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The Langley Memorial Aeronautical Laboratory of the NACA is located in two sections on the USAF’s Langley Field, near
Newport News, Va. The West section of the laboratory, above, is where most of the facilities built since 1940 are located.

et

In the East section of Langley Field, Va., the NACA’s original laboratory facilities are grouped in with USAF buildings be-+
longing to the Field. Administrativedirection of thelaboratory is centered here, with many important research facilities. Lr‘
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- The Ames Aeronautical Laboratory of the NACA is located on the Navy’s Moffett Field, near San Francisco, Calif. The lab-
oratory is chiefly devoted to high speed aerodynamics,and has the largest and some of the fastest wind tunnels in the world.
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ORGANIZAT

“OF THE NA

-

o The National Advisory Com-
mittee for Aeronautics was estab-
_lished by the Congress in 1915 as
" the government’s aeronautical re-
~search agency. The enabling act
specifically charges the NACA with

+ +‘“study of the problems of flight with
a view to their practical solution.”’

-~ "To this end the Committee operates
its own research laboratories, co-

- "ordinates the fundamental research
_ pbrograms of other agencies and en-
courages and supports research in

.. «Scientific and educational institu-
tions. Such a scope of activity is

< made possible by the structure of

| the NACA.
e

B

The main Committee of the
NACA consists of 15 members ap-
pointed by the President. They in-
clude two representatives each of
the offices in charge of military and
naval aviation, two representatives
of the Civil Aeronautics Authority,
one representative each of the
Smithsonian Institution, the U. S.
Weather Bureau, the National Bu-
reau of Standards, together with six
additional persons who are ‘‘ac-
quainted with the needs of aeronau-
tical science, either civil or mili-
tary, or skilled in aeronautical en-
gineering or its allied sciences.”’
These latter six serve for terms of
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UN AND FUNCTIONS

five years. The representatives of
government agencies serve while in
office. All members serve as such
without compensation.

The main Committee is supple-
mented by a system of technical
committees and subcommittees to
prepare and recommend to the main
Committee the programs of re-
search to be conducted in their re-
spective special fields. In addition,
these subcommittees assist in co-
ordinating research programs and
act as mediums of exchange of ideas
and information among all groups
concerned with aviation.



The strength of the subcommit-
tee system lies in the fact that its
members are selected from every
branch of aviation and allied inter-
ests. Outstanding technical men
from a variety of aviation manufac-
turing companies; from educational
and scientific institutions; from the
military establishments, the com-
mercial operators, and other gov-
ernmental aeronautical agencies,
are recruited for subcommittee
service.

Administration of Committee
research activities is carried out
by a Director of Research, who with
his immediate staff in Washington
controls the operations of the
NACA’s three principal research
laboratories and awards research
contracts outside the Committee’s
own facilities.

Original and largest laboratory
is the Langley Memorial Aeronauti-
cal Laboratory at Langley Field,
near Hampton, Virginia. Research
conducted here involves virtually
every phase of aerodynamics, hy-

drodynamics, aircraft structures,
and aircraft loads. A flight station
for pilotless aircraft at Wallops Is-
land on the Virginia Coast is oper-
ated in conjunction with the Langley
Laboratory.

The Ames Aeronautical Lab-
oratoryon the Navy’s Moffett Field,
south of San Francisco, California,
is concerned primarily with high-
speed aerodynamics and has the
largest and some of the fastest wind
tunnels in the world.

The Flight Propulsion Research
Laboratory is located at Cleveland
Airport, Ohio. The work here cov-
ers all problems of aircraft propul-
sion, including the special super-
sonic aerodynamic problems con-
nected with high-speed propulsion.

The NACA is constantly ex-
panding its efforts to let research
contracts with universities and other
organizations having suitable equip-
ment. By so doing, effective use of
other research facilities is made,
duplication of equipment is avoided,

and better utilization of scientific
manpower is achieved.
A

Moreover, by training men in
outside groups in the special think-¢
ing and technique of advanced re-
search work the depleted reserver .
of trained personnel is being re-
plenished. This is one of the prime™
objectives of contract research, for
the war did serious damage to ad-
vanced training programs. In exe-,
cuting research contracts, univer-
sitiesintroduce graduate and under =
graduate students to the challenging
and exacting requirements of ad-+
vanced research, giving them oppor -
tunity to develop their capabilities!~
in that direction.
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The product of research in all,
these laboratoriesis an NACA tech-
nical report containing detailed and
accurate information on the laws and
principles governing design, or th
use of aircraft, or the behavior of
gases and materials under a variety¥
of conditions. They are distributed(;
as a government service to design-" ™
ers, manufacturers and operators of

The Flight Propulsion Research Laboratory of the NACA is situated at the edge of Cleveland Airport, Ohio. Research here~
is devoted to the problems of all kinds of propulsion systems, and also operating problems such as aircraft and engine icing.
I



" The NACA Pllotless Aircraft Research station is located on the Virginia seacoast, It was established to study problems
g of aerodynamics and control at very high speeds in free flight, and is operated in conjunction with the Langley Laboratory.

" aircraft, and to technical and scien-
o rtific libraries throughout the coun-
try.
In choosing an airfoil, for ex-
k vample, a designer can consult the
compiled characteristics of airfoils
< and select the type best suited to his
purpose. From the accumulated re-
- 7search reports on stability and con-
. trol, he can design stability and good
handling qualities into an airplane.
.The same is true of power plants,
" structures, propellers, and all air-
. craft components. Information pro-
‘ vided extends to problems of opera-
' - -tion, such as icing in flight, loads
f; sustained in flight, and landing, and
- “even to emergency ditching of land-
‘ {planes at sea.
3 The NACA is an important in-
tegral part of the air-power struc-
— sture of the United States. Closely
allied with the manufacturing, civil
<operations, and military function,
its contribution of fundamental re-
~t

search is practically unique. Such
research is essentially a function of
the Government, because of its rel-
atively low cost when the results
are available to all for application
to design and operation of aircraft,
Moreover, fundamental scientific
research is dependent on an atmos-
phere of freedom from immediate
specific goals and time tables, free~
dom to discuss and exchange ideas,
and freedom from controls and re-
strictions. The laws of physics are
discovered more readily by area
exploration rather than by pursuit
of specific objectives leading to im-
mediate profit. The discovery of
new knowledge, which is the prime
objective of NACA research, flour-
ishes only in an atmosphere of
greatest freedom and signals each
important advance in the aeronauti-
cal art.

As aeronautical science ad-
vances tonew fields of higher speeds
and higher altitudes, its problems

become more and more interwoven
with the other sciences, until pro-
pulsion involves nuclear physics and
aerodynamics is concerned with the
laws of thermodynamics. In this
expanding and deeply probing field,
opportunity is afforded for wide
ranging studies that have become a
challenge accepted by some of the
best minds in the country.

The laboratories of the NACA
provide the scientists who have cho-
sen to work there with the finest e-
quipment in the world for the solu-
tion of their problems. In many
fields of study, individual equipment
is planned and devised by the engi-
neers themselves, and ample latitude
is afforded for creative ingenuity.
Even the larger items of equipment,
such as the wind tunnels, have been
evolved in this way through NACA
experience with research needs.
The laboratories are maintained to
provide dependable knowledge un-
available from other sources.



Basic research in a broad dy-
namic field such as aeronautics is
an ever-expanding activity. The
function of the NACA is to probe
areas of the unknown for new knowl-
edge of the phenomena of flight. Up-
on establishment of each new bridge-
head, the organization must exploit
and develop knowledge to the point
of practical application by the in-
dustry, the military, and civil oper-
ating groups. Frequently, the de-
velopment of new knowledge result-
ing in new aviation performance ex-
poses a new unknown area which
must be explored.

PRUBLEMS AND TOOLS
i RESERLLEH

Many research problems have
been withus for a long time and re-
quire unrelenting effort for contin-
ued progress. Solution of some lead
to new ones such as the difficulties
involved intransonic and supersonic
flight, which are as strange and
meaningful as those attendant upon
the first flight of man.

NACA research facilities have
grown apace with the new and ex-
panding areasof research. Because
of the time differential betweenbas-
ic research and ultimate successful
development,

the newer research

-

equipment reflects the shape of
things to come. And yet, the older *~
equipment rarely becomes obsolete ,
because so long as aircraft must
start from rest and return safely to ( _
rest; so long as the need exists for
better small personal aircraft, for §
large transport aircraft and for su-
personic machines, research equip-&
ment spanning the entire range of
performance and size is required to”
operate at full capacity. P

In the following pages arebrief-
ly described the areas of research
engaged in by the NACA, and the »




equipment of exploration. Impres-
"“sive as the array of physical re-
... search equipment may be, the pri-
mary tool of any research organi-
¢ zation is brain power. From the
creative thinking of the curious mind
_ sevolves the incisive recognition of
the research problem and the de-
* sign of exploratory equipment. The
NACA has succeeded in attracting
““to its employ many of the finest
Scientific and mechanical minds in
the world. By virtue of the various
committees there has been mar-
“ shaled the outstanding talent of aero-
~nautical America. The f{following
pages describe the problemsagainst
~>which this talent is deployed and the
tools for the task.

X For convenience of description,
* the areas of NACA research are
I'roughly divided as follows:

> Aerodynamics
Hydrodynamics
» Propulsion
Aircraft Loads
»  Airframe Construction and
Materials
Operating Problems
5 Physical Research
Flight and Pilotless Aircraft
-V

Aerodynamics

The rapidly increasing speed of

- ‘military aircraft and the prospec-
tive use of high-speed flying mis-
siles have placed great emphasison

An axial-flow turbo-jet engine is prepared for investigation under accurately sim
ulated operating conditions in the Altitude Wind Tunnel of the NACA at Cleveland

solution of the problems of high-
speed flight. Wartime development
resulted in military aircraft capable
of level flight at speeds exceeding
550 mph. At such speeds, certain
aerodynamic phenomena associated
with compression shock and the at-
tendant airflow separation appeared
to impose serious limitations to any
further performance improvement.
New aerodynamic techniques for de-
laying the flight speed at which shock
occurs, and for minimizing the ad-
verse effects of shock when it does

‘A dynamically scaled airplane model being launched at the NACA’s Pilotless Air-
> gcraft Research Station. Information is obtained through telemetering and tracking.

occur, together with new and more
powerful types of propulsion sys-
tems now available, will permit sub-
stantial increases of speed. The
high-speed airplanes of the near fu-
ture will fly faster than the speed of
sound.

Extensive investigations of
wings and other airplane compo-
nents are being conducted in wind
tunnels and in flight to perfect known
methods, such as planform varia-
tions and boundary-layer control,
for alleviating shock losses. Bet-
ter understanding of the mechanics
of shock waves must be obtained
through fundamental and theoretical
studies. Inasmuch as flight at very
high speed appears to demand radi-
cally different configurations from
those used for slow speed flight,
means of satisfactorily flying such
configurations at the low speeds re-
quired for landing and take-off are
being studied.

In the lower speed region of
flight in which commercial trans-
port and cargo airplanes now oper -
ate, further increases in speed and
range and further reduction in oper-
ating costs may be expected through
aerodynamic refinement. System-
atic investigation of the complete
range of airfoils permitting exten-
sive laminar flow is being conducted
in low-turbulence wind tunnels and
in flight to correlate and evaluate
the various airfoil characteristics.



Keystone of research is men and their ideas. Through cooperative effort and ex-
change of ideas, they determine how to get the information desired on any problem.

The possibilities of large gains from
the use of boundary-layer control for
reducing drag and increasing maxi-
mum lift have been merely touched
upon, and must be completely in-
vestigated theoretically and experi-
mentally, in wind tunnels and in
flight. Further fundamental theo-
retical and experimental studies of
boundary layer are in process be-
cause the mechanics of transition
from laminar to turbulent flow are
not known, and the mechanics of
separation of turbulent flowsare not
understood.

Propulsion

There hasbeena greater change
in the character of propulsion re-
search in recent years than in any
branch of aeronautics. Successful
new types of power plants have o-
pened the way to new combinations
of ideas. These new possibilities,
while greatly advancing our abilities,
bring with them new and difficult
problems.

Combustion in the continuous,
open cycle of jet engines presents
new phenomena to be investigated.
The combustion process is compli-
cated by the presence of high-speed
airstreams capable of hindering
combustion and reducing efficiency

unless means are found to speed up
the burning process. Corollary to
combustion research is the study of
new fuels to meet the new require-
ments. High speeds demand fuels of
greater energy content. With both
jet engines and rockets, range is
limited because of high fuel con-
sumption in relation to thrust re-
ceived. Thermodynamic study is
necessary to provide the values re-
quired to evaluate the heat processes
in new propulsion systems and for
calculation of performance.

The greatly-increased demands
on compressors to furnish air at
higher pressures and larger vol-

umes entails energetic research to °

achieve best performance in the
most compact units. Turbines to

PavTs

drive large compressors and pro-.

pellers involve stringent require-
ments of blade efficiency, strength
and resistance to high temperature.
Search for new materials with in-
creased resistance to high temper-

L
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atures and stresses isdemanded for *
nearly every component of new pro- _

pulsion systems.

The presence of large com-
pressors and turbines revolving at
high speeds emphasizes the need for
better understanding of friction, and
for knowledge that will lead to more
efficient bearing surfaces and ma-
terials.

The value and importance of
theoretical research in aeronautics

»
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cannot be over-emphasized. Healthy

growth of any science depends on

experiment and theory keeping pace @

with each other. The science of
aeronautics is becoming increas-
ingly complex and theory must be
encouraged to keep pace with and
to guide experiment.
of theoretical physics may be in-
volved to some degree in any pro-
gram of theoretical research in
aeronautics.

every fundamental experimental

Every branch

E 4

project is associated with a theo- *

retical project. In view of the con-
siderable extension of experimental ‘
facilities, an expansion of theoret- ,
ical work is in prospect.

S oo

NACA scientists devised an efficient, five-blade geared propeller and an engine *
muffler for this L-5to demonstrate the possibilities of effective noise reduction.

™~
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As a general rule, r__



i AERODYNAMICS

* 4 >

- SUBSONIC AERODYNAMICS

-*

Subsonic aerodynamics is basic
and is an essential field of research
= for man-carrying aircraft through-

out the entire speed range. Such
+study includes investigation of all
kinds of airfoils and aerodynamic
.. >shapes. In a systematic program,
the work involves development of
c.heory, progresses to experimental
,veriﬁcation and development in spe-
cialized wind tunnelsand is then ex-
Jghended to larger scale in full-scale
and pressure tunnels. Also included
own this work is study pertaining to
drag, boundary-layer control and
interference of airplane components
in combination.

>

In presenting aerodynamic re-
search methods, it should be stated
that flight research is one of the
most important. This applies to
every branch of the subject, but es-
pecially to high-speed study of com-
plete aircraft combinations. For
this reason, flight research and its
special branches are treated in a
separate section entitled ‘‘Flight
and Pilotless Aircraft’” (p. 34),
rather than repeated everywhere it
applies.

The NACA has pioneered the
designand use of full-scale tunnels.
The 30- by 60-Foot Tunnel was the

largest ever planned when it was
completed in 1931. It has been ex-
ceeded in size only by the 40- by
80-Foot Tunnel at the Ames Lab-
oratory. The two tunnels are used
for large-scale drag investigations,
boundary-layer control studies, and
are particularly valuable for inves-
tigating stability and control, in the
landing speed range, of large-scale
wings and shapes designed for high-
speed and supersonic flight. In
these tunnels full-sized airplanes
can be studied with engines operat-
ing, whether powered by reciprocat-
ing engine and propeller or gas tur-
bine installations.

The 40- by 80-Foot Tunnel at Ames is the largest wind tunnel in the world. It provides speeds up to 250 mphand is powered
by six 6,000 hp motors. It will accommodate aircraft and models of 70 foot span, for research at large scale and low speed.

ot



The 40- by 80-Foot Tunnel is
the largest in the world and has been
used to study airplanes and wing
panels up to 70 feet in span. The
entire structure covers an area of
eight acres. The largest part of the
air passage, ahead of the test sec-
tion, measures 132 feet high by 172
feet wide. In completing a circuit of
the tunnel, the air -- 24,000,000 cu-
bic feet, weighing about 900 tons --
travels nearly half a mile. All the
tunnel controls, as well as those for
the airplane engines, are installed
in the balance house directly under
the test section.

Two-Dimensional Low-Turbulence
Pressure Tunnel

The NACA has developed many
specialized wind tunnels for partic-
ular purposes. Some of these are
pressure tunnels, in which the ef-
fective scale of models can be in-

Second largest wind tunnel is this 30- by 60-Foot Tunnel at the Langley Laboratox"
It permits study of large-scale wing forms and aircraft at speeds up to 120 mph.

<@

Full-Scale Tunnels

-

The 40- by 80-Foot Tunnel - Ames

Test Section

40 x 80 ft., oval, closed

The 30- by 60-Foot Tunnel - Langley

-
30 x 60 ft., oval, open

Test Section

Speed - - - - = - = - - - - - - - - - - 250 mph Speed - = = = = = = = = = = = = - -~ - - 120 mph

Power - - - - = = = = = = = = = - - - 36,000 hp Power = = = = = = = = = = = = = - - - - 8,000 hg

Pressure- - = = = = = = = = = - - - Atmospheric Pressure - - = - = = = = = = = - - Atmospheri@ -
L

The 19-Foot Pressure Tunnel at Langley provides speeds up to 260 mph and pres-
sures up to 2-1/3 atmospheres. It is used for study of airfoils and complete models.

10

creased by the amount that the air
density is increased above normal
pressure. Others are two-dimen-
sional tunnels of very low turbug
lence, close to that of free air, and
a combination of the two in a presg
surized, two-dimensional, low-tur-
bulence tunnel. »

L ¢
-

The two-dimensional low-tur-*
bulence tunnels of the NACA a; ‘
Langley Field are of particular im= ¢
portance, since they made possibl
the experimental and practical de-
velopment of the NACA series o§
laminar flow, low-drag airfoils.
Practical application of such airfoils
to aircraft was the result of contin-
ued work in these tunnels to evalu¥
ate conditions such as surface rough-
ness and deformation that would be® -
present in any manufactured wing,

The unpressurized low-turbu-
lence tunnel was completed in 1938,
and the Low-Turbulence Pressure-
Tunnel in 1941. They are used pri-

5o ¥



marily for airfoil researchand study
»-of high lift devices and control sur-

faces under finely-controlled condi-
“*tions.

b The 19-Foot Pressure Tunnel
~ qand the 12-Foot Low-Turbulence
Pressure Tunnel are used to extend
s4research on airfoils to the study of
complete wings at high Reynolds
~» numbers. Theyare well adapted for
study and improvement of complete
 “wing characteristics, the develop-
Jnent of high lift and lateral control
~ * devices, and evaluation of improve-
»ment of stability, control, and per-
formance characteristics of air-

~ planes in the design stage.

d A unique feature of the 12-Foot
‘Tunnel at Ames is that by partially
< evacuating the tunnel, investiga-

dions can be taken up to high sub-
~sonic Mach numbers.

b

» T- by 10-Foot Tunnels

The size and speed of these tun-
nels makes them well suited to a
wide variety of general aerodynamic
"and control studies. The correc-
‘tions for data from these tunnels
have been so well established that
£xcellent agreement is obtained be-
tween tunnel and flight results. Ac-
_xurate predictions of handling qual-
ities of a design can be made. In
addition, they are well suited for
fundamental research on such prob-
* lems as high-lift devices, control
surface hinge moments, and the
boundary layer.

Model of XS-1 ready for control inves-
3gation in Langley 7- by 10-Foot Tunnel.
3

12-Foot Low-Turbulence Pressure Tunnel - Ames

N Test Section

“ Speed

Power
Pressure

12 ft., circular, closed
up to 750 mph

11,000 hp

1/6 to 6 atmospheres

The 19-Foot Pressure Tunnel - Langley

Test Section = = = = = = = = = = = = = = = = = 19 ft., circular, closed
Speed = ~ = = = = = = = & = = & @ & - - - - - .- - - 50 to 260 mph
POWEI = = = = = = = = = = = = = = = = = = = = = = = = = 8,000 hp
Pressure = = = = = = = = = = = = = = = = = = 1to 2 1/3 atmospheres

Two-Dimensional Low-Turbulence Pressure Tunnel

3 x 1T 1/2ft., rectangular, closed

Test Section

Speed - = - = = = « = - - = - - - - - -2 - - - -~ - 0 to 350 mph
Power - = = = - = = = = = - = - = - - & - 5 - - - - - - 2,000 hp
Pressure - - = = = = = = = - = = = - - = - - - 1 to 10 atmospheres

Two-Dimensional Low-Turbulence Tunnel

3x T 1/2ft., rectangular, closed

------------------- 0 to 159 mph
------------------------- 195 hp
7- by 10-Foot Tunnels
Langley No. 1 and Ames Nos. 1 and 2
.............. 7 x i0 ft., rectangular, closed
-------------------------- 300 mph
-------------------------- 1,600 hp

Langley No. 2

---------- Nominal 7 x 10 ft., rectangular, closed
500 to 700 mph
10,000 hp



TRANSONIC AERODYNAMICS

Some of the NACA’s outstanding
work has been in attacking the spec-
ial problems of aerodynamics near
the speedof sound. Transonic prob-
lems arose many years ago in con-
nection with the high tip speeds of
propellers. Later, aircraft speeds
entered the transonic speed region,
and the NACA concentrated on the
attendant problems. Now, with su-
personic flight in the offing, explor-
ation of the transonic aerodynamics
field ranks high among the NACA’s
research projects.

Unique research methods have
been developed by the NACA in the

. a8
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transonic field. The wing-flow in-
vestigations and use of rocket pow -
ered and freely-falling bodies with
telemetering are outstanding exam-
ples, and are described more fully
under the Flight and Pilotless Air-
craft sections of this book.

Wind tunnels of unparalleled
accuracy and efficiency have been
designed by the NACA for its high-
speed research. At this time, it is
possible to span the transonic speed
region by the wind-tunnel method,
and the data have proved to be re-
liable. Followingare the NACA tun-
nels used in high-speed research.

Typicalof the larger high-speed tunnels is this 16-Foot Tunnel at the Ames Labor-
atory. It is powered by a 27,000 hp motor and provides speeds up to 880 mph.

12
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A wide variety of research isy
conducted in these tunnels on the
high-speed characteristics of air-4
foils, propellers, air inlets, internal
flow arrangements for jet-propul-¥
sion systems and other airplane
components. -

Plansare under way to increase
the power of the Langley i6-Foot,
Tunnel from 16,000 to 40,000 horse-
power and provide for speeds great- »
er than the speed of sound. "

In the smaller tunnels investi-
gations are conducted on the funda-' - =
mental nature of compressible flows.

The 8-Foot Tunnel at Langley »
was the first large tunnel to enter
the transonic range. It has provid-—
ed reliable data up to nearly the
speed of sound and is responsible! -
for much of the design information
used in the transonic research air-"
planes now flying. "

Transonic aerodynamics is aw
complex field and the need for the-
ory is great. Most of our knowledger
at present is purely the result of
experiment. We do not yet know all”
that happens nor why. There is
challenging opportunity in this field
for developing the mathematics and,
theory necessaryto explain the phe-
nomena encountered and to guideq _
future experiment.

IS

A new piece of equipment used
in this field is a Bell electric com-~ ~
puter to provide fast, accurate an-
swers in the numerical solution of "
complex problems. o



High-Speed Tunnels

8-Foot High-Speed Tunnel - Langley

Test Section = =~ =« = = = = « = = = = = - - 8 ft., circular, closed
---------------- 750 mph (to M 0.97 and 1.0)
------------------------ 16,000 hp

Pressure - - - = = = = = = - - = = = = = = = = - Atmospheric

12-Foot Low-Turbulence Pressure Tunnel - Ames

(Described in Subsonic Aerodynamics section, p. 11)

One of the most valuable transonic tun-
~ nels is the 8-Foot Tunnel at Langley.

16-Foot High Speed Tunnels

Langley
Test Section - = = = = = =« = = = = = = = = 16 ft., circular, closed
3 Speed - - = = = = = = - & = 2 - - - oo - 525 mph (M 0.7)
POWEr - = = = = = = = =« = = = - = = = = =« - - - - - 16,000 hp
» Pressure - - = = = = = = = = = = = = = = = - - = Atmospheric
ad Ames
Test Section - - = = = = = = = = =@ = = = - 16 ft., circular, closed
y Speed - - = = =~ = - - - = - - s - e - - - 680 mph (M 0.9)
POWEr = = = = = = = = = =~ = = = = = = = = = = = = = = 27,000 hp
v Pressure = = = = = = = = = = = = ¢ = = = = = = = Atmospheric
L 4
_»
1- by 3 1/2-Foot Tunnel - Ames
" Test Section - - - = = = = = = = 1 x 3 1/2 ft., rectangular, closed
,Speed = = = = = = = = = = = = = = - = - - 730 mph and up (M 1.2)
POWEr = = = = = = = = = = = = = = = = = = = =« = = = = 2,000 hp
_ yPressure - - - - - - - - - - - - === - === Atmospheric
4 Rectangular High-Speed Tunnel - Langley
Bliestibection ' ~ - - - ~= o= imimiEioEER s o 4 x 18 in, Variable
B - - - - - - === ik 155 to 915 mph (M 0.2 to 1.4)
/POWEr =~ = = = = = = =@ = = = = = = = = = = = = = Induction air jet
Pressureg = = = = = = = = = = = = = = = = = = = = Atmospheric
24-Inch High-Speed Tunnel - Langley
s TestSeetion =~ == == o miciinle o oo e e 24 in., Variable
Speed - - = = = = = = = = = = 155 to 695 mph and up (M 0.2 to 1.4) 3
~Power - - - = - - - - - - - - - m e ma oo Induction air jet The 24-Inch Tunnel at Langley provides
Precsuie . - = sl=lsiagmesiiniols e == =0 s = = = Atmospheric high subsonic and supersonic speeds.



Analyses based on information
now available indicate that man-
carrying supersonic flight is possi-
ble with propulsion units of the gas
turbine and ram-jet types at their
present stage of development. This
possibility has opened up a great

new field of aerodynamics. Rather
than simplifying or eliminating old
problems, it has added a host of
new ones. To the old problems of
low -speed stability and control there
are added the transonic and super-
sonic problems, entailing whole new
areas of research on airfoils, wing
and.body forms and propulsion.

Although present theories of
supersonic flows are fairly well es-
tablished, a great deal of experi-
ment remains to be done to confirm
the theory. Added knowledge is nec-
essary on conditions of large dis-
turbances, where present theory
does not apply. Extension and con-
firmation of the theory is needed
for the design of any type of super-
sonic aircraft,

Other problems not susceptible
to theoretical treatment are bound-
ary layers and their interaction
with shock wave formation in super-
sonic flows; effects of scale or Rey-
nolds number; flow of rarefied gases
in relation to aerodynamics at ex-
tremely high altitudes, dealing with
particle mechanics as contrasted
with more normal fluid flows.

The problem of aerodynamic
heating, in relation to the pilot and
the airplane structure is important,
but this can be treated theoretically
to some extent.

:

SUPERSONIC AERODYNAMICS *

To aid in the quest for knowl-
edge about supersonic flight, the
NACA has designed and built a num-
ber of supersonic wind tunnels --
about 14 -- ranging in size from a
few inches to the 6- by 8-foot giant
at the Cleveland Laboratory. In
conjunction with the rocket, free-
falling body and wing-flow tech-
niques for spanning the transonic
zone, NACA facilities now cover the
entire speed range from low sub-
sonic speeds up to 4.5 times the
speed of sound.

g @

In view of the importance of "
scale effects at supersonic speeds,
supersonic tunnels even larger than
the 6- by 8-Foot will be needed to §
accommodate sufficiently large
models without tunnel choking andé
shock wave reflection. More com-

plete knowledge of the basic nature®
of supersonic flows is required for
adequate detail design of a very
large supersonic wind tunnel. More
basic research will be needed for
the continued improvement of su-
personic wind tunnel design.

v

v

- ?‘W,.—G e »~ 5 ]

This battery of manometers registers the pressures over airfoil and model sur- =
faces in one of the supersonic tunnels at the Flight Propulsion Research Laooratory. &
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A supersonic wing model ready for study in the Langley 9-Inch Supersonic Tunnel

'with other wing and body forms below. The tunnel provides Mach numbers up to 2.4.

Continuous Supersonic Tunnels

< 6- by 8-Foot - Cleveland
*Test Section - - - 6 x 8 ft., closed
Z Speed - - - = = = = - - - M1.8

6- by 6-Foot - Ames

» Test Section - - - 6 x 6 ft., closed
Speed - - - - = - = - - - M 1.6
-’ 4- by 4-Foot - Langley
‘Test Section - - - 4 x 4 ft., closed
3 Speed - - - = = = = - ~ - M 2.2
2 2- by 2-Foot - Cleveland
_ wTest Section - - - 2x 2 ft., closed
Speed - - - = = = - - - = M 4.5
i
1- by 3-Foot No. 1 - Ames
*Test Section - - - 1 x 3 ft., closed
Speed - - = - = = - = - - M 2.2
~~“Power - - - - - = = = 10,000 hp
4 Pressure - - - - - - - Variable
20-Inch - Cleveland
- Test Section - - - 20 in., circular
Speed - - - - = = = - - -
¥

18- by 18-Inch - Cleveland

1-by 3 1/2-Foot High-Speed - Ames

(Described in Transonic sec-
tion, p. 13).
Speed - M 1.2

8- by 8-Inch - Ames

Test Section - - - 8 x 8 in., closed
Speed M 2.3

9-Inch - Langley

Test Section - - 9x 7 1/2, closed
Speed - - - - - - - M 1.2 and 2.5
Power - - = - = - - - 1,000 hp

Intermittent Supersonic Tunnels

1- by 3-Foot No. 2 - Ames

Test Section - - - 1 x 3 {t., closed
Speed - - = - - -« - - - - M 3.4
Pressure - - - - - - =~ Variable

24-Inch High-Speed - Langley

(Described in Transonic sec-
tion, p. 13)

Rectangular High-Speed - Langley

Test Section - - 18 x 18 in., closed
Speed M 2.2

(Described in Transonic sec-
tion, p. 13).

The 1- by 3-Foot Supersonic Tunnels at Ames Laporatory provide Mach numoers
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M 2.0 up to3.4. Schlieren photos of the flow field are made through the glass side plates.



In the field of airplane stability
and control, the rapid increase in
airplane size, speed and power has
necessitated anincreasingly delicate
adjustment of all the factors affect-
ing the flying qualities of aircraft in
order that the work of controlling
the airplane does not exceed the
pilot’s capabilities. Control forces,
for example, increase approximate-

~a

y

STABILITY AND CONTROL "

ly as the square of the speed and as
the cube of the size. For geometri-
cally similar airplanes, doubling
both the size and speed would in-
crease the control forces by a fac-
tor of about 32. A greater propor-
tion of the forces must consequently
be balanced either aerodynamically
or by means of auxiliary power sys-
tems. With very large or very fast
aircraft, such a large proportion of
the forces must be balanced that
relatively small changes in the air
forces, resulting from little-under-
stood effects of Mach number, Rey-

T- by 10-Foot Tunnels

(Described in Subsonic Aerodynamics section, p. 11)

Full~-Scale Tunnels

(Described in Subsonic Aerodynamics section, p. 10)

20-Foot Spin Tunnel - Langley

Test Section
Speed

Power
Purpose

12-sided polygon, 20 ft. across
0 to 60 mph, vertical
400 hp

- - Spin studies on dynamic models

Free-Flight Tunnel - Langley

Test Section
Speed
Power
Purpose

- - 12-sided polygon, 12 ft., across
___________ 0 to 60 mph

280 hp

Studies on remotely-controlled dynamic models

in free flight

Stability Tunnel - Langley

Test Section - - -

Approximately 6 ft. square, circular and rec-

tangular. Sides adjustable for curving flow;
vanes in circular section for rotating flow

0 to 220 to 360 mph, according to section size

600 hp

Study of stability and control of two- and three-

dimensional models in curved and rotating
flow simulating maneuvers

16
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nolds number, and surface covering .
deflection and roughness may change
the net force the pilot must handle «
by several hundred per cent. Asa
result, independent and systematic *
fundamental investigations are being
conducted, utilizing the most suit-4
able wind tunnels and covering nec-‘
essary ranges of Machnumber,Rey-
nolds number, and airfoil, control,
and balance shape. These data are
being coordinated and verified bye
flight tests.

e

A large part of the laboratory b

investigations of stability and control
is conducted in facilities also used
in general aerodynamics. In addi-"
tionthere are several facilities par- .
ticularly designed for this work.

r

Special new branches of sta-
bility and control study are included¥
in transonic and supersonic aero-
dynamics. In addition to these, con-"
ducted in the high-speed and super- _
sonic tunnels, there is the new field
of automatic stability and control,.
investigated by means of rocket test
vehicles. This work is describedy¢ .

under Pilotless Aircraft, p. 34.

The Langley Free-Flight Tunnel per-«
mits safe study of new designs in flight.
A
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At speeds up to at least 500
ph, the screw propeller is the
ost efficient known propulsive

device for aircraft. High efficien-
cies can be maintained for all the
pmportant airplane operating con-
ditions, including take-off, climb,

> cruising, and high-speed flight. In
~ the laboratory, propellers have been

~

designed, built, and operated that
have yielded efficiencies scarcely
“less than the theoretical maximum
attainable. Subsonic propeller the-
ory is regarded as adequate and
means exist for applying the theory
in practice. The only barriers to

_ realization ‘of the high theoretical

propeller efficiencies in commer-
‘cial applications are the difficult
mechanical problems involved in

" obtaining a completely clean junc-

fure between a wide airfoil propel-
ler shank and the spinner. This
problem lies in the realm of com-
mercial development rather than in
ithe field of research. A number of
special propeller research projects

~“related to vibration, icing, trailing

edge extensions, tip shape, and so
‘Torth, remain to be worked on, and
other similar problems will arise.
The most important basic propeller
gesearch at present is that which
will extend the efficient operating

- range of propellers into the super-

critical high-speed region. Propel-
*ler research in this direction is
proceeding along three lines; one is

~ an attempt to increase the critical

4tip Mach number by sweeping back
the propeller blade;the second is to

_apply the principle of low aspect

ratio; the third is research on pro-
=pellers for completely supersonic
operation.

L PROPELLERS

Propeller research properly
begins with airfoil research in fa-
cilities already described, such as
the two-dimensional and small high-
speed tunnels. Blades and complete
propellers are studied in the larger
high-speed tunnels, such as the 8-
Foot High-Speed Tunnel at Langley
and the 16-Foot Tunnels. Complete
engine installationsare investigated

in the 16-Foot and Full-Scale Tun-
nels. These studies cover the com-
bined effects of the whole engine in-
stallation, including interference ef-
fects on the propeller.

In addition, there are some
special facilities that permit pro-
pellers and blade sections to reach
tip speeds above the speed of sound.

A swept-blade propeller on a dynamometer mounting in the Langley 16-Foot Tun-
nel. The wake-survey rake to the rear provides information on blade efficiency.
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The helicopter, still in an early
stage of development, has proved of
great value because of its unique
ability to fly slowly or to hover in
the air and to take off and land in a
limited space. These characteris-
tics have made it the ideal aircraft
for many commercial applications
and its usefulness may be expected
to increase steadily as its present
limitations are removed. However,
development of the helicopter has
been handicapped by the lack of fun-
damental understanding of the aero-
dynamic and structural problems
peculiar to rotating-wing aircraft.
Development of the helicopter into a
practical machine with desirable
features of performance, reliability,
and utility critically depends upon
the success in solution of the many
technical problems.

Results of wartime specific re-
search have been used, as far as
possible, to provide basic informa-
tion applicable to all types of heli-
copters. However, the need for a
systematic survey of all phases of
helicopter flight is being attacked
so that rational design criteria can
be established for improvement of
future designs.

An analytic and experimental
investigation is required to deter-
mine the effects of rotor blade plan-
forms, twist, airfoil section, and
surface condition on hovering, cruis-
ing, high speed, and auto-rotative
performance. The factors underly-
ing rotor vibration and flutter need
to be thoroughly understood. As
usefulness of the helicopter in-
creases, means should be found to

reduce the degree of skill required
tofly it. Increasing importance will
therefore be attached tofundamental
knowledge of stability and to the
methods of improving and simplify-
ing helicopter control systems. In
order to insure smooth and efficient
operation and to decrease mainten-
ance costs, development of rotor
blades of improved surface design
and uniformity of mass and aerody-
namic characteristics must be car-
ried out. Paralleling development

of fixed wing aircraft, the ability to
fly at greater speeds will be de-
manded of the helicopter as soon as
satisfactory performance and han-
dling qualities are achieved in the
low speed range. With this in mind,
the blade stalling,

vibration, and

i

compressibility problems of high-
speed helicopter flight are under
going thorough study both in flight
and in the laboratory.

The helicopter test tower is a%
special piece of equipment for in-
vestigating rotors. It is a steel cone
40 feet high, with a rotor mounting
head and provision for all controls.
A 1,500 horsepower motor furnishes-
power for rotors of up to 10,000

2

pounds of thrust through a speed v

range of 80 to 400 rpm of the rotor.
Anemometer installations to either’
side give accurate records of wind

conditions. The tower is sufficient- -

ly high to elevate the rotor above,
the level of ground effect, and dupli-

cates conditions of hovering. o

)
In addition to research in full-scale tunnels and with the Helicopter Tower, heli-
copters are studied in flight to provide data on control, performance and vibration.
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“AERODYNAMICS OF
‘ENGINE INSTALLATION

b The greatly -increased diversity
of aircraft power plants and the im-
% mediate importance of flight at tran-
' sonic and supersonic speeds have
'multiplied the related aerodynamic
problems in urgent need of solution.
Internal flow velocities in aircraft
ducting u