt I (Paris, May 27-2$, 1957), PP. 27-

Useler, James W.: 3Mfect of Turbojet Compressor
Oooianta on Afterburner Combustion. Jet Propulsion,
VOL27, No. 1, Jan. 1957, pp. 25-27.

Vast4 George: ~eriments With Optimalising Oon-
trois Appiied to Rapid Oontzol of Engine Preesnrw
Wi~ H.igh-Ampl.itnde Noise Signaul. Trans.
A S. K D., VOL79, No. 3, Apr. 1957, pp. 481466.

Wasielewski, Eugene W.: Propulsion Wind Tunnei at
NAO~ Lewts Labomtory. hfech. Eng. vol. 78 No. ~
NOV.1956, pp. 1007-10W

Engine MateriaIs Rem-arch

Reports
1.286. Ooopemtive Investigation of Relationship Between

Static and Fatigne Properties of Wrought N-155 Ai-
10Y at Elevated Tempemtnres. BY NAOA Subcom-
mittee on Power-Piant Materials.

Technical Notes

3279, Effect of Phosphate Coatings on Temperature of Metai
Parts Elxposed to Fiame Iilnviromnents. By George O.
Frybnrg, Norman H. K@ and Sidney L. Simon.

3727. Influence of Hot-Working Conditions on High-Tempera-
ture Properties of a Heat-Resistant Alloy. By John F.
Dwing and J. TV.Freeman.

376$), Fnrther Investigation of the Ii’easibffl@ of the Freeza-
O@ng Method for Forming Fuil-Size Inliitrated
Titminm Oarbide Turbine Blade& BY ELM. Grala.

3773, The Design of Brittie-hfaterial Biade Roots Bued on
Theory and Ruptnre Test of Plastic Models. BY
Andr4 J. Meyer, Jr., Aibert Kaufman, and Wiliiam O.
Oaywood.

3787. Hent-Capacity Measurements of Titanium and of a Hy-
dride of !iWardnm for Temperatures from 4“ to 15° IL
Including a Detaikl Description of a Special Adia-
batic Specidc-Heat Calorimeter. BY M. EL Aven,
R. S. Oraig, and W. E. WaUace.

362% Investigation of the NiAi Phase of Nickel-Aluminnm
Alioys. By Edward XL Graia.

3604. A Study of the Impact Behavior of High-Tempmture
Materials. By E B. Probst and Howard T. MeHenry.

3927. Preiimlnary Investigation of the Effect of Surface Treat-
ment on the Strength of a Titanium Oarbid~O Per-
cent Nickel Base Cermet. BY Leonard Robins and
Edward M. Gmla.

3031. A Stndy of the “Toss Factor” in the Impact Testing of
Cermeti by the IZOD Penduhun TesL By H. B.
Probst and Howard T. McHenrY.

Other Ttical Papers by Staff Members

Brown, Wiiiiam F- Jr.: Strength Limitations of High
Strength Steels at hhxkerately Elevated Temperatures.
Proc of Sagamore Resear@ Conference v. 2, Strength
Limitations of Metnls. Sy~cme Univ. Remarch In-
stitnte, Mar. 1956, pp. 253+66.

Ho@ Arthur G., imd Repko, Andrew J.: Correlation
of Fir-Tree-Type Turbine-Blade-Fastardng Strength
with Mechanical Properties of Material& TrrmfL
A. S. hf. D., l’OL 7& hTO.6, Ang. 1956, pp. l%il-~..

Jones, Melvin H., Newman, D. P. (NOTS), and Brow
Wiiiiam F.: Cree-p Damage in a Or-Me-V Steel as
Measured by Retained Stress Ruptnre Properties-
Tr.@ns.A- S. M. Il., vol. 79, No. 1, Jan. 1957, pp. 117-120. -

Mansow Samuel S., and SIICCOP, George: Stress-
Rupture Properties of Inconel 704 and Correlation on
the Basis of Semml Time-Tempemtnre Parametem.
A. S. T. AL Spec. Tech. Pub. 17% 1956, pp. 40-46.

Mendelso% Alesander, and lfanso~ Samuel EL: Pmc-
tical Solution of Piastic Deformation Problems in the
Etastic-Range- Paper 56-A-2~ A. S. hf. El, 1956. ‘

Temes, OiitTord L.: Automatic Frquency-Oontrol Sys-
tem for a High-R!requency Resonant-Type Fatigue
Testing Machine- Proc. Sot. I&p. Stress Anaiysis, vol.
l% No. 1, 19S6, PP. 39-96.

TVelber, Benjamin: On Some Mechanical Properties of
Super-Conductors- Proc. of the 1956 Cryogenic Engi-
neering Conference (Boulder, COIO. S-ePL6-7, 1~),
Univ. Colomdo (Boulder, Colo.), Feb. 1957, p. 116.

Rocket Research

TecbnkdNotes

3S27. 13xPerimental Investigation of a Ligh&Weight Rocket
Ohamber. By John E. Dalgleish and Adelbert O.
TisChler.

3835. A Stndy of Sprays Formed by TWO Impinging Jets BY
~Marcus F. Heidmanq Richard J. Priem, and Jack O.
Humphrey.

3$64, Ignition Delays &d Fiuid properties of Several Fuels
and Nitric Acid OxManta in Tempemtnre Range From
70° to —105° F. By Riiey O. Milier.

3933. Hy&ogen-04gen ~lOSiO~ in Exhaust Ducttng. BY
Paul M. Ordin.

Other Tecbnicai PiPers by Staff Members
.Luiden& Rob@ CL,and Webed, Richard J.: A Xethod
for Evaluating Je&Propuision-System Components in
Terms of We Performance. Canadian Aero. Jour.,
vol. 3, No. 3, Mar. 1957, PP. 96-100.

Sanders, John O., Nov& DaVi@ and H@ Olint El.:
Effect of Dynamic Oharacteristica of Rocket Com-
ponents on Rocket Oontrol, Preprint 710, M Aero.
Sdv 1957.
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AIRCRAFT CONSTRUCI’ION

Aircraft Structures

Reports
1255. An AnaiYsis of tie SrabiUty and Ultimate Oomprefuiive

Strength of Short Sheet-Stringer Panels With Special
Reference to the Inilnence of tie Riveted Connection
Between Sheet and Stringer. By Joseph W. Semonian
and James P. Peterson.

Technical Nocea

4011. Some Aspects of Fail-safe Design of Pressurised lTtlEc-
lag= By Paul Kuhn and Roger TV. Peters.

4012 FatignM3rack Propagation and Residual Static Strength
of Built-Up Shmctnres. By Herbert F. Hardrath and.
Richard E. Whaiey.

4015. Theoretical and Esperhnental Investigations of Delta-
Wing Vibration.% By Eldwin T. Krnszewskl, Elklon D.
Kord@ and Deene J. JVeidman.

4051. 13ffects of Rapid Heating on Strength of Airframe Uom.
ponentx. By Richard A. Prid% John B. Haii, Jr., and

3684.

3726.

3729.

3735.

3749.

375L

3756.

3757.

376s.

377%.

3601.

3813.

3647-.

3wl.

3856.

3993.

3!399.

4003.

4009.

Large Deflection of Onrved Plates. By J. G. L&w, J. A.
~OX, and T. T. Loo.

Compressive and Torsional Buckling of Thin-TVaii
Oylindem in Yield ILegiorL By George Gerard.

Mechanical Tests on Spedraens From Large Alnminum-
A.lloy Forgings. BY James A. Milier and *ed IL .
AlberL

Bending Tests of Ring-Stiffened Oirmdar Cylind~ By
Jamea P. Peterson.

TOrSiOlld Stifi?nem of Thin-TValied Shells Having ReiIL-
fordng Oores and Rectangular, Triangular, or Diamond
Oross Section. By Harvey G. ,McOomb, Jr.

A Study of the EflMency of High-StiengtQ SW Oi?liu-
lar-Oore Sandwich Plates in Compression. By Aldie IL
Johnso~ Jra and Joseph W. Semonian.

Study of Size E&ect in Sheet-Stringer Panels. BY J. P.
Dora&nand Edward B. Schwartz.

Torsional Inshbiiiti of Hinged Flanges Stiffened by .
Lips and Bulbs. By George Gerard.

~temction of Bearing and Tensile Loads on Oreep Prop-
ertied of Joint& BY El. G. Bodin% R, L. (larlson, and
CLK. Manning.

Analysis of mastic Thermal strEsaes in Thin Piate filth
Spamvise and Chrodwise Variations of Temperature
and Thickncw. By Alexander Mendelson and Marvin
H.irschberg.

%peAmati Investigation of the Strength of llnltiweb
Beams With Oorrngati Webs. BY AUister B. Fraser.

OomparJson of Theoretical Stresses and Del%ctlone of
Mnlticeli Wings With Experimental Restdta Obtained
From Plastic Models. BY GWIZQ W. ~der.

Effect of an Interface on Transient Temperature Distri-
bution in Oomposite Alreraft Joints- By Martin E.
Barzelay and George F. Holloway.

Oreep Behavior of Structural Joints of Aircraft Materials
Under 06nstant Loads and Temperatnr= ~y Leonard
MOddll and Alvin O. Legate.

Fatign&Craek-Propm@lon and Residual-Stati& Strength
~ts on Fuil-Scsle Transport=Airplane Wins BY
Richard E. WhaleY, M. J. iUeGnigaIL Jr., and D. F.
Bryan. .

li’aiinre Ohamcterlstics of Pressurized Stiffened. Oylin-
dera By Roger W. Peters and NORiS F. Dow.

Fatignc@rack Propagation in Alnminum-AUoy Box
Beams. BY Herbert A- Leybol& OharleE B. Land-
and Louis W. Hansehii($ and Herbert E’. Hardmtb-

Bnrsting Strength of Unstl&ned Prefwure Oylin@s
With Slits. By Roger W. Pe-& and Paul Knhn.

ExPwhmti Mlnenm Ootidents and Vibration Modes
of a Built-Up 45” Delta-Wing Specimen. By Elidon El
Kord~ Edwin T. Krnszews~ and Deene J. lVeidmarL

A Variational Theorem for Oreep With Applications to
Plates and Oolnmns. By J. Lyeli Sander& Jr. Harvey
G. McComb, Jrw and Floyd IL Schleehte.

Some Research Results on Sandwich t%m~ By
Melvin S. Anderson and Richard G. UpdegrafL

mmin w naerson.
4W2 Two Factors Inllnendng Temperature Distributions and

T?IWMIal Stresses in Structures. By TWiUam A.
Broom Jra George E. Griffith, and H. Kurt StraSs.

4033. The Oombinatione of Thermal and Load Stresses for the
Onset of Permanent Buckling in Platea By George W.
Zender and Richard A. Pride.

40S4. Ilf&ct of Transient Heating on Vibmtion I?requendes of
Some Simple Wing Structures. By LOUISF. Vostcen,
Robert R McWithey, and Robert G. Thomson.

TecbnicnlMemornndnrns .

1395. The Fatigae Strength of Riveted Joints and Lungs. BY
J. Schijve. From Ifationaai Luchtvaartiaboratorium,
Rapport M.,1%2, May 1954

142% On the Theory of Animtiopic Shallow Shells. By S. A.
Ambartsumyan From Priidadnaia Matematika i
Mekhanika, vol. 1.2,-1948,pp. 75-80.

1425. On the Oalcniation of Shallow Shells. By S. A. Ambarb
smnyan. From I?rlkladnaia hfatematlka i Mekhanik@
VOL~, 1947, pp. 527-532

14.%. On the Theory of Thin Shallow Shells. BY A. A. NazaroP.
From Prikladnaia Mntenmtlka i Mekbrmiim, VOL 13,

1949, pp. 647-550.

Other Technical Papers by Staff Members

Budians&, Bernard (Harvard U.), and Mayer& Jean:
ImIuence of Aerodynamic Heating on the Rlffective
Torsional Stiffness of Thin Wings. Jour. Aero. Sal.,
vol. M NO. 12, Dec. 1956, Pp. 1~-1093.

- Heldenfels, Richard R.: Some Elevated Tempemture
Structural Problems of High-Speed Aircraft. Tmns.
S- voi. 64j 1%6, pp. ~~.

KotanchiiG Joseph N.: Experimental Research on Air-
cmft Strnctar@ at Elevated Temperatures.. Proc. See.
13xP. Stxe2a &al., VOL14, No. 2, 1957, pp. 67-80.

Kuhn, Ptfbl: Fatigue Eh@rwering in Aircraft. Fatigue
In Aircraft Structures (Proe. of the International Con-
ference held at Oolnmbia Univ., JarL 30, 31, Feb. 1,
1%6), A. hf. Freudenthal, cd., Acaci.Press (N. Y.),
1950,PP.295-31.6.

Zender, George W.: Klsperhnental Analysis of Aircraft
Structures by Means of PlaEtlc Models. Proc. Sot.
IilxP. Stress Analys@ TOL 1+ No. 1, 1066, PP.B130.

.:

Aircraft Loads

Reports

12’72 A Reevaluation of Data on Ahnospherlc Turbulence and
Airplane Gust Loads for Application in Spectral Oal-
cnlations. By Harry Press, May T. Meadows, and
Ivan EhldiOCk.

~7& ~Wt of Interaction on ~~g.G~ Behavior~~Dy
namic Loads in a Flexible Airplane Structure. By
Frands El. Cook and Benjamin M.iiwitzky.
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3701.

3’732.

3741.

37’40.

3748.

37G0,

3803,

3805.

3864.

3878.

3979.

3880.

3s7.

3909.

3910.

3920.

3&t0.

3941.

3f)Go.

ComPnrLsonof Several Methods for Obtaining ‘the Time
Response of Linear Systems to Ilither a Unit Im@ae
or Arbitrary Input From Frequency-Response Data.
By Jamea J. Donegan and Carl R. Huss.

An Investigation of VertIcnl-Wind-Shear Intensities
From Batloon Soun$ings for Application to A-ir@uE
md LHsslle-ResponseProblems. By H. B. Tolefaon.

An Investigation of the Loads on the Vertical Tail of a
Jet-Bomber Airplane Resulting From Flight Through
Rough Air. BY Jack Funk nn(l Richard H. Rhyne

Initial Results of a Filght Inwastigation of the Wing and
Tall Ikads on an Airplane Equipped With a Vane-
Controlled Gust-Alleviation System. By T. V. Cooney
nnd Russell L. Schott-

Calculation and Compilation of the Unsteady-Lift Fnnc-
tiona for a Rigid Wing Subjected to Sinusoidal Gusts
and to Sinusoidrd Sinking-Oscillations. By Joseph A.
Drischler.

An Analysis of Airspe@ Altitndq and Acceleration
Data Obtnined From a Twin-Engine Transport Air-
plane Operated Orer a Feeder-Line Route @ the
Rocky Mountaina By Martin IL C%pp and Mary W.
Fetner.

Band-Pas# Shock and Vibration Absorbers for Appltca-
tlon to Aircraft Landing Gear. By Emanuel
Schnitzer.

Calculation of the Moments on a Slender Fuselage and
Vertical Fin Penetrating Lateral Chats. By John hL
I@gleston.

Theoretical Calcnlntion of the Power Spectxn of the
Rolling aid Yaw~g Momenta on a Wing in Random
Turbulence By John AL Dggleston and FranMin W.
Dlederich.

Theoretical and Experimental Imwstigation of Random
Gust Loads. Part I—Aerodynamic Transfer lhnction
of rL Simple Wing CW@uration in Incompressible
Flow. By RaiIuo J. Hakldnen and A. S. Richardson,
Jr.

Theoretical and Experimental Investigation of Random
Chat Loati Part II—Theoretical Formulation of
Atmospheric (lust Response Problem. By A. S. Ri&-
ardsoh, 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
Jnmea J. Donegan and Carl R Huss.

Vertical Force-Defldlon characteristics of a Pair of
lY3-Inch-Diameter Aircraft Tires From Static and
Drop Tests With and Without Prerotntion. By
Robert Ii’. Smiley and Walter B. Home.

The Response of an Airplane to ~ndom Atmospheric
Disturbnnce& By Franklin W. Diederich.

Elffect of Spamvise Variations in Gust Inteuaity on the
Lift Due to Atmospheric Turbulence. By FrankHn W.
Diederlch and Joseph A. Drischler.

Impact-Iaada Investigation of Chine-Immersed Mod&
Having Concave-Convex Transverse S h a p e and
Straight or Curved Keel Lines- By Philip M.
IOdgq Jr.

Compnrlson of calculated and Experimental Load Dis-
tributions on Thin Wings at High Subsonic and Sonic
Speeds. By John L. Crigler.

Lift and Moment Reqynses to Penetration of Sharp-
Edged Traveling (hats, With Application to Penetz-a-
tton of Weak Blast Waves. BY Joseph A. Drischler
and Franklin W. Diedericb.

3958. Analysis of Static Aeroelastic Behavior of I.mv,@~t-
Ratio Rectangular Wings. By John M. Hedgepethand
Paul G. Warier,Jr.

3960. llrpected Number of Maxima and IHnimn of a Sta-
tionary Random Process With Non-Gaussian Fre-
quency Distribution. By Franklin TV.Diederich.

3992. Charts for Estimating the IBlecta of Short-Period Sta-
bility Characteristics on Airplane Vertical-Accelera-
tion and Pit&-Angle. Response in ContinuousAtmos-
pheric’Turbulenm By Kermit G. Pratt and Floyd V.
Bennett-

4001. Some Considerations of Hysteresis Effe@ on The Mo-
tion and Wheel Shimmy. By Robert F. Smiley.

4008. A Summary of Ground-Loads Skkistica. By John R.
Westfall, Benjamin Mihvitzky, Norman S. Silsby, and
Robert C. Dreher.

4056. Loads Implications of Gust-Alleviation Systems. By
William H. PhiRi@

4057. Investigation at LOWSpeedsof Deflectors and Spoilers as
Gust Alleviators on a Model of the Bell X-5 Airplane
With 36” Swept Wings &d on a Hfgh-Aspect-Ratio 36°
Swept-Wing-Fuselage ModeL By Delwin R. Oroom
and Jarrett K. Huffman.

Technical Memorandnma

1416. Testa to Determine the Adhesive Power of Passenger-Car’
TireE, By B. F6rster. From Deutsche KrafKahrffors-
cbung, No. 22.

1422. On Landing Gear Stresses. By A Gentdc. From Do-
caero, No. %-, January 19&j pp. 1’7-38.

Other TechnicalPapersby”Staff Members
Diederi@ Fra@lin TV.: The Dynamic Response of a

Large Atrplane to Continuous Random Atmospheric
Disturbances. Jour. &ro. SCL, VOl, 16, No. & Aug.
1957, pp. 47-51.

DiedericlL Franklh W., and Drischler, Joseph & Jr.:
Unsteady-Lift Functions for Penetration of Traveling

, Gusts and Oblique Blast Waves. Aero. I!lng. Rev., VOL
16, No. 8, Aug. 1957, PP. 47-61.

Donely, Phillip: The Memurement and Association of,
Repeated Loads on Airplane Compam@. Presented
at the 8rd Meeting of the Structures and Materials
Panel (Langley Flel@ Vs., Apr. 12, 1956), Advisory
Group for Aeronautical I&ear& and Development Re-
port 4n.

Duberg, John E.: Aircraft Structures Research at El+
vated Temperature Presented at the Zud Meeting of
the StructureE and Materials Panel (London, SepL 6-9,
1966), Advisory Group for Aeronautical Research and -
Development Report 3.

Hedgepe@ John M.: Recent Research on the Determi-
nation of Natnral Modes and Freqnencics of Aircraft
Wing Structures. Presented at the 3rd Meeting of The
Structures and Materials Panel (Washington, D. On
Apr. 10-17, 1956), Advisory Group for Aeronautical Re-
search and Development Re~rt 37.

Press, Harry, and Tukey, John W. (Bell TeL Lab&) :
Power Spectral Methods of Analysis and Application in
Airplane Dynamics. Advisory Group for Aeronautical
Research and Development Flight Teat Manual, vol.
4, Instrumentation, RI.J. Durbin, eda 1956, pL IV C.

Vibration and FIntter

Reports -
12S7. On the Kernel Function of .@e Integral Equation Relating

Lift and Dowrnvash Distributions of Oscillating Wings
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in supersonic Flow. By Charles E. Watkins and
Julian EL Berman.

1.262. Theoretical and Experimental Investigation of the El&W.
of Tunnel Walls on the Forces on an Oscillating Airfoil
ti Two-Dimensional Subsonic Compressible Flow. By
Harry Ii RunyaIL Donald S. Woolston, and Gerald S.
Rainey.

U&O. Theoretical Investigation of Flutter of Two-Diraensional
Flat Panels With One Surface E?xposed to Supersonic
Potential Flow. By Herbert C. Nelson and Herbert J.
Cunningham.

Te&nicaI Notea
3644 Lift and Moment Coeftlcients for an Oscillating Rec-

txngalar Wing-Aileron Condgnration in Supersonic
Flow. By Julian H. Berman. ‘

3694. Method for cnlculatlng the Aerodynamic Uading on an
Oscillating Firdte Wing in Subsonic and Sonic Flow.
By Harry 11 Runyan and Donald S. Woolstcm.

3733. Probability and Frequency characteristics of Some
Flight Buffet Loads. By ~lber B. Huston and T. H.
SkopinskL

37S0. Incompressible Flutter Characteristics of Representative
Aircraft Wings. By C. H. TViWL

3322. Some Measurements of Aerodynamic Forces and Mo-
menta at Subsonic Speeds on a Wing-Tank Condgnm-
tion Oscillating in Pitch About the Wing MidChord.
By Sherman A. Clewnson and Sumner A. Leadbetter.

3902. Results of Two Free-Fall IMperimenb on Flutter of
Thin Un$wept Wings in the Transonic Speed Range.
By William T. Lauten, Jr., and Herbert O. NeIsoIL

3914 Some Experimental Studies of Panel Flutter at Mach
h-umber L3. By. Maurice A. Sykmster and John Ill.
Baker.

3949. JMperhnental Investigation of the Oscillating Norms and
Moments on a Two-Dimensional Wing Equipped With
an Oscillating Oircular-ARC Spoiler. By Sherman A.
Clevenson and John El.TomassonL

,4010. Experimentally Determinwl Natural Vibmtion Modes of
Some CWMlem?r-TITngFlutter Models by Using an Ac-
celeration Method. By Perry W. Hanson and W. J.
Tuovila.

4060. A TVideFrequen~-Range Air-Jet Shaker. By Robert
W. Herr.

. Technical Memorandums
1402. Aeroekistic Problems of Airplane Desigm By H. G.

Ktlmmer. From Zeitschrift FUr FlugwMxmachaftexL
VOL~ ATO.L January 1955, pp. 1–18.

1423. Safeguards Against Flutter of Airplanes. By @hard
De Tries. From La Recherche Aeronautiqu& ATO.12,
pp. 16-30, 1949. La Recherche Aeromutiqu& ATO.13,
1950, pp. 2743.

1427. Turbulence in the Wake of a Thin Airfoil at Low Speeds.
By Ceorge S. Campbell, Czdifornia Institute of Tech-
nology. Januazy 1957.

Other Technical PaPers by Staff Members
Garri* Imdore E.: A’onsteady wing Characteristic=

High Speed Aerodynamics and Jet PropulsioIL VOL
VII-Aerodynamic Components of Aircraft at High
Speeds, A. F. Donovan and EL R Lawrencq edfi.,
Princeton Univ. Press (PrincetoL N. J.), 1957, SecL
F, pp. di%~.

Hedge~~ John M.: Flutter of Recta&dar Simply
Supported Panels at High Supersonic Speeds. Pre-
print 713, Inst. Aero. ~ 1957. .

Regier, Arthur A.: Noise VibratioL and Aircraft
structures. Aero. Eng. Rev., vol. 15, No. 8, Aug.
1956,PP.56-6L

Woolsto~ Donald S., Runyan, Harry L., and Andrews,
Robert E.: ~ Investigation of Iilffects of certain
~ee of Structural Nonlinearities on Wing and Con-
trol Surface Flutter. Jonk. Aero. SCL,VOLM, No. i,
Jan. 1957,PP.57-63.

AircraftStrnctnraI M.nteriale

Reports

1267. Plastic Deformation of Alumtnum Single Urystals at
ETlevated Tempemtures. By R. D. Johnson, A. P.
Young, and A D. &&JOPe.

1290. Development of Craze and Impact Re81atance in CXas-
ing Plastica by Mul@axial Stretching. By G. M. KUn&
I. TVoloclG B. M. Axilro& M. W. Sherman, D. A.
Georgq and V. Cohen.

Technical Reports

3723. Study of Aluminum Deformation by Electron Micros-
copy. By A. P. Young, O. W. iWdtor& and O. M,
Schwartz.

373L Tensile Proper&s of Inco&l and RS-120 Tltnnium-
A.Uoy Sheet Under Rapid-Heating and Oonstant-Tem-
peratare Conditions. By Worge J. Hehnerl, Ivo M.
Kurg, and John El Inge.

3736. Poisson’s Ratios and Volume Ohanges for Plaati@ly
Orthotropic MateriaL By Elbridge Z. Stowell and
Richard A. Pride.

3742. Tenalle Properties of HK3&&H24 Magneehun-AUoy
Sheet Under Rapid-Heating Conditions and Constant
Elevated Temperatures. By Thomas W. Gibbs.

3752. Tensile Properties of AZ31A-C Magneshun-Alloy Sheet
Under Rapid Heating and Oonstant-Temperature Con-
ditions. By IVOhf. Kurg.

3765. Some Observations on the Relationship Between Fatlguo
and Internal Frjction. By S. R. Valluri.

3816. Stitic S@ngth of Aluminum-AUoy Spechnens Contain-
ing Fatigue Cracks. By Arthur J. 31clPvily, Jr.
TValter Rig, and Herbert F. Hardrath.

3825. Comparison of Mechanical Properties of Flat Sheets,
3101ded ShaM and Post-Formed Shapea of Cotkm-
Fabric Phenolic Lmninates. BY F. W. Reinhart O. L.
Good, P. S. Tamer, &d 1. Wolock. .

3853. Compressive Stmes-Strain Properties of 2024T3 Alumi-
num-A.Uoy Sheet at EJlevatedTemperatures. By IIlklon
E. Mathauser.

W&-4 Compressive Stress-Strain Properties of 7076-TO Alumi-
num-AUoy Sheet at Elevated Tempemtnrea By lilklon

-. E. JIathauser.
3866. Fatlgne TestE on Notched and Umotched Sheet SPeci-

mens of 202&T3 and 7075-T6 Aluminum Alloys and
of SAE 4130 Steel With Special Consideration of t~e
Life Range From 2 to 10,000 Oycles. 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. lilffeet of Frequency and Temperature on Fatigue of
Metals. By S. R. Valluri.

3994 Static Strength of Cross-Cmin 707E-T6 Aluminum-Alloy
Extruded Bar Oontainlng Fatigue Oracks. By Walter
Illg and Arthur J. Iklilvily, Jr.

4000. A Phenomenological Relation Between Stress, Strain
I@@ and Temperature for Metils at Elevated Tem-
pemtnres By Elbridge Z. Stmvell.
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Tecbniccd Memomndruns

14M. Elffects of Intermittent Versus Continuous Heating Upon
the Tensile Properties of 20&T4 6061-T6, and
7076-T6 Alloys. By (2. TV. Stickley and H. L. Ander-
SOILAluminum Company of America. August 1956.

142430Effect of Fatigue Ckack on Static Strength: 2014413,
2024T~ 6061-T6, 7076-T6 Open-Hole i?donobloc Speci-

‘ mens. By Glenn El. Nordmark and Itzn D. 13atmq
Aluminum Company of America. May 1957.

Other Technical Papers by Staff Mernbem

Me% Florence I. (Iowa State ClolL), Schweigerj Royal
N. Lehler, Herman R., and CMfaleo, Louis A.:
Stress Activated Luminescence in X-Irradiated Alkali
Halide Uryshls. Jour. Phy& ClhemqVOL01, Jan. 1937,
pp. S6-S9.

Williams, Morgan Ii.: On the Stress Distribution at
the Base of a Stationary Crack. Jour. APPL Wc&
vol. 2% No. L Mar. 1957, pp. 109-I.M.

OPERA~G PROBLEMS -

Aircraft Operation

Reports

1261. The Near Noise Field of Static Jets and Some Model
Studies of Devices for Notse Reduction. By Leslie W.
Lasslter and Harvey E Hubbard

1292. Intensity, Seal% and Spectra of Turbulence in Mixing
Region of Free Subsonic Jet. By James O. Laurence.

Tccbnicnl Notes

3G70.

3710.

3703.

3764.

3770.

3776.

3777’.

3779.

3609.

3639.

3946.

3W4.

Further Measurements of Intensity, Scale, and Spectra
of Turbulence in a Subsonic Jet. By James C. Laurence
and Tmman M.. Stickney.

Preliminary Irrrestigation of the Ef&ta of IkWernal Wing
Fuel Tanks on Ditching Behavior of a Sm’eptback-Wing
AirPlane. By EUis B. McBrid&

Near NoIae Field of a Jet-Engine Dtiaust- I—Sound.
Pressures. By Walton L, Howes and Harold R. Mull.

Near Noise Field of a Jet-Engine Exhansk II-Cross
Correlation of Sound Pressures. By Edmund El. Crd-
Inghan, Walton L. How% and Will&rd D. CoIes.

Impingement of Droplets in 60” Elbows With Potential
Flow. By Paul T. Hacker, Paul G. Snper, and Charles
B. Eadow.

Crash Injury. By Clerar’d J. Pesman and A. MartLn
Elband.

Seat Dealgn for Crash Worthiness. By I. Irving Pinkel
and Edmund G. Rosenberg.

Tentatlre Method for calculation of the Sound I%ld
About a Source Over Ground Considering Diffraction
and Scattering Into Shadow Zones. By Dati”d O. Prid-
more-Brown and Uno Ingard.

A Method for calculation of Free-Space Sound Pressures
Near a Propeller in FIight Including Considerations of
the Chordwise Blade Loading. BY CharlcME. Watkins
and Barbara J. Durling.

Ikperhnental Droplet Impingement on Several Two-Di-
mensional Airfoils With Thickness Ratios of 6 to’16
PercenL By Thomas F. Gelder, VWliam H. Smyers,
Jr., and Uwe von Glahm

Ditching Investigations of Dynamic Models and Effects
of Design Pimmeters on Diixhing Characteristics. By
Lloyd J. Fisher and Edward L. Hoffman.

A Theory for the Lateral Response of Airplanes to Ran-
dom Atmospheric !l?nrhtden;e. By John-M. Elggleston.

3874.FhW3cale Investigation of Sew.rul Jet-Engine Noise-
Reduction NozzleIL By Willard D. Coles and Edmund
E. Cauaghan.

3978. Survey of the Acoustic Near Field of Three Nozzles at a
Pressure Ratio of 30. By Harold R.’ Mull and John
O. Erickson, Jr.

Technical Memomndnrns

1420. On the Oontribntion of Turbnlent Boundary Layem to
the Noise Inside a Fuselage. By G. M. Corcos and
H. W. Liepmarm, Douglas Aircraft Company, In&
December 1956.

Other TecbnicaI Papera by StnfFMembers

Boldman, Donald R: Sirople-Sonnd Sour& in a 5-O-to
300-Foot-Per-Second Air Stream. Jour. Acoustical Sot.
&.uw VOL 29, No. ~ Apr. 1967, pp. 532-633.

Cooper, George Il.: Understanding and Interpreting
Pilot Opinion. Aero. Eng. Reva VOL16, No. 8, Mar.
1957, pp. 47-61, 56.

(lough, Melvin N., Sawyer, Richard ~ and Tr@
James T., Jr.: Tire Runway Braking Friction Coeffi-
cients Presented at the Joint Meeting of the Flight
Test and Wind Tunnel Panel (Romq Italy, Feb. 1956),
Advisory Group for Aeronautical Research and De
v,dopment Report 51.

Hnbbar& Harvey H.: Some Ilxperiments Related to
the Nohm Erom Boundary Layers. Jour. Acoustical
SOL A.m., VOLM, No. 3, Mar. 1957, pp. 331-334

K- Richard Il.: Take-Off and Landing Distnnce
and Power Requirements of PropeUer-Driven STOL
Airplanes. Preprint 690, InsL Aero. S* 1957.

Lassiter, Leslie W. Hes& Robert W., and Hnbbar~
Harvey EL: An Experimental Study of the Reponse of
Simple Panels to Intense Acoustic Loading. Jour.
Aero. SCL, VO1.24 NO. ~ Jan. 1957, pp. 19-24, &).

MickelseIL WRliaru R“, and Baldw@ Lionel V.: Aero-
dynamic Mixing in a High Intensity Standing-Wave
Sound Ii%kL Jour. Acoustical so% An& VO1.2-9,No. 1,
Jan. 1937, pp. 4649.

Povolny, John H., and Mckrdl% Jack G.: NAOA In-
v@kation of Thrust Reverml Techniques ‘l?ram.
SD, VOL~ 1%6, pp. &t2-663.

Regkr, Arthnr L, Hubbar&. Harvey H., and Lassiter,
Leslie W.: Jet Noise Technical Aspectx of Sonn& VOL
2-Ultrasordc Rang% Underwater Acousti@ El.G. Rich-
ardsoIL cd., Dlsevier’ Pub. Co. (N. Y.), 1957, ChapL 9,
pp. 357-363.

RegIer, Arthnr & Hubbar@ Harvey H., and Lassiter,
Leslie TV.: Other SonrceE of Aircraft NOiSSand com~
parative Noise Levels Technical .kspeets of Sound,
VOL2-Ultrasonic Rang% Underwater Aconsti~ E. G.
Richardson etl, Elsevier pub. Co. (N. Y.), 1957, OhapL
10, pp. 364-394.

Reghr, Arthur A., Hubba@ Harvey H. and Lussiter,
Leslie TV.: Propeller Noise. Technical Aspeclx of
Soun@ VOL 2-Ultrasonic Range, Underwater Acous-
tics, E. G. RichardsorL cd., Elsevier Pub. 001. (N. Y.),
1957, Ohapt ~ pp. 333-3ii6.

Sanders, Newell D., and callagh~ Edmund D.: Jet-
Engine Noise Reduction Research at NACA. Noise
Control, vol. 2, No. 6, Nov. 1956, pp. 4348.

.
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Aeronautical Meteorolo=~ OtherTechnicalPapersby Staff Members

Reports Von (llahn, Uwe H.: The Icing Problem: Ourrent
Statueof NAOA Techniquesand Research. Prwente~

1.285. Summary. of Derived Gust ~dOCiti133 Obtained hOIU at the 7th Meeting of the Wind Tunnel and Model
Meaaurementa Within Thunderstorm& BY H. B. Tolef- Testing Panel (Ottawa, Oanada, June 10-1~ 1965),

son. Advisory Group for AeroMutid Research and De-
velopment AG19/PG pp. 293-331.

TechnicalNotes Aircraft Fire Research

3%3. A Limited Correlation of Atmospheric Sounding Data Technical Not=

and Turbulence Experienced by Rocket-Powered Mod- 3774. Proposed Initiating System for Omsh-Fire Prevention

el& By Homer P. Mason and lWlliam N. Gardner. System% BY Jacob U. Moser and Dugnld O. Black.

3%34. Statistical Study of Aircmft Icing I?robabilitiea at the 3973. Origin and Prevention of Omsh Fires in Torbojet Air-
craftL BY I. Irving Pinkel, Solomon WeIee, G. Mer-

700- and 50Ct-Millibarbvela Over Ocerm Areaa in the ritt Preston and Gerard J. Preeman.
Northern Hemisphere. By Porter J. Perkins, lVUlinm 4022 Appraisal of tie HazardE of Friction-Spark Ignition of
Lewis, and Donald lL Mulholland. Aircraft Uraah Fires. By John A. (Yampbell.
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PART IL-COMMITTEE ORGANIZATION AND MEMBERSHIP

The National Advisoly Committee for Aeronautic
was established by Act of Congress approved March
3, 1!)15 (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
Burenu of Standards; and ‘one Department of De-
fense representative who is acquainted with the needs
of aeronautical rcssarch and development.” In addi-
tion wren members me appointed for five-year terms
from persons “acquainted with the needs of aeronauti-
cal science, either civil or military, or skilled in aero-
nautical enbtieering or its allied eciences.” me repre-
sentatives of the Government organizations serve for
indefinite periods, and all members serve as such with-
out compensation.

The following changes in membershp have taken
place during tIiepast year:

On January 14, 1957, President Eisenhower ap-
pointed Mr. Charles J. McCarthy, Chairnmh of the
Board of chance Vought Aircra~ Inc., a member of
the NACA to succeed Dr. Arthur E. Raymond, Vice
President, Engineering, Douglas Aircraft Company;
W11OSOterm of membemhip 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 bf Defense
representative authorized in the NACA enabling legg-
lation as revised.~ Dr. Furnas’ successor on the COrn-
mitte has not yet been appointed.

Honorable James T. Pyle, Adminktrator of Civil
Aeronautics, was appointed a member of the bmmiti
tm on March 1, 1957, as one of the representatives of
the Civil Aeronautics Authori@. He succeeded Hon-
orpble Joseph P. Adams, Vice Chairman of the Civil
Aeronautics Board, whose membership on the NACA
wns terminated December 81, 1956, with the expiration
of his service as a member of the Board.

On July 18, 1957, Renr Admiral Wellington T.
Hines, USN, Asistnnt 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
detnched ns Aesistant Chief for Field Activitiwj Bu-
reau of Aeronautics.

.

Following the promotion of General Nnthnn F.
Twining, U-SAX, ~o be Chairmnn of the Joint Chiefs
of Staff, the President on Auati 26, 1957, appointed
General Thomas D. White, US&F, a member of the
NACA vice General Twining. General White had just
succeeded General T-wining as Chief of Staff of the Air
Force.

In accordance with the regulations of the Com-
mittee as npproved by the President, the chairman and
vice chairman and the chairman and vice chairman of
the Executive Committee are elected nnnually.

At the nnnual meeting of the Committee on October
10, 1957, Dr. James H. Doolittle was reelected Clair-
man of the NACA and Chairman of the Executive
Committee. Dr. Ixmnard Cfimichnel was reelected
Vice Chairman of the NACA and Dr. Detlev W.
Bronk Vice Chairmnn of the Executive Committee.

The pr&ent members of the Committee nre as
follows :

Jamea H. Doolittle, Se. D., Vice Presiden~ Shell Oil Company,
chairman.

Leomrd Carmichael, Ph. D., Secretary, Smithsonian Institu-
tion, Vice Chairman.

Allen V. Astin, Ph. D., Director, National Bureau of
Standards.

Preston R. Brwae~ D. Sc.
Detlev W. Bro~ PIL D., Pr*den~ Rockefeller Institute for

Medtcal Research.
Frederick O. @rwfo~ Sc. D., Chairman of the Board, Thomp-

son Products, Inc.
William V. Davis, Jr., Vice Admiral, United States NaW,

Deputy Chief of Naval Operations (Air).
Wellington T. Hines Rear Admir@ United Statea Navy, As-

sistant Chief for Procnremen~ Bnreau. of AeroMutics.
Jerome 0. Hunsaker, Sc. D., Massachusetts Institute of Tech-

nology.
~rl~ J. kfC~thY, S. B.,(lhtimanof theBoard,ch~ee

Vought Aircraf~ Inc.
Donald L. Put$ Lieutenant @neral, United States Air Forc~

Depnty Chief of Stafl?,Development
James T. Pylq & B., Administrator of Civil AIXOMUtiCS.

Francis VT. Reichelderfer, SC.D- Chief, United States VVe@her
Bureau.

IIldward V. Rickenbacker, Sc. D., Chairman of fie Board, Elaat-
ern Air Lines, Inc.

Louis S. Rothschild, Ph. Bq Under Secretary of Commerce for
Transportation.

Thomas D. White, (lenera~ United States Air Force, Chief of
staff.

Asi3;stingthe Committee in il%coordination of aero-
nautical research and the formulation of its research
programs nre four main txchnical 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, to@ling M in all. Effective J~uary 1, 1957>
a new Subcommittee on Law-Speed Aerod~amics was
established under the Committee on Aerodynamics ih
place of the Subcommittee on Propellers for Aircr~
to study, in addition to the problem of propeller OP-
eration, problems in areas not covered in the previous
NACA subconimittee structur~ principally in relation
to the improvement of the lan~o and takeoff char-
acteristics of high-speed aircraft, and the low-speed
operation of vertical- and short-takeoff-and-lmd@
(VTOL and STOL) aircraft.

The Committee is advised on matters of policy af-
fecthqg the aircraft industry by an Industry Consul&
ing Committee.

The membership of the committees and their sub-
committeesi9 as follows:

~ coNEHTrEE ON AERODYN~C3

~. PrestonR Basse~ Chairamn.
Dr. Theodore P. TVrigh& Vice President for Resear@ Cornell

university, vice c-~
llaj. Gem Ralph P. %vofford, Jr., USAF, Director of Research

and Development U. S.-Air Force.
Col. Jhmes O. Oobb, USAF, Ohiefj Aircraft Labofitory, Wright

Air Development Center.
Rear Aim. L. D. Ooates, USN, Assistant Chief of the Bureau

of Aeronautic% for Research and llevelopmen~ Department
of the hTavy.

Mr. Abraham Hya& Bur&au of Aeronautic Department of the
h’rtvy.

CapL Robert L. Townsen & USN, Assistant Director, Research
‘ and D~velopment Divisiom Bureau of OrdnanS Deparbnent
of the Navy.

Maj. Gen. August Schomburg, US-& AssiMant Ohief of Ord-
nance for Research tind Development Department of. the
Amy.

COLGeorge P. Seneff, Jr. USA Oilice of the Chief of Research
and Development Department of the Army.

Mr. Harold D. HoeIfs@ Civil Aeronautics Administration
Dr. Hugh L. Dryden (ex otlido).
Mr. Floyd L. Thomp~& NAOA Langley Aeronautical Labom-

tory.
Mr. Rmsell G. Rdbinso~ NAOA Ames Aeronautical Labomtory.
Cap& Vi’. S. DiehL USN (Ret-).
Mr. IL L Douglas, Vice Presiden~ Engineering, Tertol Aircraft

Corp.
Rear Mm. IL S. Hatcher, USN (ReL), Aerojet-Oeneml Corp.
Mr. Olarence Ii Johnso~ Vice Presiden~ Research and Devel-

opmen~ Lodiheed Aircraft Oorp.
Dr. & Kartveli, Tire Presiden& Resexmch and Development

Republic Aviation Corp.
Mr. Schuyler Kldnhans, Assk&nt Ohief Engineer, Santa Mon-

ica Divisiorq Douglas Aircraft Oompany, Inc.
Mr. F. & Louden.
Dr. Clark B. MUUkan, Diredor, Daniel Guggenheim Aeronauti-

cal Lnbomtory, Onlifornia Institnte of Technology.
Dr. VWliam J. O’Donn~ Assistant Ohief Engineer, Develop-

ment and Experimental, Republic Aviation Corp.
Mr. Kendall Perkins, Vice President Engineering, McDonnell

Aircraft Corp.
Nr. George S. Schairer, Director of Resear@ Boeing Airplane

Oompany.

Mr. R. C. Sebol@ Vice P&dent.j Engineering, Convair, Divi-
sion of General Dynamics Oorp.

Mr. H. A. Storms, Jrw Ohief Engineer, Los Angeles Division,
iNorth American Aviatiow Inc.

Mr. Charles !i?ilgner, Jr., Chief Aeronautical Bfigineer (Stiff),
Grumman Aircraft EhginWring Oorp.

Mr. George S. Trirabl~ Jr., Vice Presidep&Chief IJngineer,
The Martin Company.

Mr. Milton B. Ames, Jr., Secretary

Subcommittee on Fluid Mechaniu

Prof. winiam R. s- OomeR Dniv@&, Oh-an.
LL COL B. W. Marsdmer, USAF, Air Force Missile Develop

ment Center.
Mr. E. Haynes, Air Force Oftice of Sdentific Research.
Dr. Frederick S. Shermw 0i3ice of Naval Research Depart-

ment of the Navy. “
Mr. John D. Nicolaides, Bureau of Ordnnnc~ Department of

the Navy.
Dr. Joseph Steinberg, Ballistic Researclt Laboratories, Aber-

deen Proving Ground.
Dr. G. B. Schubauer, Chief, Fluid Mechnnics Section, A’ntionnl

Bureau of Standards.
Dr. Adolf Busemann, NAOA Langley Aeronautical Labomtory.
Mr.. Clinton E. Brcnvq NAOA Langley Aeronautical Lnbomtory.
Dr. D. R Chap- NAOA Ames Aeronautical Lnbomtory.
Mr. Robert T. Jon% NACA Ames Aeronautical Laboratory.
Dr. J’ohn O. 13warC NAOA Lewis Flight Propulsion Labora-

tory.
Prof. Walker Bleakney, Princeton University.
Dr. J. V. Chary& Aeronntronic Systems, Inc-
Prof. Frmrcis H. Olauser, The Johns Hopkins Universi@.
Prof. Wallace D. Hay% Princeton University.
Prof. Lesker Lees, Oalifomia Institute of Technology.
Prof. Hans W. Liepmann, Oaliforrda Institute of Technology.
Prof. O. C. Lin, Massachuseti Institute of Technology.
Prof. 11 L. Rx&r, Jrm Oornell University.

Mr. Ehm% O. Pearso~ Jr., Secretary

%bcornrnittee on High-Speed Aerodynamic

Dr. Clark B. ~ Director, Daniel Guggenheim Aero-
nautical. Labomtory, California Institute of Technology,
Chairman.

Maj. Eugen~ TV. Geni~ Jr., USAF, Air Research nnd De-
velopment Command.

Mr. Joseph Flat& Wright Air Development Center.
Mr. Oscnr Seidmanj Bureau of Aeronautics, Department of tho

Navy.
Dr. H. H. Kurmveg, Amodate Technical Director 1~’orAero-

ballistic Researcl% Naval Ordnance Lhbomtory.
Mr. O. L, Poor 3d, Ohief, IOsterior Ballistics Ldmrntory, Bnlll#-

tic Research Laboratories, Aberdeen Proving Ground.
~. John Stack, NACA Langley Aeronautical Laboratory.
Mr. H. Julian A1.kq NACA Ames Aeronautical Laboratory.
Mr. Abe Sikrerstein, NACA Lewis Flight Propulsion Lnbom-

tory.
-Mr. Wulter O. ViYlliams, NAOA High-Speed Flight Stntlon.
.Ur. John. R. Oiark, &#stant Chief Engineer, Ohnnce Vought

Aimn-@ Inc.
Mr. Philip A. Colman, Lockheed Aircraft Oorpomtion.
Mr- Alexander H. l?la~, Vice President, Technical Opemtlous

Cornell AeroMd&xd Labomtory, Inc.
Mr. L. P. &een~ Ohief Aerodynamids~ North American Avin-

tio~ In&
Mr. Robert L. Gustafso~ Chief of Aero@mamicsj Grummnn

Aircraft I?ngineerhl.g Oorp.
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Mr. IL P. Jackson, Ohief Engineer, Northrop Divhdo~ North-
rop Aircraf~ Inc. ‘

Mr. O. J. Koch, Ohief of St.a& Advrmced De2dgn, The Martin
Ck3mpany.

Mr. J’ohn G. Leq Director of ResearclL United Aircraft Oorp.
Dr. Albert El. lkmbar~ Jrv Director of Researctq McDonnell

Aircraft Corp.
Mr. Harlowe J. Longfelder, Ohief, Prelimbary Desigq Scwttle

Dlvislo~ Boeing Airplane .C%mpany.
Prof. John R Marklmm, Professor of Aeronautical Engineer-

ing, Mamachusdts Institute of Technology.
Mr. Albert J. Evans, Secretary

Subcommittee on Aerodynamic Stability and Control

Capt. TV.S. Dlehl, USN (ReL), Ob@rmart.
31r. Melvin Shorr, Wright Afr Development Center.
Mr. Jerome Teplitz, Bureau of Aeronanti@ Department of the

Navy.
Mr. Joseph E. Lang, Bureau of Ordnance, Department of the”

Navy.
blr. J. G. McHugh, Transportation Research and Engineering

Command.
Mr. OharlesJ. Donlan, NAOALangley Aeronautical Laboratory.
Dr. J. N. NIeJsen,NAOA Ames Aeronautical Laboratory.
Mr. Hubert M. Drak~ NACA High-SpeedFIJghtStation.
Mr, M J. Abzng, Douglas Aircraft Company, Im&
Prof. Joseph BicknelJ Massachusetts Institute of Technology.
Mr. El.A Bonney, Applied Physics Laboratory, The Johns Hop-

kitta University.
Air. W. O. Breuhaus, Oornell Aeronautical Laboratory, Inc.
Mr. J. El. Goode, Jr., Convair, Division of @nerttl Dynamics

Corp.
Mr. George S. Graff, CkJef of Aerodynamics, McDonnell Atrcmft

Corp.
Mr. WllUam T. Hamilton, Ohief Aerodynamics Engineer, Boeipg

Airplane Company.
Mr. Maxwell W. Hunter, Assistant Chief Project Engin&r, M&

siles, Douglas Aircraft Company, Inc
Mr. R. B, Katkov, Northrop AirmY@ Inc.
Mr. Conrad A. Lau, Ohance Vought Aircraft, Inc.
Mr. Frank J. Mulhollnnd, Chief Development Engineer, Repub.

lic Arlation Corp.

Mr. Jack D. Brewer, Secretary

Subcommittee on Automntic Stabilization and Control

Mr. Warren D. Swanson, North American AvJatJon, Inc-, Ohair-
man.

Mr. George L. YinglJng, Wright Air Development Center,
Dr, Gerhard W. Braun, Air Force M&sile Development Center.
Mr. W1lJiarnKoren, Bureau of Aeronauti~ Department of the

Nnvy.
Mr. J. M. Lee, Burenu of Ordnance, Department of the Navy.
Mr. Karl L. Kocmanek, Signal Corps Dn.gineeringI%boratories
Mr. Charles W. Mathews, NAOA Langley Aeronautical Labora-

tory.
Mr. Harry J. Goet~ NAOA AmeEAeronautical Laboratory. -
Mr. A. S, Boksenbom, NACA Lewis Flight Propulsion Labora.

tory.
Mr. Joseph Well, NAOA High-S@ Flight Station.
Mr. B1.J.Abzug, Douglas Aircraft Company, Inc.
Mr. Frank A. Gaynor, Aeronautical and Ordnance Systems Divi.

slon, General Electric Company.
Dr. Wfllinm J. Jacobi, The Ramo-Wooldridge Corp.
Air. Louis A. Paynq Convair, Division of General Dynamics

Corp.
Mr. Thomas L. PhlRJps, Raytheon Manufacturing Company.
Mr. Donald J. Povejsfl, Air Arm DivJsIon, ‘iVestinghouse Elee-

tric Corp.

Dr. Allen E. Pncke@ Hughes Aircmft Company.
Mr. O. H. Sclmck, hIirmeapolia-HoneyweR Regnlator Comp$my.
Dr. Robert O. Seaman% Jr., RCA Aviation Systems Labomtory.

. Mr. Bernard Ma@n, Secretary

Subcommitteeon InternalI?Iow

Dr. William J. O’Donne~ Assistant Chief Emginmr, Derelop
ment and Experimen~ Republic Aviation COrph Ohairman.

Mr. FredericlL T. Ra~ Jr. Wright Air Development Oenter.
Mr. Robert RI.Roy, Wright Air Development Center.
Mr. R T. Miller, Bureau of Aeromnti~ Department of the

Navy.
Dr. Thomas W. W- OfflcS of Naval Resettr4 Depart-

ment of the Navy.
Mr. V. S. Kupellan, U. S. Naval Ordnance Experimental Unk
Mr. John V. Becker, NACA Langley Aeronautical Labomtory. ‘
Mr. Wallace F. Davb$ NAOA Ames Aeronautical Labomtory.
Mr. DeMarquis D. Wya~ NACA Lewis Flight Propulsion Lab

omtory.
Mr. Donald R BeRm~ NAOA HJgh-Speed FIJght StatJon.
Mr. J. S. Alfor& Aircraft Gas Tnrbine Department @nerrd

Electric Company.
Mr. Bernard F. Beckelm~ Boeing Airplane Company.
Mr. John A. Drakq Director of Long-Range Planning and Re-

search Programs Marquardt Aircraft timpany.
Mr. Harry Dr~ Lockheed Aircraft Corporation.
Dr. Antonio F- Polytechnic Institnte of Brooklyn.
Mr. Donald J. Jor~ Pratt & Whitney Aimr@ United Mr-

Cmft Oorp.
Mr. Darrel B. Park% I.WDonnell A&raft Corp.
Mr. IL A. Sulk@ Chief Thermod_cIs~ North American

AviatioIL Inc.
lfr. William M. Zarkowsky, Grumman Aircraft Engineering

Oorp.
Mr. Stafford W. Wilbur, Secretam

Subcommitteeon Low-speed Aerodynamics,

Mr. R Richard Heppq Department Hen@ Aerodynmnf~ Lock-
heed Aircraft Corp., Chairman.

Lt Oo1. George B. Elldridgq USAF, Air-Research and Develop-
ment Command.

Mr. Harvey L. Andersonj Wright Air Development Center.
Mr. Gerald L. Dwmond, Bureau of Aeronautics, Deparbnent

of the hravy.
Maj. Darrell L. Ritter, USMC, Office of A’avttl Resem~ De-

partment of the Navy.
LIaj. William H. Bmbson, Jr. USA Ollice of the Chief of R&

search and Developmen~ Department of the Army.
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Part LT.—FINANCIAL REPORT
Funds amncmriated for the Committee for the fiscal years 1957 and 1958 and obligations against the fisoal year 1%57appropri-

tiona are ae follo+:

I Fbcol Y(%U1%7

Auotment9

SALARIES AKm EXPENEEE APPROPRIATIOIf

NACA Hmdqutim ----------------------------------------------------- $1,643,360
Langley Aerons@ioal bbomtoW ------------------------------------------- u 171, 100
Ames Aeronautical Labomto~--------------------------------------------- 12, 687,200
Lewia3?light Proption ~bmtiw ---------------------------------------- 21,57+768
High+peed Fli tStitio~------------------------------------------------

l-a??
2,125,740

Pilotless Airo Stition -------------------------------------------------- Lo% :3
WAernCoordination Offl@-----------------------------------------------
Wrigh&Pattemon Liatin Offim -------------------------------------------- 16, 602
Rewaroh oontraots with educational itititioM ------------------------------ 727,500
F@earohcontraots with Govermnent agenoi@--— ---------------------------- l= 600

UnobH@ti b*nm=------------------------------------------------- --------------

Toil ------------------------------ ------------------------------

CON6TRUCTIOX ~ EQIJIPMExT APPROPRIATION

Langle Aemnautidhbomto~------------;------;---_---;---------------
iAnm amutidhbomti~---------------------------------------------

Lawis Fli htPmptionbbomti~ ----------------------------------------
Pilotks koraft Shtion --------------------------------------------------

Ibserve transfer@ timpnor yU------------------------------------
Unobti@td Mnce --------------------------------------------------

16~ 176,500

7,696,000
906,000

5,712000
------ -------

–314 000
-------------

ToW------------------------------------------------------------ 11%000,000

Obllgntlom

6~176,600

3,682,576
59%372

~ 107,118
------------ .

85:%2 :%

1%000,000

--

Fhml wnr lW

Al10tmmlt9

$1,840,000
27,050,000
1~036,000
24010,000
2,416,000
l,o:# 300:

18:000
410,000

90,000
---- ------ - --

~71,000,000

6,679,000
11,365,000
16,406,000
1,6(30,000

---------.--.
-----------.-

136,000,000
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