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COMPARING materials under a barrage of atoms to determine which
are most resistant to atomic attack and more useful in missile and
rocket manufacture. Atoms are produced by passing a gas at low
pressures through a high voltage discharge. Fast vacuum pumps
make the atoms hit a material test sample.

IED HOT tail pipe of a turbojet engine. Pressure and temperature readings
are being taken.

EXPERIMENTAL MISSILE is installed on the launching racks of an F2H

4

"Banshee” airplane by NACA technicians at the Lewis Laboratory.
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The
missile will be flown from Cleveland to NACA's Pilotless Aircraft Research
Station at Wallops Island, Va., where it will be launched over the Atlantic
Ocean. Electronic tracking equipment will follow the missile’s flight and
record its performance at speeds greater than five times the speed of sound.

10 Years Ah

Supersonic Anniversary Puts Flight Laborat

IGH above the California desert

a young Air Force officer from

West Virginia made final adjust-
ments in the cramped cockpit of his
tiny, bullet-shaped airplane. Soon, he
was hurtling towards the earth far
below as his craft dropped away from
the snug belly of the B-29 mother plane
which had borne him aloft. The man-
carrying bullet came to life as its four
rocket engines spurted their full power.
Now it was the mother plane’'s and the
earth’s turn to drop far below. The
young man in his bullet shot into the

upper reaches of the atn here.
Minutes later it was all over. The
rocket engines had burned out. Plane

and pilot safely glided to a fast power-
off landing on the expanse of Rogers
Dry Lake. This flight was as signifi-
cant as that of the Wright Brothers at
Kitty Hawk—man had flown faster
than the speed of sound. Aviation had
entered the supersonic age.

This adventure into the unknown
was 10 years ago, October 14, 1947.
The pilot was Capt. Chuck Yeager.
His plane was the X-1, christened
“Glamorous Glennis” after his wife.
The X-1 was a triumph of the best en-
gineering talent and teamwork of the
Bell Aircraft Corp.. Reaction Motor,
Inc., Air Force and National Advisory

Committee for Aeronautics.

Today, many planes are capable of
sustained flight well above that reached
by “"Glamorous Glennis” but the team-
work between American industry, the
military services and the research or-
ganizations which made the X-1 per-
formance possible is still functioning to
bring forth aircraft of far greater per-
formance. X

Significantly on this 10th anniversary
of the supersonic era, the attention of
American aeronautics is focused on
Cleveland this week while the NACA's
Lewis Flight Propulsion Laboratory ‘at
Hopkins Airport holds its triennial in-
spection to acquaint the nation's avia-
tion leadership with the trends in air-
craft power plant research.

Among the almost 2000 invited
representatives from industrial, mili-
tary, and scientific institutions will be
members of NACA's “board of direc-
tors” including: Capt. Eddie Ricken-
backer of Eastern Airlines; Fred
Crawford of Thompson Products; Lt.
Gen. Don Putt, the Air Force's develop-
ment chief; Vice Adm. William Davis,
air chief of the Navy, and Lt. Gen.
Jimmy Doolittle, veteran airman and
NACA's chairman.

Progress in harnessing the power of
new high-energy fuels for air-breati )



engines and high-energy rocket propel-
lants will be revealed. Other research
areas to be reviewed include those
dealing with hypersonic (more than
five times the speed of sound) propuil-
sion; high-temperature materials and
other problems of aircraft nuclear pro-
pulsion; high-Mach number engines and
aircraft jet noise reduction. 2

Research in aeronautics is never fin-
ished, and research is the business of
NACA. Each major discovery or
breakthrough opens a new frontier to
be conquered and hatches a new brood
of problems to be solved if America is
to be first in aeronautics.

Every successful plane since that of
the Wrights' has been built around its

(Continued on Page 26)

THE COVER

An experimental supersonic aircraft
model is prepared by an NACA re-
search scientist and a technician for
operation in the test section of the
10x10-foot Supersonic Wind Tunnel at
the NACA Lewis Laboratory. This facility
permits testing of advanced design air-
craft engines and their components at
speeds of 1500 to 2500 mph at simulated
altitudes up to 30 miles.

Color photes by EUGENE GICZY

TELEVISION CAMERA is focused by NACA technicians on a ramjet
engine model through the schlieren optical windows of the 10x10-foot
Supersonic Wind Tunnel's test section. Closed-circuit television enables
scientists to view the ramjet, used for propelling missiles, while the
wind tunnel is operating at speeds from 1,500 to 2,500 m.p.h.

SMALL SECTION of the sprawling NACA conglomerate of laboratories
which represent an investment of more than $100,000,000. This picture
shows building housing air drier for 10 by 10 supersonic wind tunnel.
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.., (Contimned From Page 25)
power piant. Development of
the propulsion system must
come before the design of the
aircraft in which it is to be in-

+ »stalled, otherwise the full po-

tential of neither may ever be
realized. In these days of in-
“ternational competition for sur-
vival, few errors are permissi-
- ble. This is equally true in the
case of missiles.
The go-power, or thrust, of
turbojets, rampets, and rockets
is developed by force from fire.

" * Combustion creates super-hot

>~

-

gases which expand at high
svelocities. The velocity and
pressure of these gases com-
bine their effects at the jet en-
gine’s exhaust nozzle to pro-
duce thrust.

In essence, the work of
NACA’s Lewis Laboratory is to
find new fuels to furnish more
energy; find new materials
which will withstand the great-
‘er temperatures and pressures;
then of higher energy fuels
find the bést means to harness
the higher temperatures and
pressures.

' An example of the problems
facing sclentists is weight.
About 90% of the weight of
a rocket-powered vehicle is its

IS

. , propeant. The choice of pro-

pel will, to a large extent,
detei..ne the size, weight, and

shape of the vehicle. In the
present Vanguard project to
launch a 20-pound earth satel-
lite, the vehicle to carry it
aloft is about 75 feet long.
Perhaps a 25,000-pound pay-
load would be required for a
manned satellite.

If a 7T5-foot vehicle is- re-
quired to launch a 20-pound
space satellite, the size of a
vehicle to launch a 25,000-
pound payload would be un-
gainly, to say the least. New
higher energy propellants
would result in obvious weight
and size advantages.

Other problems to be solved
include those caused by tem-
peratures, hot enough to change
the behavior of matter, induced
on a missile's re-entry into the
earth’s atmosphere, and precise
control of missile fuel consump-
tion. The materials to with-
stand these temperatures and
systems to handle the propel-
lants with target-hitting preci-
sion are among the many goals
of research.

That some of the problems of
flight are being solved is evi-
denced by advances in plane and
missile speeds since Capt. Yea-
ger’s flight in the X-1. By 1953
manned aircraft had reached
1,650 m.p.h.,, and last year the
X-2 flew about 2,100 m.p.h. The
missile speeds of 10 years ago

were only somewhat better than
those of the World War II,
3500 m.p.h. German V-25. By
1949 missiles were in the 5,000
m.p.h. class. Last year, an
NACA four-stage, rocket-pow-
ered research vehicle reached
6,864 mph. Other rocket-
powered research vehicles have
since - bettered this speed.

Contributions to the power-
plant performance of these air-
craft were made by skilled
NACA scientists working at
Cleveland with complex re-
search facilities. The latest of
these will be seen during the
Lewis inspection. They are:
The 10x10-foot supersonic wind
tunnel, completed last year at
a cost- of 32 million dollars; the
8x6-foot supersonic wind tunnel,
on which extensive modifica-
tions to extend its speed range
were recently completed, and
the rocket engine research fa-
cility, also completed this sum-
mer.

With both wind tunnels, sci-
entists can study full-size plane
and missile power plants operat-
ing at speeds past 2,500 m.p.h.
at simulated altitudes up to 30
miles. The tunnels permit in-
vestigation of an engine’s ther-
modynamic and aerodynamic
performance, operating tem-
peratures and stresses, control
systems, and air inlet and exit
performances. Among the con-
tributions of the 10x10 during
its first year’s operations are
supersonic performance data on

(Continued on Page 28)

JRAM JET TEST. Another view inside the 10x10-foot wind tunnel. Note the
mirror-like polish of walls and floor. Men who set up the tests must remove
shoes belfore entering tunnel, or else wrap shoes in towels.

“SCRUBBER"” is part of the silencing and exhaust gas
disposal system of the new rocket engine research
facility at Lewis. Water sprays within the scrubber re-
move rocket exhaust products. Like a giant automobile
muffler, the scrubber also silences sounds of rocket
engine operation.

s

AFT VIEW of a 16-inch ram jet engine in test position,
seen through the floor opening of the wind tunnel
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AIR VIEW of the 10x10-foot supersonic wind tunnel
this tunnel makes a hurricane seem like a gentle summer breeze. It permits
high dltitude tests of full-scale engine and aircraft models at air speeds three
oand one-halt times the speed of sound.

I0 Years After Xl

(Continued From Page 27)
the B-58 engines, various ram-
jet engines, and high-energy
fuels.

The 10x10 covers an area of
abqut two city blocks. The air
which pushes at hurricane
speeds through its test section
is moved by two large compres-
sors turned by seven electric
motors producing 250,000 horse-
power. Air enters the tunnel
through an air dryer building
which is 117 by 84 feet, 82 feet
high Here moisture is removed
by heat and chemicals at a rate
equal to the capacity of about
12,000 home clothes dryers.

Walls of the test section are
stainless steel plate, 10 feet
wide, 78 feet long, and 1%
inches thick. Hydraulic jacks
can squeeze portions of these
walls as much as two and one-
half feet each to form a vari-
able nozzle for different air
speeds

For the benefit of the neigh-
bors, much effort has been ex-
pended to operate all Lewis re-
search facilities as quietly as
possible. A two-story structure
silences the 10x10 tunnel noise
as air is exhausted back to the
atmosphere. A 24-foot valve
also permits recirculation and
reuse of the air within the tun-
nel.

The 8x6-foot tunnel is de-
signed to produce the lower
flight speeds in which all air-
craft power plants must operate
at times. For accurate data at
transonic (at or near the speed
of sound) speeds, 4,700 holes
were bored in the four walls of
the test section. The perfora-
tions let air "bleed” through

the walls. Transonic speeds
could not be duplicated in wind
tunnels before this “bleeding.”

Scientists at the new rocket
engine research facility will in-
vestigate, with practical-sized
rocket engines, methods of uti-
lizing high-energy propellants.
Versatility of the equipment
permits initial studies using
low-cost fuels. There is a thrust
stand where the rocket engine
is securely mounted during
tests; propellant supply and
storage systems; an exhaust gas
disposal system, and silencing
equipment.

During operation, 50,000 gal-
lons of water per second are
sprayed into the exhaust duct
to scrub combustion products

The air iorce through

from the rocket exhaust and to
help silence normal operating
noise. Closed circuit TV cam-
eras, also a feature of the two
large tunnels, let operators
view activities from the control
room.

Lewis, on which construction

s started in 1941, is one of
three major research centers
operated by NACA. The others
‘are the Langley Aeronautical
Laboratory, near Hampton, Va.,
and the Ames Aeronautical
Laboratory, near San Francisco.
Smaller NACA research instal-
lations are located at Wallops
Island, off the Virginia coast,
and at Edwards, Calif.

NACA policy is established by
the committee itself, a 17-man
body whose membership is ap-
pointed by the President and
serves without pay. There are
28 subordinate committees com-
posed of about 400 specialists
who also serve without pay.

SWINGING VALVE. 24 feet in diameter, is one of
the key control elements of the Lewis 10x10 wind
tunnel. In one position, it seals off the tunnel ex-
haust, making the tunnel a closed circuit, which is
used for aerodynamic testing of models. In its other
position, the valve acts as a seal across the tunnel.
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Cleveland Hopkins Airport.

“'Develop Fuels Here to
"'Planes 4 Times Speed

By CHARLES TRACY

Press Aviation Editor
» # Cleveland scientists have
perfected fuels that will per-

Cleveland-Hopkins Airport to
San Francisco in less than an
hour, or to New York in a
little more than 15 minutes.

HIGH-POWERED FUELS for rocket engines that will push missiles thousands of
miles an hour at altitudes of 20 miles will be tested in this $2,500,000 base at

NEWPORT NEWS TIMES HERALD

Newport News, Virginia
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Triple Of Sound |
p T = C l
 Tiple ) o
[ CLEVELAND & — A~ ramjet
test missile burning one of the
new high-energy fuels, a boron|
|compound, has flown more than
three times the speed of sound,
‘}ur faster than 2,000 m.p.h.
This was disclosed today at the
|triennial inspection of the Lewis
Flight Propulsion Laboratory of
the National Advisory Committee
for Aeronautics, the top govern-
ment agency in basic air re-
search.
NACA showed publicly for the
first time a 2% miltion dollar
rocket engine research facility
which was completed last August.
The agency said that the spec-
tacular rocket developments of
the past few years may be sur-
passed by even greater gains
from the fuel research now under

Power
of Sound

NACA latoratories at Cleve-
land-Hopkins Airport for the
installation’s “triennial in-
spection.”™

way.

NACA scientists told visitors
the laboratory has been studying
the effectiveness of various
borape fuels and recenlly has
tried them out in full-scale ram-
jet and turbejet engines.

Officials said the results have
been encouragmg, but some dif-

mit airliners to travel at four

, ¢, times the speed of sound.
This 2600-mph speed would
allow a piane to streak from

The spectacular develop-
ment was disclosed today as
2000 of che nation’s top air-
craft experts gathered at the

Those present included
Lieut. Gen. James Doolittle,
chairman of the National Ad-
visory Committee on Aero-
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sveland Laboratory
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.+ 2.600 MPH Plane
.. Fuels Perfected

Rueclal To The Beacon Journal
CLEVELAND—Scientists here have perfected fuels that
will permit airlines to travel at four times the speed of
sound.
This 2,600 mph speed would permit a plane to streak
from Cleveland-Hopkins Airport to San Francisco in less than
an hour, or to New York in a little over 15 minutes. ‘

The sp 1 p-&— |
ment was disclosed today as‘wraps off a new $2.500,000
2,000 of the nation's top air-|rocket engine research facl-|
craft experts gathered at thejity.

Mational Advisory Committée| The new laboratory,” com-
on Aeronautics laboratories at|pleted last August, was open-
Cleveland-Hopkins Airport foried for 1ts first semi-public
the installation’s “triennial in-/inspection.

spection.” .

Edward R. Sharp. director| THE 2,600 MPH speed for

~lof the 100-milllon-dollar coll-|Passenger planes made pos-
ection of wind tunnels and|Sible by the new fuel would
;|laboratories devoted to devel.[be about 600 MPH faster than
opment of the planes and|man has yet traveled through
_|fuels of tomorrow, took the|the sound barrier.
e s | Lewis Flight Propulslon
Laboratory (that's the of-
ficial tide of the NACA in.
|stallation here) experts said
the new liquid fuels with a
high boron content are now
expensive and scarce.

But, they said. new plants
under construction will soon
make these fuels available for
\wider use and flight tests, as
|well as laboratory experi-
| ments.

re

devel

!

nautics; Eddie Rickenbacker,
board chairman of Eastern
Airlines; Fred Crawford,
board chairman of Thompson
Products, and John Victory,
NACA's national secretary.

Edward R. Sharp, director
of the 100-million-dollar col-

ficult problerns remain. These io-
clude:
1. Danger to personnel. Boron
compounds can be quite toxic..
2. Combustion deposits inside
the engines, which cut down on
lormance.
Pé;vl.fACA officials explained that
while the petroleum fuels now
burned in jet aircraft are rela-
tively cheap, plentiful and safe,
their energy content is too low to
satisfy the needs of

military
planes and missiles. i
Since World War II, NACA said,

lection of wind tunnels and
laboratories devoted to devel-
opment of the planes and
fuels of tomorrow, took the
wraps off a new $2,500,000
rocket engine research facil-
ity.

The new laboratory, com-
pleted last August, was
opened for ifs first semi-
public inspection. [

Visiting experts were
shown how the facility is
equipped to test fuels in full-
sized rocket engines roaring
at top speed.

Other disclosures by NACA
scientists:

HIGH ENERGY FUELS
tested here can increase the
|range of supersonic planes
and missiles by 40%. This
means that the United States
has perfected fuels that make
possible the intercontinental
ballistic missile or a rocket
to the moon. I

RESEARCH HAS PRO-
DUCED plans for a new
fuselage for aircraft which
will permit passenger planes
to travel at supersonic speeds.
The new fuselage is shaped
like a pop bottle, rather than
the conventional cigar shape.

The 2600-miph speed for -
‘passenger planes made possi-
ble by the new fuel would be
| about 600-mph faster than
| man has yet traveled through
the sound barrier.

\Prop

at least 11 U.S. organizations,
with increasingly strong encour-
agement from the armed forces,
have been searching for new fuels
with higher energy content.

October

Laboratory at 21000 Brookpark

Road today revealed that a
ramjet test missile.burning one

of the new high-energy fuels

faster than 2,000 mph.

The disclosure of the new
boron fuel an
made at the trjennial inspection
tour attended by more than 500
U.S. government officials, aero-
nautics experts and scientists.
The tour is sponsored by the
National Advisory Committee
for Aeronautics.

The visitors were told by lab-
oratory scientists that varjous
boron fuels had been studied
for their effectiveness and were
recently tested in full-scale
ramjet and turbojet engines.

Expect Big Galns

The NACA officials said fuel
research now underway may
result in greater gains and sur-
pass the”rocket developments
of the past few years.

They said their study of the
various boron fuels have been
“encouraging” but admitted
some difficult problems remain
such as danger to personnel be-
cause boron compounds can be
quite toxic and combustion de-
posits inside the engines which
cut down on performance.

Laboratory officials said
NACA research interests have
mostly centered upon boron
and its compounds due to its
high energy content.per pound
and its high burning tempera-
ture.

2,000 to Attend
NACA, the top government
agency in basic air research
will conduct the tour through’
Thursday. An expected 2,000
experts from across the nation

MOST OF the NACA research mn-
terests have centel upon boron
and its compounds because of its

high ener; content per pound
and its hlg burning temperature.

The agency said in a report pre-
pai for the triennial inspection
that a theoretical study of a ram-
jet missile flying at 60,000 feet at
a speed of 2,100 m.p.h. indicated
that the use of boron could ex:
tend the range 40 per cent beyond
that provided by conventional JP4
jegll{ue}.
satisfactory use of a radically
new fuel under concisely con-
trolled conditions of the laborato-
ry, and something perhaps entire-
1y different, and much more dif-
ficult to achieve similarly happy
results in actual t use,” the
NACA report said.

“The latter step has already
been taken in a small way.

“Speeds greater than a Mach
number of three (three times the
speed of sound) were recorded in
free flight by an experimental
full-scale ramjet test missile burn-
ing a boron compound fuel.

“Not until the multimillion dol-
lar plants now under cobstruction
can produce ively large

is one thing to complete

are expected to attend the vari-

Yonday,

Missile flie
the speed

CLEVELAND (#)—A ramjet

test missile burning one of the
new high-energy fuels, a boron
compound, has flown more
than three times the speed of
sound, or faster than 2,000
mph.
This was disclosed today at
the triennial Inspection of the
Lewis Flight Propulsion Labo-
ratory of the National Advisory|
& .

has flown more than three
times the speed of sound, or

test flight, was|

CLEVELAND NEWS
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NACAMissile” "' A 2,000 Mph Missile!
Achieves Speed New Fuel Gets Credit

The Lewis Flight Propulsion|

ous demonstrationg in modern
flight propulsion.

The visitors were also im-
pressed by the laboratory's new
$2,500,000 rocket research en-
gine facility which was corh-
pleted in August.

The laboratory which deals
in scientific research and aero-
nautics directed toward prac-
tical solutions of problems of
flight, possesses research equip-
ment and facilities valued at
more than $100,000,000.

«composite of advanced

lo Alto, Cal
Octo

An seronautical research

tist at the Lewis

Flight Propulsion Laboratory displays a model of
a theoretical Mach 4 turbojet erfgine based on a

research and cycle analysis.

ornia

1057

ap T
er [,

s 3 times
of sound

has tried them out in full-
scale ramjet #»d turbojef
engtnes.

OFFICIALS sald the results
have been encouraging, but
some difficult problems remain.
These include:

1. Danger to personnel. Boron
compounds can be quite toxic.
2.-Combustion deposits inside

amounts of the new high-energy

fuels will it be possible to com-

plete the large scale research that

remains before these fuels can

be effectively applied to aircraft
ulsion.”

for Aer
(NACA), the top government
agency in basic air research.

NACA SHOWED publicly for
the first time a 2l%-million-
dollar rocket engine research
facility which was completed
last August.

The agency said that the

tacular rocket t
of the past few years may be
|surpassed by even greater gains
from the fuels research now
under way.

NACA sclentists told visitors
the laboratory has been study-
ing the effectiveness of varl-
ous boron fuels and recenily

e engines, which cut down on|
performance.

NACA offlclials

ideas from

component

WASHINGTON STAR

that, while the petroleum fuels

now burned In jet aircraft are

relatively cheap, plentiful and

safe, thelr energy content is

too low to satisfy the needs of

military planes and missiles.
— e

Washington, D.C.
Qctober 7, 1957

Boron-Fueled
Missile Tops
2,000 M.P.K.

CLEVELAND, Oct. 7 (#).—A
ram)et test missile burning one
of the new high-energy fules,
a boron compound, has flown
at more than three times the
speed of sound. or faster than
2,000 miles per hour.

This was disclosed today at
the triennial inspection of the
Lewis Flight Propulsion Lab-
oratory of the National Ad-
visory Committee for Aeronau-
tics, the top Government agency
in basic air research.

The commitlee showed pub-
Mcly for the first time a $2'.
million rocket engine rescarch
facility which was completed

| last August.

The agency said the specta-
cular rocket developments of
the last few years may be sur-
passed by even greater gains

from the fuel research now
under way.
The laboratory’s sclentists

told visitors they have been
studying the effectiveness of
various boron fuels and recently
have tried them out in full-scale

ramjet and turbojet engines.
Officials said the results
have been encouraging, but

some difficult problems remain.
These include:

1. Danger to personnel. Boron
compounds can be quile toxic.

2. Combustion deposits inside
the engines. which cut down
on performance.

Officials explained that while
the petroleum fuels now burned
In jet awcrafy are relatively
cheap, plentiful and safe, their
energy content is too low to
satisfy the needs of military
planes and missiles.
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DEVICE T0 POWER

SPACE SHIP SHOWN ==

U.S.Scientists Display Model
of Engine Designed for
Use Beyond Atmosphere

By RICHARD WITKIN

Apectal to The New York Times.
VELAND, Oct. T—Gov-
ernment scientists demonstrated

flight in outer space.
e engines, known as lon

guns, would produce only tiny|SCnera

amounts of thrust. But that
would be enough to navigate
space vehicles once

It
dors with the Boviet satelfite.
gines lx that their fuel, once
ited, burns rapidly. A space

10 around Mars would|
want to ration its ive
energy over a long period of
ime.

time.

It was estimaled today that
a ten-ton space vehicle subject-
ed to only a ten-pound thrust
for a month’s time would in-
crease its speed 25,000 miles an
hour over Its original s L |

e _associate director of the
N.A.C. A, laboratory, Abe su-|
verstein, stressed |
population research wi 1
early stages. He sald the ex-
nﬂmen ices shown were

t two of many different types
that might eventually prove

other with & high-voltage elx~|
tric arc.

“research.

NDIANAPOLIS NEWS
Indianapolis, Indiana
October 8, 1957

US. Test Missile:
Goes 2,000 MPH

CLEVELAND (AP)—A-ram-
jet test missile burning one
of the new high-energy fuels,
a boron compound, has flown
faster than 2,000 mph.,

The flight at more than
three times the speed of sound
was revealed yesterday by the
National Advisory Committee
for Aeronautics, the top gov-
ernment agency in basic air

rocket engines had propell
them lo speeds where gravity
‘was neutralized and to altitudes|
where there was no longer any.
atmosphere.

They would have an advan-
lage over rocket engines in
b able to operate for the
X1 of time thal

circle the earth at 18,000 miles.
e tald
e experimental devices,wers
demonstrated ar the Dewis
Flight Propulsion Laboratory
At Cleveland Hopkins Airport
here. This is one of three major
research establishments oper-
ated by the National Advisory
Committee for Aeronautics, the
Government's top aviation re-
search organization,
High-Speed Engines Planned
A tour through the Lewis fa-
cilities  includes ese other
hlihll‘hl-l:
IN. A. C. A. acientists have
concluded from receht research
that it should be possible to
develop turbo-jet engines for
to four times the
=peed of sound. That would be
2,600 miles an hour. It was
thought such speed might be
feasible not only for military
craft but for commercial air-
tiners. The engines on the 550-
mlle-an - hour jet alriiners In
service in Russia and soon to
enter service here are turbo-

Jots.

QThe problem of suppressing
Jet-engine noise to piston:

ne levels has not yet been
icked. Nolse suppressors to do
part of the.job have been de-
veloped. The rest of the job
could be accomplished through
a new kind of cool-burning en-
gine, but thes¢' have not yet
been perfected, according to the
N.A.C.A.

qThere is a grave question
whether the highly publicized.
high-energy boren fuels will
ever be used. The fuels, at pres-
ent, have serious drawbacks in
hey are toxic and leave
heavy deposil$ in the engine.
Provisions for Power

The “ion gun” e for
maneuvering satellites or space
ships would provide power for
propulsion in this way:

Enormous heat must be gen-
erated to break down the pro-
pulsive material into negatively

electrons and positively
charged jons. The breakdown is
essential so that the charged
particles can be accelerated to
propulsive speeds by powerful
magnets or similar devices.
mission of the atream of
particles pushes the vehicle
the opposite direction, just as,
rocket or jet engines are thrust
sorward in the opposite direc-
tlon from their exhausts.

An “lon gun” might provide
only about ten pounds of thrust.
compared with 130,000 pounds
in the rocket engine of a long-
range ballistic missile or the
bottom stage of an earth ulel-L
lite vehicle, But ten pounds is|
useful thrust onee a vehicle has|
attained the 18,000 - mile n -
hour speed of a satellite. Centri-
fugal force at that speed bal-
ances the restraining pull of|
gravity, There is no atmosphere
at sateilite altitudes to provide
alr_resistance.

The space vehicle presumably.
would be carried to satellite
orbit by rocket engines, as was
The drawback with rocket en-

By John

| CLEVELAND, Oct. A
working mode} of a radically
new principle of propusion
|that could be developed into
'an engine for space ships was |
demonstrated by Government
engineers here today. |

Employing “ion propulsion,”
such an engine might be used
to enable a manned space
satellite to change orbits or
to gain:the necessary 25000-

T—.

|the earth’s gravity entirely
[and travel to other planets
and return.

|a space engine was demon-
|strated to Government offi-
 cials, scientists and newsmen
| at the National Advisory Com-
| mittee for Acronautics Lewis|
\Eugm Propulsion Laboratory
| here.

NACA engineers also dis-;
| closed progress made in de-/
velopment of new “exotic”
fuels, that could increase the
| range of jet aircraft by 40 per|,
cent, new type jet engines

four to seven times the speed|
lof sound, and possible ways,
| of solving the jet noise prob-
 lem.

May Have Advantages

Abe Silverstein, associ
dlirector of the NACA Labora-

electrons escape. They then|

vides thrust which could

vehicle. Silverstein said such
a power plant would require’
a source of electric power)
'which could come from solar'
batteries or radiation pressure.|

% variable air intake and jet ex-

side the
can be electrlcally ¢harged|performance. And boron ls ex.
and thelr great velocity pro- pensive.

WASHINGTON POST
Washington, D.C.
October 8, 1957

Space-Ship Engine
Forerunner Exhibited

G. Norris

Suft Reporter

1_ By lon propulsion speeds aI[

000 miles per hour are pos-

ible with such.an engiue, they |
eclared.

When such a space engine
could be ready depends on the
amount of effort and money
the Government decides to put
linto the project, Silverstein |
said. The Russians undoubted-,
ly are working on such propul-
sion, he added. NACA engi-

mile-an-hour speed to escape|N€ers also said that research eum, or

demonstrates that turbojet air-"
planes traveling at four times |
the speed of sound—2600 mph

and outlined the probable char-
acterlstics of such a plane and
its power plant.

Long Pencil Nose

Models of such a plane on |
view portrayed a delta wing/,
shape with a long pencil nnle.i
Its engines woul |
haust nozzles to make it effi-
clent. Takeoff speeds would'
approach mph.

Research on manned aircraft,

capable of propelling planesfwith speeds up to 7 times lhel

speed of sound—4600 m.p.h.—
also is under way, utilizing
ramjet engines. Much work on
overcoming tremendous heat |
problems, however, is neces-

as stressed.
Development work

sary before such pl I
i.t'!]w f, planes fly, it

on new,

tory. told newsmen that lonhigh-energy fuels, combining
propulsion may have advan-the metal
tages over chemical rocketwas disclosed.

boron and hydrogen,

tpower to drive space ships. Engineers said the range of
Ions are tiny particles formedram jet missiles so powered|
when the molecular structure could be extended 40 per cent
of atoms Is broken down by flying at an altitude of 60,000,
great heat — perhaps 50,00_0‘!ce1h a‘nd at_2100 m.p.h. using
degr Fah — such fuel. But the fuels are

grecs renhelt ‘nd\loxic_ nd produce deposits in-

engine which reduce

Research In reductlon of jet

noise has developed a number
propel and conirol 2 spaceof exnaust nozzle shapes which
lower the noise hv!fu in-
Ing jets, This was shown in
actual demonstrations. But all
versions so far involve con.
siderable loss in thrust and
cost more.

of whi

THE SUN
Springfield, Ohio
Octover 8, 1957

have to have' d
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lon Stream
May Power
Space Flight

CLEVELAND. Oct. 8 (P .—
The Natlonal Advisory Com-
mittee for Aeronautics bom-
barded a small pinwheel inside
a glass vacuum-jar with an
invisible stream of fons.today
and made it whirl briskly.

The same lon-stream prin-
clpie. the committee  said.
some day may be harnessed
to push 10-ton space ships
moonward al many thousands
ol miles an hour once they
have reached outer space.

Coupled with atomic encrgy.
such a vehicle might have vir-
tually unlimited range.

The demonstration was part
of a four-dav public inspection
of the NACA's Lewis Flizht
Propulsion  Laboratory which
is attractinz top scientists to
Cleveland this week.

CLEVELAND NEWS

October 8, 1957

|
4
i

Here is an experimental jet en

Propulsion

Hith T Produced

To simulate the searing tem-
peratures which will be experi-
enced by alcralt and power
plants  at  exteme  speeds,
NACA has developed & research
t00l. the electric arc tunnel. It
uses & cathode rav and anode
nozzle to iransmit a spark,
much as in the poweriul
searchlight of an antialrcraft
unit

A fluid injected into the arc
chamber, healed by the arc
and expanded through the noz-
Zle produces u high-speed
“plasma jet™ with
wmperaturcs of 10,000 to 20,000
degrees.,

“The arc tunnel suggests an

The possible forerunner of 3t high altitudes—are possible, gyuractive propulsion device for

outer-space flight,” NACA said
in a report made public at the
demonsuration.

“If a sueam of lons. as In an
arc Jel, can be accelerated to
high velocitics by use of elec-
trie or magnetic fields,'a small
amount of thrust will be pro-

uced.”

Only Small Tbrust Needed

Ions are tny bits of matter
— atoms which have been
stripped of some of their e.ec-
trons and have become eleciri-
cally charged.

Physietst M. J. Krisnlcan
explained that  beyona

- | ernment officials,

develop a suppressor to cut the volume to 100 de;hels.

gine noi

4 -
ise suppressor developed at the Lewis Flight
Laboratory here. It cuts jet noise from about 120 decibcls, almost
to 108, which is loud but not i

hope Ny to

Bright Young Men Work
On Own 3 R's at NACA Lab

By DON ROBERTSON

The 100-million-dollar Lewis

imgs in groups of about 500
|every day through Thursday,

Flight Propulsion Laboratory is|spend their day riding around

a place of rockets and racket
and research.

It is a place where progress
s _measured In Machs and
BTUs,. decibels and thrust. It
is a place where bright young
men develop and test all sorts
of things that fly.

These bright young men in-
vestigate fuels used to propel
aireraft and missiles. They test
materials best suited for super-
sonic flight — materlals that
won't disintegrate from heat.
They experiment with Jjet
engines, with the noise jet
engines make. They test the
engines’ efficiency. They try
to determine what is best and

! 'what is fastest.

2,000 Will Call
A total of about 2,000 gov-
educators,
aircraft manu-

rarth’s at ¢ & vehicle
would require only slizht power.
in smoll increments, to accel-
erale a greal deal. I

“For examplc.” he suid, “a
10-ton vehicie in outer space,
powered by 10 pounds of thrust
Jfor only one month, would in-
crense its original velocity by
25,000 mies an hour.”

Such a vehicle before Its fon
acceleration presumably would
be traveling ot least 18,000/
mies an hour. which is the
minimum speed for an earth
satellite 0 malniamn Its orbit.
Sull greater speed would be
\required Lo break away from
the earth’s pull and escape
into_space. l

The scientists said there were

Scientists Predict Turbojet Aircraft many probems et to be lickea

Will Fly At Four Times Speed Of Sound

CLEVELAND, Oct. 7.—(AP)—
The federal ernment’s  top
aeronautic scientists today fore-
|cast that high-altitude turbojet
laireraft would some day be fly-
ing at four times the velocity of
soul

Scientists of the National Ad-‘
visory Committee for Aeronau-
tics (NACA) unveiled a model

the future at an i
the Lewis FIi

oratory 3
‘The U. S. Air Force has flown
an experimental plane at about
Mach 3—three times the veloc-
ity of sound. 1
It was just 10 years ago this

month that the Air Force broke|
of

the sound barrier with the X1.

The scientists disclosed
newsmen, military officers and
industry representatives attend-

[{

are doing some research on air-
craft with potential speeds of up
10 25000 m.p.h.

These would be used for space
flight. But the NACA officials
said planes beyond the Mach 4
—2,600-m.p.h.—range would not
be turbojets bul rather ramjets

on such a plane. They said it
appeared both the inlet and ex-
haust systems of the engines
would have to be designed
that thay
|capacities at different speeds.
NACA also revealed that it
was concentrating much effort.
on eliminating the

tribute  to  grearly

facturers and newsmen are
visiting the lab this week.
Their tours are under the
sponsorship of the National
Advisory Committee for Aero-
nautics, which operates the lab
at 21000 Brookpark Road S.W.,
adjoining  Cleveland Hopkins
Atrport.

These visitors, who age tour-
Ing the lab grounds and build-

the enormous land space oc-
cupied by the facllity. They
are entering various barn-like
structures and listening to lec-
| tures by the bright young men.

Here are some of the things
—and some of the problems—
that dre being explained:

JET NOISE—A decibel is a|

unit that measures noise. The
noise of a jet plane in takeoff
goes as high as 125 decibels. A
human being can stand about
135 decibels before his head
| begins to split. The men at the
lab have determined that the
loud noise is caused by fidetu-
|ating alr currents within the
nozzle of the jet. They have ex
perimented with various noz
zles, and have come up with
jonie (shaped like the pipes in
a pipe organ) that cuts the
noise to 108 decibels. A 100-
decibel level is considered quiet
enough, and so some experi-
menting remains before the
project is a success. (The visi-
tors are being shown an
periment that employs an ac-
tual plane. The noise is deafen-
ing.)

JET FUELS—Fucls contain-
ing hydrogen and boron have
been found to be the most ef-

| ficlent and powerful for jet en-
|xims. But they are dangerous
and hard to produce and leave
oxides in the jets that impair
efficiency. A lot more work
also remains here.

MACH 4—A Mach Is the
speed of sound. Four Machs is
2,600 miles per hour. Aircraft
have reached speeds of Mach
2. Now scientists believe they
can develop engines capable of
reaching Mach 4. One of the
large barriers here is the con-
flict of thrust vs. drag—that is,
power vs. Inertia. Special en-
gines are now being developed
so that thrust will exceed drag
by about 35%. Success of these
engines will prevent the air-
plane from accelerating so
slowly that it will consume too|
much fuel and thus shorter its
range. |

|
|
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Ramjet Test Missile Using Boron
Fuel Flies 3 Times Speed of Sound

Top Federal Air

Agency Shows New Unit,
Tells of Rocket Gains

CLEVELAND,— (AP)—A ramjet test missile
0| DUMnIng one of the new high-energy fuels. a
were variable in their| boron compound. has flown more than three

limes the speed of sound, or faster than

2,000 m.p.h.

This was disclosed at the triennial Inspec-
bugs from| tlon of the Lewis Flight Propulsion Laboratory
high-energy fuel which could con-| of the National Advisory Committee for Aero-
Increased | nautics, the top Government agency in basic

Rescarch|pausey e

Since World
least 11 U8, o

Most

The agency
the triennial ins|
of a ramjet mi

relatively cheap,

plentiful and safe, their
10 100 low to satisfy the needs

of military planes and missiles.

War 11, the N.A.C.A. said. at
rganizatlons, with increasingly

strong encouragement from the armed forces,
have been_ searching * for new fuels with
higher energy contents.

of the NACA.
have centered upon boron and its compounds
because of its high energy content per pound
and its high burning temperature.

research interests

said in a report prepared for
pection that a theoretical study
ssile flying at 60.000 feet at a

speedof 2,100 m.p.h. indicaled the use of boron

uselage.

or rocket-propelled craft.

Abe Silversiein, assoclate
of such a “Mach 4” plane of | rector of the labora

nspection of 1o say definitely whether
ight Propulsion Lab-| “Mach 4" plane could be used
for commercial flying as well as
military purposes.

He said there would be serious
problems, such as how to cool
he passenger compartment.
Bul he sald such speeds could
t be ruled out for sirliners is no question
the future.

1" The model of a
vl gt ‘hellllllhﬂml whether such an effort should
" X hether
ing the Inspection that they even | 1row 3, & Jo7E: Benclk ke fuse e o iow of the work A€InE. bul some difficult problems romain.
wings and the two turbojet power still needed 2o develop an effi-
plants nestied up against the clent plane.

aif research. The N.A.C.A. showed publicly
for the first time a §2,500,000 rocket engine re-
search facility which was completed last Au-
1st.
The agency sald that the spectacular racket

ping & of the past few years may be

owered plane. Research must | surpassed by even greater gains from fuel re-
| search currently under way.

E?Qﬁ":i,"’;,é?ﬁ;'&f}? z:“:‘:%‘:li N.A.C.A. scientists told visitors the labora-

¥ tory has been studying the effectiveness of
o e . wsmen “there | various borane fuels and recently has tricd
I t that one (a } them out in full-scale ramjet and turbojel en-
plane) could be | gines.
Results Called Encouraging
Officials said the resulls have been encour-

speeds and range in hi:hll’i!’ud("
flight. Boron compounds have re-
ceived much attention in this re- |
search. The scientists also dis- |
cussed the problems Involved in |

i nuclear- |

tory, declined
a

nuclear-powe:
“Mach 4” made o fly.”
But. he added, the question was

These include danger 1o personnel as boron
compounds can be quite toxic and combustion
deposits Inside the engines, which cut down on
performance.

N.A.C.A. officlals explained that while the
petroleum fuels now burned in jet aircraft are

could extend the range 40+ beyond that pro-
vided by conventional JP4 jet fucl.
From Laboratory fo Flight Use

“IL is one thing lo complete factory
use of a radically new fuel type undcr con-
cisely controlled conditions of the labormtory,
and somelhing perhaps entirely different. and
much more difficult to achieve similarly happy
results in actual use,” the N.A.C.A. report said.
step has already been taken In
" the report continued. “'Speeds
greater than a mach number of three (three
times the speed of sound) were recorded in
tree flight by an experimental full-scale ram-
jet test missile burning a boron compound
fuel."*

**Not until the multimillion dollar plants now
under construction can produce relatively
large amounts of the new high-energy fuels,”
the report’ added, will it be possible to com-
plete the large-scale research needed before
these fuels can be ellectively applied.
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2,600 M.P.H. Jet
Predicted by U.S.

CLEVELAND, Oct. 7.—(AP}—The Federal Gov-{™
ernment’s top aeronautic scientists today forecast that!
high altitude turbojet aircraft would some day be flying
at four times the velocity of sound. Scientists of the

2,000 mph on

CLEVELAND, Oct. 7.
—{AP)—A Ramjet test missile
burning one of the new high|
energy fuels, 2 Boron com-
pound. has flown more than
three times the speed of
sound or faster than 2,000

Tlus was disclosed lodly lt

New Jet Fuel

safe, their energy content is
too low to satisfy the needs of|
military planes and missiles.
While other United States
organizations also have been
searching for new, higher
energy fuels, most or thel
NACA research interests have|
centered upon Boron and il.s

Silencer Cuts Down

Jet Engine

CLEVELAND, Oct. 7. —(AP),
—A new gadget on the tail
Jend of a jet bomber's engine|
cut the engine’s throaty roar|

the triennial
Lewis flight propulsion hbort-
tory of the National Advxwry

National Advisory Committee|
for Aeronautics (NACA) un-
veiled a model of such a
“Mach 4” plane of the future
at an inspection of the Lewis
Flight F L ¥

But he said such
could not be ruled out for air-
liners of the future.

The model of a “Mach 4"
plane p at the labora-
tory showed a long. pencil-like
fuselage, with heavily swept
back wings and the two turbo-|
b plants nestled up

The United States Air Force
has flown am experimental
plane at about Mach 3—three|jet power

times the velocity of sound.

It was just 10 years ago this|
month that the Air Force
broke the sound barrier with|
the X1.

25,000 M.P.H.
The scientists disclosed to

newsmen, military officers and|si

industry representatives at-|
tending the inspection that
they even are doing some re-
search on aircraft with poten-
tial speeds of up to 25,000,
miles per hour.

These would be used for
space flight. But the NACA of-
ﬂcuu said planes beyond the

h 4—2,600 miles per hour
——mge would not be turbo-|
jets but rather ramjets or|
rocket-propelled craft.

Abe Silverstein, associate di-
rector of the Jaboratory, de-
clined to say definitely wheth-
er a “Mach 4” plane could be
used for commercial flying as
well as military purToses

He said there wouild be seri-
ous problems, such as how to
cool the passenger compart
ment.

against the fuselage.

The scientists said there|
were many problems yet to
be licked on such a plane. They|
said it appeared both the in-
let and exhaust systems of the|
engines would have to be de-
ed so that they were vari-
able in their capacities at dif-|
ferent speeds.

NACA also revealed that it|
was concentrating much ef-
fort on eliminating the bugs|
{rom high-energy fuel which|
could contribute to greatly in-
creased speeds and range in
high-altitude flight. Boron
compounds have received much|
attention in this research. The
scientists also discussed the
problems involved in develop-
ing a successful nuclear-pow-
ered plane.

Research must develop bet-
ter and lighter shield materials|
for the atomic reactor before
the project will be successful,
they said.

Silverstein told newsmen
“There is no goestion but that
one (a nuclear powerzd plane)
coald be made to fly.”

But, he added, the question|
was whether such an effort
should be made now in view|
of the work still needed to de-
velop an efficient plane.

e NACA officials told
thelr work on jons as
tractive propulsion device” for|
outer space flight. lons are|
tiny bits of matter, carrying
electrical charges formed
when an electron is added or,
|removed from an electrically,
neutral atom.

The officials said that if a
stream of jons could be accel-
erated to high velocities by
use of electric or magnetic
fields. their energy could glve
thrust which might propel;
satellites in flights beyond the|
Earth’s atmosphere.

The scientists disclosed that
in addition to dizzying speeds
and space flight they zlso are
working on more mundane
headaches.

They said one problem
which might arise in connec-
tion with the jet airliners
scheduled to begin service in
1959 was that their engines on
the ground sometimes tend to
act as mammoth vacuum
deaners

pebblu, small tools and debris
“with oceaslonal catastrophic| th
results,” the scientists said.

NACA is working on meth-
ods to prevent these results|
and has met with some suc-
cess, they explained.

The engines might pick up) -

NACA engineer holds model of Mach 4 turbojet engine.

for A

(NACA), the top Government|

agency in basic air research.
NACA showed publicly for

the first time a $2,500,000]

rocket engine research facility

which was completed last|

August.
DIFFICULT PROBLEMS.
Officials said the fuel test
results have been encouraging.
but some difficult problems re-
main. These include:
]._ ger 1o personnel.
Boron compounds can be
quite toxic.
2—Combuslion deposits in-
side the engines, which
cut down on performance.
NACA officials explained
that while the petroleum fuels|
now burned In jet aircraft are|
relatively cheap, plentiful and

use of its hi toa whisper|
energy content per pound. today.
The agency said in a report| “rye National Advisory Com

to the triennial inspection that
a theoretical study of a Ram-|
jet missile flying at 60,000
fect at a s of 2,100 m.p.h.
indicated that the use of Boron
could extend the range 40 per
cent beyond that provided by
conventional JP4 jet fuel.

mitte¢ for Aeronautics
(NACA), which demonstrated
the sound suppressor at the
Lewis Flight Propulsion Labo-
ratory, said it was promising

Noise

been replaced by one with a by
deeply corrugated
by combining it with a short,
external barrellike duct
called an ejector.

The deep corrugations on
the inside wall of the exhaust
nozzle serve to break up the|
flow of the exhaust gasses and
slow them down. The exhaust
was slowed stll further by
the ejector which served 1o

but still short of
reality.

The device was demon-
strated on one of the six jet

mix this air with the exh:
fumes leaving the plane. |

Sanders said
could cut the engine’s noise

interior,(only 1/16 that of the conven-
and made even more effective|tional engine.

engines of a
bomber.

The conventional round ex-
haust pipe of the engine had

B47 medium
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Use of Atomic Airplane
for Defense Questioned

A top sclenctist of the Na-
tional Advisory Committee for
ques-
the  atomle-
red plane would ever be

Aeronautics  yesterday
tioned whether

led for U.S. defense.

pulsion Laboratory,

newsmen.

“There is no question but
that one could be made to fly,”

Silverstein stid.

. He asserted the project

NEWPORT NEWS TIMES HERALD
Newport News, Virginia
Octover 8, 1957

[ 1onic rockET PoweR FLARNED Lavair dats

Model Of Manned Space

Ship

By ANSEL E. TALBERT
Herald Tribune News Service
CLEVELAND — A hitherto se-

cret working model of an jonic
yocket — a new propulsive sys-
tem intended for manned space
ships and earth satel

shown

curmm. rch uds

lhw thalbglgh - nylng nln:r?n
ram - jet ennnel can be

built to transy human passen-
m 2,600 miles an hour — four

es the speed of sound. The
NACA is headed by Dr. James

Revealed B

NACA

A Doohv.x lnrmer Air Force
lieutenant gener:
An fonic mdcl, known also as
electrical particle accelera-
lnr will make possible speeds of
greater than 25,000 miles an hour
la of time in out-
ond the unh s
gnvimml field, accordin
ientists working on the pro.
‘mo ionic rocket, as demon-
strated here in model form,
works on the principle of accel-
e;numn; lons — atoms with some

50 as to give
charn — by application of elec-
or maguetic fields. Alter
|hh treatment, the fons issue out
of ."thlntm; {ocket in the samt}
way that hot gages roar out ol
the exhaust of a conventional jet
or chemical rocket engine.
Dr. Abe Silverstein, associate
director of the Lewis

it Pro-

pulsion hhormry Ialt !I?;l

e

opulslon for space

shlns inclu ing “‘direct nuclear
powe:

The ionic rocket is expected

by NACA_scientists to operal oo

flight on small amounts of fuel.
Dr. Silverstein indicated that nu-
do:r power or solar power, tak-
en directly from the sun's rays,
could be harnessed to drive lm

erators which prndlxt the
trical fields necessary to uccel-
erale jons to speed at which they
would drive a space ship to the
moon or some other location in

outer space.

The NACA up to now has not
with the

Abe Silverstein, associate di-
rector of the Lewlis Flight Pro-
discussed
the nuclear-powered plane with

xhould go forward for “re-
search purposes” even If the
pl,nne did not figure in future
defense. Many experts have
claimed that the quided missile
will make manned alrcraft ob-
solete for warfare.
Model Shown
Visitors at the triennial In-

spection - at Lewis lab were
shown a model of a high-alti-
tude turbojet airplane that

someday will be [lying at four
times the speed of sound.

NACA scientists also said
they were doing some research
on aircraft with potential
specds up to 25,000 miles per

hour. These would be used for
“space flight.”

‘The planes to fly at speeds
greater than 2,600 miles an
hour would be powered by ram-
Jet or rocket engines,

The tists even spoke of
their research with jons as an
“attractive” propulsion device
for flights into outer space.

Ions are tiny bits of matter.
carrying electrical charges
formed when an electron is
added or removed from an
electrically neutral atom.

Great Potential

‘The scientists said that if a
stream of jons could be acceler-
ated to high velocities by use of
electric or magnetic fields their
energy could give thrust which
might propel satellites far be-
yond the earth's atmosphere.

A less exciting topic also re-
celved considerable attention: a
noise suppressor for jet engines.

One of the gadgets was dem-
onstrated on an engine of a
B-17 bomber. It reduced the
“noise power” of the engine to
about one sixteenth of an en-
gine without the suppressor.

But the device weighs sev-
eral hundred pounds and would
be “completely unacceptable”
to jet plane users, said Newall
Sanders of the Lewis lab

. physics divislon.

Sanders sald that British and

U.S. manufacturers were work-
Ing on the problem together
and that similar devices weigh-
ing 40 to 50 pounds might be
expected.
In the field of high-energy
fuels, it was disclosed that a
ramjet lest missile burning a
boron compound has flown fast-
er than 2,000 mph.

Results from boron com-
pounds have been encouraging.
the scientists said. But the
compounds “can be quite toxic

te and the products of combustion

can produce deposits within the
engine whlch depreciate per-
formance.”

Fluorine Jooks “most desir-
able” of all oxidizers for rocket
engines.

“Fluorine’s reactivity w.ith
fuels is so strong and the re-

;zrdmary dullncullxu must be

current eanh s:uclhu- or Van-
United

en to completion by the Soviet
Union. The U. S. satellite pro-
lopmenl prvxrlm

engines, whnle nn
NACA’s prime job is one of
vanced research.

cessful Inkclmn of the fluorine
and fuel Into the burner
chamber.

“Fluorine - supported Tlames
may be 2000 degrees to 3000
degrees (Fahrenheit) hotter
than oxygen-jet fuel flames.
which reach 3000 defrees
(Fahrenhelt).”

October
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scoop outside alr through
vents forming the ouler side
of the corrugations, and to

il
this device|

13 decibels, reducing it tol
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U. S. Reveals a Model

Of Space-S

By Ansel E. Talbert
Milltary and Aviation Editor

CLEVELAND. Oct. 7T —A
hitherto secret working model
of an fonlc rocket — R new|
propulslve system intended for
future manned space ships and
earth satellites — was shown
today for the first time by the
Natjonal Advisory Commitiee
on Aeronautlcs.

‘The commlttec. then atlon's|
top scientlfic-research organi-|
zatlon in aviatlon. also revealed
that its current research proj-
ects show that high-flylng sir-
craft propelled by combined
pure-jet and ram-jet engines
can be built to transport human|
passengers 2,600 miles an hour|
—four times the speed of sound.

The N.A.C.A. Is headed by
Dr. James A. Doolittle, former|
Alr Force liteutcnant general

who holds a doctorate in aero-|

nautical science from Massa-|
chusetts Institute of Tech-
nology All its seventeen gov-|

(Continued from page one)

hip Rocket

erning members are sclentlsts
distinguished in some field of
seronautical research and ap-
pointed Jy the President.

An fonic rocket, known slso
as an electrical particle accele-
rator, will make possible specds
of greater than 25.000 mlies an
hour for Jong perlods of time in
outer space, beyond earth’s
5 fleld, 73
|scientlsts  worklng on the
project.

Dr. Abe Silversteln, assoclate
director of the Lewls Flight
[Propulsion Laboratory. one of
the three major resesrch estab-
lishments of the N.A.C.A.
which now has $100,000,000
worth of research facilitles.
[predicted today that the rate
of progress In jonic roket pro-
pulsion wlll depend directly on
the priority and research fundy
devoted by the government ta
pushing the project.

“The fonic rocket, as demone«
Continued on page 4, coiumn3

opment program based on ex--

isting fuels and chemlcal rocket

{engines, while the N, A. C. A's

prime ')‘nb is one of advanced
research.

During today's tour of the
Lewis Flight Propulsion Labo-

[ratories, an inspectlon held only

show that new high-energy
fuels for planes end missiles

as 40 per cent, it was disclosed.
boratory  sclentists also
disclosed that their confldence
that jet engines will be suitable
for flig]

times th

based on research on the ma-
and

ml.ne Was not dls—
closed by Dr.

jor engine

also on N. A. C. A. uulyseso(
future engine characteristics.”
A “mach 4” airplane (one fly-
four times the speed of
sound) will have to combline
advantages from the most
advanced concepts in aerody-

only would uy that 1t would
have to be drawn from some
light material which could be

cs, airplane and
power plants—all of which mu-
tually influence one another,
they said. And they also em-
phasized that certaln obstacles
still stand In the way of actual
design and development.

A Dew $2.500,000 additlon to
research equipment available to
N. A. C. A. seronautical sclen-

the fleld of this type of propul- zm.- lalizing in propulsion
sion.” He sald there were|—the Lewis Rocxﬁ Engine Re-
several other possible Facllity —was  shown

sources of | searc]
propulsion for space ships, in-
cluding “direct n power.”
‘The N. A. C. A. up to now has
not been ly connected with
the current earth satellite or|

. The Ameri:
can zatellite prolecv. ss dml

puhu:ly for the first time to-

day to representatives of the
alrcraft industry, the military
services and various lap scien-
tific organizations, The new fa-
nl.my wmlu sclentists to use

ull-sized in

wuw.ruuhtwmumwum-
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Pave Way Here
for Space Travel

By CHARLES TRACY, Aviation Editor
Vital research in the U. S. race to send American air-
men orbiting through space ahead of the Russians is
going on in NACA’s Air Lab at Cleveland Hopkins Air-

port.

Top scientists in this fan-
tastic phase of acronautlcs to-
day described their work to
the nation's air leaders in-
specting the 100-million-dol-
lar government research
{facility.

They disclosed that:

ROCKET RESEARCH is
being rushed to perfect high
energy fuel for launching a
man-carrying satellite de-
signed to orbit in space at an
altitude of 1050 miles.

SUPER-HOT t1emperatures
of 20,000 degrees Fahrenheit
are being created to simulate
friction of atmosphere on
space ships.

OUTER SPACE FLIGHT
propulsion devices using a
stream of ions for thrust are
being opes

Anzuons historic events
for 20 years have been pre-
dicted a decade in advance
by NACA experts.

Heat is their main barrier

for future accomplishment.
In tests it is melting the in-
sides of rocket, ramjet and
turbojet englne:,- it is burn-
ing away the wings and sur-
faces of planes and space
rockets at the speeds needed
for progress. New materials
and cooling systems are the
great need in today’s re-
search, they say.

Future aircraft will he ex-
posed to temperatures up to
30,000 degrees Fahrenheit
when re-entering the earth's
atmosphere. To study mate-
rials at such extreme heat,
new facilities were devised.

Highly, explosive fluid was
sprayed through an elecirie
arc with the resulting explo-
sion diregled through a
nozzle o produce a high-
speed stream aof whitehot
flame at 20,000 degrees Fab-
renheit.

Models made of various
heat-resistant materials then

g

SATELLITE MODELS w.th wings, designed to carry a
man 1050 miles up into outer space, are displayed to

NACA visitors C. C. Weismann (left),

and Lieut. C.

toddard, from the Office of Naval Research,
Washlngton by Rocket Engineer Edmund Jonash.
The winged models are man-carriers while the slender
model held by Lieut. Stoddard is a copy of the Van-
guard satellite to be launched next spring.

Octobe

model by

ATOMIC PLANE'S SHIELDING, made of lead and pua"m. is installed in test
NACA nuclear scientist, James Blue, for NACA visitors Capt. Russel!

La lois (center), of the Air Faye. research staff in Washington. and Air Com-

ore R. C. Cameron, R

were plaged in the searing
breath of such tunnels to test
their stamina.

fluorine gas is be.
ing u in fuel for rockets
designed to launch the man-
carrying satellite and for in-
tercontinental ballisuc mis-
siles. It is mixed with hydro-
gen. reduced to a liquid by
chilllng 19 425 degrees below

z6rQ- 5
The holter a rocket fuel
burns, the more power it has,

oyal Can

s2y the scientists. That’s why
they're using fluorine and
are determined Lo overcome
its dangeroys handling qual-
iues. Thoy say its flames are

dian Air Force liaison officer in Washington.

rocket at 50,000 feet over the
Atlantic Ocean. Top speed of
the rocket has been 7000
mph.

In future planes. turbojet

8000 degrees F., 3000 degrees engines will be used up 16
hotter lny other known 2600 mph, where ramjets
fuel. take over for faster flights

The best metals today,

however can enly take tem.
peratures of 3100 degrees F.

In fiight tests, NACA's
twin-fet Canberra bomber is
used to launch a two-stage

up lo 4600 mph. The air-
breathers stop there and
rockets, independent of air,
take over for flights on up
into thousands of miles an
hour iplo space.

PROGRESS IN REDUCING JET PLANE Nolslqne of aviation's major modern
problems—was demonstrated today at NACA laboratories. One engine of this 8-47

tet bomber created 12) decibels of noise when’ hre up. But another en
recorded onl
—slightly above the 100 decibels of a propelier-driven plane.

the same plane, equipped

flight test pilot, displays
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with a “'noise suppressor,’

he suppressor.

New Gadget on Tail End of Jet Engine
Cuts Roar to Comparatwe Whisper

CLEVELAND, Oct. 7 (8. — séarch on aircraft with poten-

new gadget on the tall end o! -mdltd here,
2 jet bomber’s engine cut the/made even

e of several designs being

more eﬂecuve b)
-n;meu throaty roar down to|combining It

the device was|tial speeds

with space flight.

of up to 25,000 MPH.

for
But the NACA

comparative whisper today.

The National Advisory Com-
mittee for Aeronautics, whlch
demonstrated the sound r-

pressor at the Lewis Flight
Propullhm Labanlnry. said it

was perhaps the mml promis-
ing device ol its kind, If de-

veloped, but s still far from
practical reality.

Newell Sanden. chief of the
laboratory's physics divislon,
told visitors that so far as the
Jet plane % nolu prablem is con-
cerned, e solu-
tion is nol l y, and that
we can look lorward w greatly,
reduced engine noise."

The device was demonstrated
on one of the slx jet engines
of a B-47 medium bomber
parked  beside 1 laboratory
building.

Corrugated Interior
The conventicnal round ex-
haust pipe of the engine had
been replaced by one with a

most as_ though
inner wall had been fitted with
somewhat flattened organ pipes.

external barrel-like dutl ul!ed
an eje:tnr
deep corrugations on the
inside wall of the exhaust noz-|
zle serve to break up the fiow,
of the exhaust gasses and slow|
them down.
The speed of the exlmm
emerging
engine was slowed still Xurlher

by the ejector which served to|milita

scoop outside air through vents
forming the outer side of the
corrugations, and to mix this

air with the cxhnun fumes | cool

lnvlnl the plan

The scientists lomnt high-
altitude turbojet aircraft would
some day be flying at four times
the velocity of sound and un-
veurd 2 model of such a “mach

as
experimental plane at abwl
nu: 3—three times the veloc-
ity of sound.

n 'An jm 10 years ago this
month that the Air F

officlals sald planes beyond the

mach 4 — 2,600-MPH — range
would not be turbojets but
:lher r.mjeu or rocket - pro-

Abe Sllvenltln assoclate di-

rector of the laboratory, de-

clined to say definitely whether
2 "mach 4” plane could be us
for commercial flylng as well as
Ty  purposes.

Serious Problems

He said lhen would be serl-
ous prnblems, such as how to
passenger compart-

NACA officials told of thelr
work on lons as “an attractive
propulsion device” for
space flight. lons are tiny bits of
matter, carrying electrical
Chll'!!l rmed when an elec-

ated to huh velocitles by use of

outer |

orce
the sound barrier with the X-1.|
m;r’hn scietists disclosed that!

electric or muneun (Ieldl. thelr
ight 1 Lo Tll"' in ﬂlhh

m| propel satellites ights|

even are doing some re- beyond the earth’s atmosphere.

energy could

ine of
107 decibels
arren North,

P

“IOISE SUPPRESSOR—An experimental tur-
wirjet noise suppressor nozzle mounted on
@ J-47 engine of a B-47 Stratojet on dis-

NEW YORK HE
Octobe
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U. S. Reveals a Model
Of Space-Ship Rocket

By Ansel E. Talbert
Military and Aviation Editor
CLEVELAND, Oct. 17—A
hitherto secret working model’
of an fonic rocket — & new

propulsive system intended for|as

future manned space ships and
earth satellites — was shown
today for the first time by the
Natlonal Advisory Committee
for Aeronautics.

The committee, the nation's|Sc!

wp scientific-research organi-
zation in aviation. also revealed
that its current research proj-
ects show that high-flying air-
craft propelled by combined
pure-jet and ram-jet engines
can be bullt to transport human

erning members are scientists
distinguished In some field of
aeronautical research and ap-
pointed by the President.

An lonic rocket, known also
an electrical particle accele-
rator, will make possible speeds
of greater than 25,000 miles an
hour for long periods of time In
outer space, beyond earth’s
gravitational field. according o
fentists working on the
project.

Dr. Abe Sliversteln, assoclate
director of the Lewls Flight
Propulsion Laboratory. one of
the three major research estab-
lishments of the N.A.C.A,
which now has $100.000,008
of research 'raciities,

2,600 miles an he

—four times the speed of sound.||

The N.A.C.A: Is headed by
Dr. James A. Doolittle, former
Alr Force lleutenant general
who holds a doctorate in aero-
nautical science from Massa-
chusetts Institute of Tech-
nology. /  its seventeen gov-

predicted today that the rate
of progress In lonic rocket pro-
pulsion will depend directly on
the priority and research funds
devoted by the government to
pushing the project.

The lonic rocket, as demon-
Continued on page'4, colt wn 3

Space Ship-Rocket Model

(Conlin\‘wﬂ from page one)
strated here this morning in
model form, works on the basic.
principle of accelerating fons—
atoms with some of thelr elec-
trons stripped off 50 as o give
th positive charge—by ap-
plication of electrical or mag-
netic flelds. After this treat-
ment, the lons issue out of an
lonic rocket in the same way
that hot gases roar out of the
exhaust of a conventional jet
or chemlcal rocket engine.

‘The fonic rocket is expected
by N. A. C. A. propulsion sclen-
tists to operate for extremely
long periods in space flight on
small amounts of fuel.- Dr. Sil-
verstein indicated that nuclear
power or solar power, taken di-
rectly from the sun's rays,
could be harnessed to drive gen-
erators producing the electrical
flelds necessary to

opment program based on ex-
isting fuels and chemica} rocket
engines. whilo the N. A. C. A's
prime job Is one of advanced
research.

During today's tour of the
Lewis Flight Propulsion Labo-
ratories, an inspection held only
once every three years, the
N. A. C. A. announced that its
experiments “in actual flight
on full-scale ram-jet engines”
show that new high-energy
fuels for planes and missiles
are In the olfing. These should
be capable of increasing the
range of supersonic aireraft
and guided missiles by as much
as 40 per cent, {* was dfsclosed.
Laboratory sclentists also
fdisclosed that thelr confidence
that jet engines w!ll be suitable
for flight speeds up to four
times the speed of sound “is
based on research on the ma-

fons to the speed at which they
would drive a space ship to the
moon or some other location In
outer space.

‘The source of the stream of
lons to be used In a full-sized
fonic rocket mxlnc was not dis-
closed by Dr.

Jor engine mpor and
also on N. A. C. A, analyses of
future engine characteristics.”
A “mach 4" alrplane (one fly-
ing four times the speed of
sound) will have to combine
the advantages from the most
|advanced conccpu in nerod)'~

only would say that it would
have to be drawn from some
light material which could be
lonized at low temperatures.
|He emphasized that although
the N. A. C. A. had a working
model of an jonic rocket en-
glne, the present should be con-

sidered as “an early perlod in
|the fleld of this type of propul-
sion.” He also said there were
several other possible sources of
propulsion for spice ships, In-
Icluding “direct nuclear power.”
| The N. A.C. A. up to now has'
not been closely connected with
lhe current earth satellite or
project of the

{power phnu—lll of which mu-
tuslly Influence one another
they said. And they also em-
phasized that certain obstacles
still stand in the way of actual
design and development.

A new $2,500,000 sddition to
research equipment available to
N. A. C. A. aeronautical scien-
tists speclalizing in_propulsion
—the Lewls Rocket Engine Re-
search  Facllity —was shown
publicly for the first time to-
day to representatives of the
alreraft industry, the military
services and various top sclen-
tific organlzations. The new fd-
cility permits scientists to e
full-sized rocket engines”

y|their search for means to uul-

ize new high energy propellants

a
l.h Soviet Unlon.
‘un satellite vm]ect is & devel-

play ot the National Advis

now under development.

AP Wiresho:
ory Commityy

for Aeronautics Lewis Flinht Propulsion

Laboratery, Cleveland.
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IROAR BECOMES WHISPER

-

Cleveland (AP)—A new
gadget on the tail end of a
jet bomber's engine cut the
engine’s throaty roar down to
a comparative whisper yes-
terday.

The National Advisory
Committee for Aeronautics,
which demonstrated the sound
suppressor at the Lewis Flight
Propulsion Laboratory, said it
was perhaps the most promis-
ing device of its kind, if de-
veloped ,but is still far from
practical reality.

Newell Sanders, chief of the
laboratory’s physics division,
told visitors that so far as
the jet plane’s noise problem
is concerned, “we feel that
the solution is not far away,
and that we can look for-
ward to greatly reduced en-
gine noise.”

THE DEVICE WAS dem-

Model Turb0|

=

An  experimental turbo-jet noise
suppressog noxzle mounted on a J-47
engine of a B-47 Stratojet was on dis-
play yesterday at the National Advisory
Committee for Aeronautics Lewis Flight
Propulsion Laberatory ot Clevelond, O.

Jet No:se War Shoews Progress

e

onstarted on one of the six
jet engines of a B-47 medium
bomber parked beside a lab-
oratory building.

The conventional round ex-
haust pipe of the engine had
been replaced by one with a
deeply corrugated interior, al-
most as though the smooth
inner wall had been fitted
with somewhat flattened
organ pipes.

One of several designs
being studied here, the device
was made even more effec-
tive by combining it with a
short, external barmel-like
d\m called an ejector.

e deep corrunuons on
ths lmlda wall of the exhaust
nozzle serve to break up the
flow of the exhaust gasses
and slow them down.

The speed of the exhaust

emerging from the airplane

IS

Engine

CLEVELAND, Oct, 8.—An
theoretical turbojet engine desig:
of sound) range. Scientists ot Lewis
Flight Propulsion Laboratory here said they ar
working turbojet engine can be built despite

(four fimes the speed

obsfac ns
*

—(AP) WIREPHOTO
:.?inur holds & model of a
for speeds in the Mach 4

confident o
"formidable

*

Ion Bombardment I\;Iay'

Serve As Power Source

For Future Space Ships

rands of miles an hour once they
3 have reached wwr npaa

Coupled with
such vehicle mU’II lnw vsmull.v

a small pinwheel inside a glass
vacuum-jar with an invisible
stream of ions today and mi
it whirl briskly.

same lon-stream principle,

NACA sald, some day may be sion Laboral
ing top sclentists to

harnessed to push 10-ton space
ships moonward at many thou-

unlimited range.

this week.

Flight
which is attract-
Cleveland |be

Difficulties ore encountered in the de-
sign of such nozzles, 1o keep drag,
weight and engine performance penal-
ties at @ minimum while at the same
time accomplishing the desired noise
reduction. (AP Wirephoto)}

engine was slowed still fur-
ther by the ejector which
‘served to scoop outside air
through vents forming the
outer side of the corrugations,
and to mix their air with the
exhaust fumes leaving the
Pigpoe.

THE SPECTALLY fitted
engine was run up first, and
emitted a modest amount of
noise, Then one of the other
General Electric J-47 engines
was operated without the
equipment to demonstrate the
difference.

Sanders said this device

could cut the engine’s noise matter.

by 13 decibels.
He said this meant that the
noise power of the specially

Aviation U)LY

. TREWNED

Qctoter 8,
KACA FACILITY auUnKS ON FACH

The National Advisor: Cucmittee [or Avronautics urnourced {ts Lewis Flight Br .-
pulsion Laboratory in Clevelsnd i{s now -orking on the preliclinary development of o
Mach b turbojet engine capable of driving an aircraft 2,600 =ph at high altitudes.

Occasion of the NACA announcement wags the triennial inspection of te $100,000,00°
Levis Research facility -- one of the three major NACA facilities. Lewis conducts
research in all advanced areas of aircraft and missile propulsion, ircluding turto-
Jets, ramjets and rocket engines, fuels and oxidizers, stru.tural materials anc oper-
ating problems.

Reporters sttending the inspection were told that a Mach 4 turbojet engine
might have only a three-stage compressor, compared 1o the 12 Lc 19 stages in prceent
engines, sand that it would have much & smaller combustor sectiion than present power-
plants, leading to considerable compactness.

Buch a high-speed engine would require variable air i{nlets and exhaust nozzles
in order to operate over the broad range o opeeds froo tuse I Lo Mach &, Without
such varisble geometry, NACA said, the engine vould probably be umable to Jly faster
thap Mach 1.4 and the takeoff itsel? would % "zarginal.”

“Although it appears that aerodynamics and combustion principles of a Mach 4
engine are being worked out, practical construction will be difficult becmuse of the
bigh temperature enviroopent in which enginc components mus:i opcrate,” NACA said.

“The compressor tempersture of a Mach L turbojet 1s so high that its construc-
tion will reqguire the use of &lloy currently being used for turtine blades,”

High Ran Air Temperatures Troublesome

NACA scientists explained that the high rem temperatures encountered by a Mach 4
engine,about 1,200°F.,v1ll be principally responsible for the more difficult materials
involved in such an engine. While the strength and temperature of compressar blades
mist be increased, the turbine blades themselves might have e¢ven greater strength an!
temperature resistance. Bngine bearings and seals also present difficult problems
Decause of the high level of ram air temperatures.

NACA also disclosed that it has conducted successful test flighte at i{ts Wallops

Island, Va. research station vith experimental ramjet vehicles buraing algh-energy
boron-compound fuel. Ome vehicle attained e velocity “greater than & Mach number of
3 NACA said.

The Levis Laboratory is giving considerable attention to the problem of hyper-
sonic flight--at speeds of more than Mach 5, or 3,30Q mph. At this speed, NACA said,
air temperatures reach 2,000°F. on engine surfaces, dhile at Mach 7 they reach 4,000° F.
Kich research is nov directed at the problem of cooling engines operating in these
speed ranges, including the poseibility of using fuel as & coolant.

The Levis laboratory also shoved off a $2.% million rockel engine research fg-
ctlity coopleted in August. It will permit tests cf rocket engines up to 20,000 1bo.
in thrust and vill be particularly valuable in the study of higher energy rocket pro-
pellants like fluorine and liquid hydrogen.

Other arges under study at Levis include:

1 - Jet noise - experiments are aimed at the redesigning the exhaust nozzles of
Jet engloes to reduce the velocity of the exhaust jet and thus cut noise. Ooe promis-
log area is the posaibility of designing engines with lower jet velocity im combipa-
tion vith special nozzle shapes to minimize exhaust turbulence.

2 - Operating problems - Jet engines create vortexes at the inlet which behave
like gigantic vacuum cleaners and guck up ell manner of dirt, tools and other foreign
NACA 1s studying various methods of avoiding engine damage of this type.

3 - Materials - NACA vants to increase turbojet englne operating temperatures
from the present 1,650° F. to more than 2,000° F. within the next fev years. To

fitted engine was only 1-18th | gchieve this, Dev, more heat-resistant materials are necessary. Levis is nov look-

that of the conventional en-
gine.

The physicist explained that
the greater part of the noise
of a jet engine comes not from
the flying.of its compressor
blades or the rapid combus-
tion of fuel but from the mix-
Ing of the exhaust jet with
‘e atmosphere.

He said the hot gas and air
roll up into jrregular swirls
producing fluctuating pres-
sures that radiate sound
waves..

1In order to simulate lhemﬂnl
temperatures which will be ex-]

perienced by aireraft and power|
plants at extreme 5

ing into & variety of possibilities for getting greater heat-reatstance, including
the use of ceramics, nev alloying methods and nev kinds of alloys which resist oxi-
dation.

San Jose Evening News Tuesday, Oct. 8, 1957 15

r an earth satellite t0

away from the carth’s

peeds,
has developed a research wol the] eacape into space.
Krasni

can said the model of

an lon engine “'may be one more

link In the chaln of events lead-
ing to future space flight.’

Abz Silverstein, asseciate direc-

of the Lewis Laboratory, said

is an attractive

energy
possibility for mgm prvp\llr.lcn

because of
mtrxle: -vur-ble in uch pwnd
uel and the very high tem-

an| per-uu-e: mu may be l“uncd

in a repurl made public at the|
demons|

high velocities by use of
or magnetic fields, a smalll
it of thrust will be

amount
duced.

atmosphere a vehicle would re-
quire only slight power in small
increments, to accelerate a great
de:

“For * he sald. “a 10
o0 Wekicle T cuter space, pow-
sred by 10 pounds of thrust for
only one month, would increase
s original wtoc(ly by 25,000
miles an hour.”

Such a vehicle before its jon

an hour, which is the minimum

"0 a ety of fons, as in an|the damaging effect of rldJonn
ere jet, can be accelerated tojupon airplane materials.

pro-

Ions are tiny bits of. matter—,
atoms which have been stripped
of some of their electrons and| purpose?
have become electricallyl

charged.
Physicist M. J. Krasnican ex-] atomic airplane was still "'in
plained that beyond the earth’s| early stage of growt

He sald the major disadvan-
tages are the heavy :memx

and

““There is 1o question but that |

. S
“The question is, for what pur-
pose do we want the plane and {
will It be satisfactory for that

Asked when such a plane might

be developed, Silverstein said the

Goal—Noise Reduction

Cleveland, Ohio. Difficulties are en-
countered in the design of such noz-
zles to keep drag, weight and engine
penalties at a minimum while at the
same time accomplishing the desired
noise reduction. (AP Wirephoto)

An experimental turbo-jet noise
suppression nozzle mounted on a J47
engine of a B47 Stratojet was on dis-
play today at the National Advisory
Committee for Aeronautics’ Lewis
Flight Propulsion Laboratory at
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ATOM EFFECTS—During triennicl inspec- LAB SKY—Simulating high- atmosphere is this ~ WIND TUNNEL—Emphasis at Lewis is on air  NOISE MUFFLER—Many La glcy NACA of-
tion of Cleveland NACA, cloud chamber re-  rocket-missile experiment. Dr. E. R. Sharp, a  propulsion. Here, scientists prepare an aircraft  ficials are at Lewis inspection and will see model

model 1o test in 10 by 10 2,500 mob tunnel. of turbojet moise suppressor, here on engine.

>N

search shows how radiation affects aircraft, native of Hampton, headed Lewis research.
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NACA Lectures
Concerned With
New Engines

New engines with high strength
nl extreme lemperatures general-
in hyyersomc ﬂlght was one
o! the major points "ﬁ cussed
at the trienniel inspection of the
)‘.aw»s Laboratory of the National
Advisory Committee for Aeronau-
ties ln Cleveland 0.

The inspection, nmlhr to the ooe
held Jast October at ley Au
Force Base for the NA
drawn a pumber of local NACA

officials.

Director of the Lewis Lab, which

%mnwsﬁdg the eurly 1940's,
is Dr. Hamptoo
i e e
A at ley wi as
been director at the Lewis Lab
since it was established.

structure .
changes, causing it fo creep or
deform. By l&mﬂ the atomie
structure of the materials In place
with refractory particles that do
not melt, deformation can be pre-
ven! of convenlwnal
metal alloys dissolve these parti-
cles and thus lose strength under
intense heating, but there are
others that possess greater heal
ce and chemical inertness.
Mixtures of small amounts of fine-
ly divided aluminum oxide in nick-
el are being studied as one means
of lmnrwmg heat strength. In the
Lewis promm, it was
found u:al this type alloy e
tains strength at sl(nll‘icnmly hl;h-
ec lemperatures, * no
brittleness

‘occurs,
Columbium, tungsten, and other
hmundmlx point base metals. of-
fer another approach to the heat-

shl! another means of combatting
problem. These
h;vc worthwhile resistance to heat-

Tnissile re-emjy, and in propulsion

may be inherently ductile exoql
for surface imperfections. Some ol
the investigations of lhh |ubM
in the laboratory hlva shown,
a limited way, that elimination u(
surface imperfections can help
maintain  ductility. By surface
treaummt of single crystals of
gnesium mde and  sodium
chlorldn ductile ceramlics hnvt
eated in the Lewis labora-

lury.
research on the whole
problqn of heat resistance in ma-
terials remains to be accomplished,
the Lewis spokesmen said in their
demonstration. Although results
have been enconmzlm. comder
able more work
before the highly ndvnm&! mate-
rials for use in engines or struc.
tural aircraft and missile parts
will be available.

New Gadget "

Cuts Down
Jet's Roar

CLEVELAND, Oct. 8 (2P}
A new gadget on the tall
end of a
engine cut
throaty roar
comparative whisper this
week.

The Nationa! Advisory Com-
mittee for Aeronautics, which
demonstrated the sound sup-
pressor at the Lewis flight-
propulsion laboratory, said
it was perhaps the most prom-
ising device of its kind,

The device was demon-
strated on one of the six jet
engines of a B47 medium
bomber parked beside a Ja-
boratery building.

The conventional round ex-
haust pipe of the engine had
been replaced by one with a
deeply corrugated interior,
almost as though the smooth
inner wall had been fitted
with somewhat flattened or-
gan pipes.

One of several designs be-
ing studied here, the device
was made even more effec-
tive by combining it with a
short external barrel-like duct
called an ejector.

The dcep corrugations on
the inside wall of the exhaust
nozzle serve to break up the
flow of the exhaust gasses
and slow them down.

Sanders said this device
cut the engine’s noise to only
one sixteenth that of the con-
ventional engine,

E—
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The gadget mounted on the J-47 en-
gine of this B-47 Stratojet cut down

the typical jot roar, but u;cr
said the device is not yet practical.

FUEL RESEARCH—Ma]or Lewis Lab ef-
fort of NACA in past decade has been re-
search in high energy fuels for all aircratt.

r g, 195

Predict Manned Planes at 25,000 MPH

Al

AIRPLANES OF THE FUTURE will loo< like these sketches of NACA models.
The ramjet (left) will succeed the turbojet (right), then comes the hypersonic
rocket (center) cruising at 25,000 mph.

By CHARLES TRACY
Avistion Editor

Evolution of the manned
alrplane from the fading tur-
bojet to the 25,000-mph rocket
was foretold today by scien-
tists at the NACA Air Lab,
Cleveland Hopkins Airport.

They saw the end of the
development of the turbojet
engine within a few years, ad-
dressing 2000 -of the nation’s
aeronautical experts, here this
week to inspect Lewis labora-
tories.

The present furbojet fight.
er plane has ncarly reached
the peak of its development
today, the aviation scientists
a

Refinements during the
next few years will speed 1t
up 2600 mph but that's about
the limit for pure jet engines.

Ramijets Next

Ramjets will follow the tur-
bojets and speed planes from
2600 to 4600 mph.

Getting its power and its
name from air rammed into
its front end, the ramjet has
no moving parts, becomes
more powerful the faster it

goes.

But the ramjet doesn’t start
producing until boosted along
at 500 mph. It must fly with-
in air regions of the earth.

NACA experts suggest twin
rocket engines be used for
Jaunching the ramjet plane to
the 500-mph starting speed.
As the rockets are expended
and dropped away, the plane
{lies free on its ramjets.

Continuing up the corridor
of continuous flight, scientists

have designed a “hypersonic” its engines will have to be the dying turbojet engine Ir
aircraft to {ly 25,000 mph at made of metals or ceramics airliners, cargo planes and
altitudes of 50 to 150 miles. not yet discovered to with- private commercial craft will
These will reach orbital speed stand the heat inside and out. continue for many years, the

75 miles up and can cruise
like satellites. But they have
delta wings and control sur-
faces to fly back to earth.

These will be powered by
rocket engines using new
high-energy fuels still to be

eveloped.

Temperatures of the new
hypersonic craft will rise to
3000 degrees Fahrenheit as it
drops back into the earth’s
atmosphere. The plane and

More conservative uses for scientists predict.
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KING-SIZE
PROPULSION

Earlier this month, in Cleveland,
Ohio, the National Advisory Cowm-
mittee for Aeronautics played host
to a group of the Nation’s leading
scientists, educators and writers at
their Lewis Laboratory.

One of three NACA labs which
are opened for a select audience on
a rotating tricnnial basis, Lewis Lab
is concerncd direclly with experi-
mental propulsion systems—turbo-
jet, ramjet, rocket, and nuclear.

Operational altitudes of 150 miles
and speeds in excess of 25,000 m.p.h.
were among future possibilities dis-
cussed during the tour. Strangely
enough, contrary 10 the majority of
present day opinion concerning a
declining need for aircrews, these
figures were advanced for manned
space satellites.

Amonyg top attention-gellers was
a detailed discussion of high energy
aircraft fucls ranging frowm horon-
hydrogen cowmpounds, reputed to
possess necarly double the thrust
capabilitics of present fucls, to ionic
drive. Power sources included solar
energy and nuclear reaction.

Closer to the realn of present day
working hardware wae the talk cen-
tering around turbojet engines. Pre-
vious conclusions had placed their
top speed capabilities a1 Mach 2.5.
Lewis scientists now cxpress confi-
dence that a Mach 4 (2,600 m.p.h.
at altitude) powerplant could sue-
cessfully be constructed and placed
in opcration.

The Lewis Flight Propulsion Lab,
named for the late Dr. George Lewis,
first dircetor of NACA, was estab-
lished in 1941 adjacent 10 Hopkins
Airport. It boasts a staff of 2,700
professional and technical employ-
ees, and is headed by Dr. Edward
R. Sharp. *

Ociober 1957

Theoretical Mach 4 turbojet, based on a composite of advanced ideas.
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2,500 Tour
On 4-Day

By NORMA

During a coffce break in the
morning 1our. Doolittle comment-
ed that the Russian's earth circl-
ing satellite Is both “bad and
good.” “Bad, because of their
progress.” he sald because Amer-
ican scientists were not first, but
good because it will “shake us
loose from our complacency.”

Doolittle spoke complimentar-
ily of NACA sclentists and en-
gmeexs. describing the wonders

ot alrcraft research on display.
“With such as these, how can
we miss?” he said.

Doolittle is chalrman of the
National Advisory Committee for |
‘Aeronautics. Lewis Laboratory is
one of three major research es-
tablishments operated by the
NACA. Created by Congress in
1915, NACA is the top aeronautic-
al research organlzation of the
federal government. Doolittle is
chairman on NACA's board of
directors whose 17 members are
appointed by the president of the
United States, and serve without
pay.

Men Needed

10 a change of service and com-
paring war-time activity to the
present, he pointed to the future
plans in guided missiles, remark:
ed “It's hard ' 1o conceive,” he’
said, “but it still depends on men.
Can't do anything without them.”
During the four-day program,
at least 2,500 persons toured NA-
CA to see the increased opera-
tion efficlency, turbo-jet, rocket
and ram-jet propelled aircraft
demonstrated by cut-away sec-|
tions and models of actual air-
craft, or simulated tests.
of the more vividly demon- |
strated tests was the noise sup-|
pression program where a dial

(noise indicators) both with and
'without suppression equipment.
The fmportance of the results of |
these tests are awaited by com-
mercial airlines as well as gov,
ernment installations. The roar
of jets cut down scientifically is
of great importance to the com-

d.meu taster than lhll of sourid
'3l be common, are also being
itested for durability and endur-
ance.

The necessity of using heavy
shields in planes using nuclear
fuet, because of radiation. Is an-
other problem to be overcome.
.Scientists are now working on a
light, but effective shield that

Capt. Rickenbacker, referring "

indicates the number of decibles| /

ELEGRAM
Ohio
1957

NACA
Inspection

HIGGINS

James “Jimmy” Doolittle and Edward V. “Capt.
Eddie” Rickenbacker were among the 2,500 persons who
toured the Lewis Flight Propulsion Laboratory (NACA)
during the triennial four-day inspection last week.

nuclear fuel. One pound of nuc-
lear fuel will produce approxi-
mately the same amount of en-

ergy as 2 million gallons of pre-
sent-day aircraft fuel. |

Miustrated Lectures [

Included in the tour were fllus-
trated lectures on aircraft hoise
reduction, p-opulsion research for
hypersonic flicht, high energy
rocket propellants, aircraft nuc-
lear propulsion, research news-

reel of the eight by six foot super-
sonic wind tunnel, high energy
aircraft fuels, high temperature
materials, and a visit to the high
{temperature 10 by 10 foot super-
sonic tunnel.

A $25 million addition 1o re-
séarch equipment available to
INACA  aeronatucial scientlsts.
the Lewis Rocket Engine Re-
scarch Facility, was shown pub-
licly for the first time. Complet-
ed in August, the facility was
viewed by representatives of the
aircraft industry, military serv-
ices, government and sclentific
organizations during the inspec-

The new facility permits scien-
tists to use practical-sized rocket
engines in their search for means

.|to utilize new high-energy rocket

propellants. This versatike re-,
search tool also allows realization
of economics galned through use
of low-cost fuels during initial
studles of design ideas before in-|
vestigations are made with
scarce, more expensive fuels. |

Y NAVY AIR F
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NACA Scientists
Cite Mach 4 Speeds
High-flying turbojel-propeliéd aircraft

traveling at speeds up to four times the
velocity of sound—about 2600 mph at

altitude—are envisioned by scientists of
the National Advisory Committee for
Lewis Flight Propulsion
Cleveland, Ohio. At the

s week
rch which
et has Mach 4

nial Inspection t
is scientists discusses S0
ates that the turh
speed capabilities.
Formidable obstacles stand in the way
of actual design and development of a
turbojet capable of nearing the hyper-
sonic speed region, but Lew

twill allow for adequate or increas-
ed fuel or pay loads on alr car-
riers, and yei allow the use of

U.S. NEWS & WORLD REPORT, Ocr. 18, 1957

who have conducted extensive r
on aircraft propulsion systems and their
components are confide! hat a Mach 4
turbojet can be bullt

During the 15 years since the turbojet
engine was first flown in the United
States, significant progress has been
made in its development. The United
powered
t abo
twice the speed of sound. Even faster
planes powered by turbojets are in the
experimental stage.

A large portion of the Lewis research
effort has been expended on the study of
turbojet engine problems. In comparison
with gas turbines in existence at the end
of the war, today's engines have more
than three times the power; at least twice

n

the efficien:

Now Science Has a Way
To Cut Noise of Jets

CLEVELAND—Earsplitting noise may
cease to be a feature of the jet plane if a
new device fulfills its promise.

The noise suppressor was demonstrated
on one of six jet engines of a
bomber last week by the National Ad-
visory Committee for Aemn.mucs. The
device is a sort corrugated  exhaust
pipe with a special “ejector” |h1( slows
down the flow of exhaust gases.

NACA scientists at the lawu F'hghl
Propulsion Laboratory said the suppres-
sor cut noise by 13 decibels—or the dif-
ference between the noise made by .
jot plane and the noise of a propeller-
driven Constellation

and far more dependability.

An important factor In the success of
any Mach 4 turbojet engine will be the
design of inlet and exhaust systems. Al-
though the basic turbojet may be capable
of producing more than enough thrust
to satisfy flight requirements under ideal
conditions, thrust can be dissipated
Installation details. Thrust is redu
primarily by pressure losses in air In-
take systems, drag due to inlet flow
condition, and shock or over-expansion
losses In the exhaust nozz
more, varlable Inlets and ex
will be necessary on an engine of this
speed capability, even though these
devices add weight and complexity. A
Mach 4 engine with fixed Inlet and e
haust nozzle may be unable to fly faster
than Mach 14. Takeoff itself would be
marginal

Considerable Mach 4 Inlet and exhaust
nozzle re rch Is In progress at Lewis,
Includin, a special program to deter-
mine the best principles for designing
inlets having high pressure recovery and
low drag over a range of flight speeds
up to Mach 4. Several research models
devoted to the study of the complex inlet
problem were shown during the Inspec-
tion,
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FIRST NACA study model of an ionic propulsion unit drives a small turbine (right) to show it is producing thrust (about 174,200 Ib.).
Uit is operating inside an evacuated bell jar. Schematic of its operation is shown at leit.

How NACA Views Future for Propulsion

By J. S. Butz, Jr.

Cleveland, Ohio—Present  problems
and future development possibilities of
aircraft and space propulsion systems—
including Mach 4 turbojets and ionic
cngines—were discussed here during the
Triennial Inspection of the NACA's
Lewis Flight lgmpulsion Laboratory.

The ionic engine, a low-thrust power-
plant for use in space, is a fundamen-
tal investigation and the project is in
its infancy. But it has the same long
range purpose as all NACA work: to
provide basic data which can be ap-
plied to actual design problems by the
nation’s engineers.

Other activity in progress at the
Lewis Laboratory:
® Turbojet operation up to Mach 4.

* Hypersonic propulsion fabove Mach
5)-

® High temperature materials.

*High energy fucloxidant combina-
tions for rocket engines.

® High energy fuels for air-breathing
engines.

© Atomic powerplants for aircraft.

® Turbojet noise.

Mach 4 Turbojet

NACA believes that the speed capa-
bility of turbojets, once thought to be
limited to subsonic levels operation-
ally, can be pushed to about four times
the speed of sound—about 2,600 mph.
at altitude. This speed, NACA
lieves, may be the ultimate capability
of turbojets.

This Mach 4 engine will differ sig-
nificantly from today’s turbojets. Its
inlet and exhaust systems will have to
have variable geometry to maintain ac-
ceptable efficiency over its whole oper-
ating range.

c engine’s effective thrust can be
severely limited by pressure losses in

AVIATION WEEK, October 21, 1957

be zero. However, this docs not mean
that the engine can no longer produce
thrust.

At a flight speed of 6,300 mph, all
of the air entering the combustion
chamber has been heated to its dissocia-
tion temperature. The cnergy released
by the burning fuel is all consumed in
the dissociation process, which splits
the bonds holding the atoms of the vari-
ous gas molecules together. The only
way to recover the fucl cnergy con-
sumed by dissociation and make it pro-
duce usable thrust is to have the atoms
rccombine into their molecules within

MACH 4 turbojet model reflects NACA studies. It has variable geometry inlet and exit,
three stage compressor, and very short combustion chamber and afterburner.

150

100

FLIGHT"

SPECTRUM

INSUFFICIENT LIFT

ALT. PRESEN
; CORRIDOR OF  ORBITAL SPEED
MILES FLIGHT . . CORRIDOR OF
50 FLIGHT

AIRFRAME TEMP. OVER 2000°F

the air intake system, drag due to air
spilling out of the inlet, and improper
cxpansion in the exhaust nozzle. These
ccts can be minimized at all speeds
with variable geometry systems.

The compressor section will have
perhaps three rotating stages compared
to 12 or 15 for some of today’s engines.
Ram compression in the inlet will be
so high that a small pressure rise across
the compressor will be sufficient.
Transonic design principles have been
clarified and have improved the com-
pressor efficiency in this range. Com-
pressor blades will have to be made of
high temperature material similar to the
turbine blades.

Combustion chambers and  after-
burners will be much shorter than
present ones. Improvements in fuels
as well as combustion chamber design
make this possible.

Hypersonic Propulsion

NACA also is studying hypersonic
propulsion, which m\-oivn systems for
delivering continuous power to vehicles
at speeds above Mach 5.

In broad terms the NACA sees such
vehicles traveling in the continuous
flight corridor illustrated on page 73.
This corridor is the region in which
very high speed, very high altitude
flight is considered ~acrodynamically
and cconomically feasible. Flight in
the area above ‘the corridor requires
greater wing arca, structural weight
and larger engines lowering the vchi-
cle’s range markedly. Below the corri-
dor structural soundness of the aircraft
would be jeopardized by acrodynamic
heating.

The only air breathing engine pres-
ently considered for use at hypersonic
speeds is the ramjet. The NACA is
studving its behavior from 2,700 to
4600 mph. Two problems arc para-
mount in this study. One is the cool-
ing of cngine parts, and other is con-
version of the energy relcased by
buming fuel into useful thrust

Ramjet Cooling

Cooling problem is illustrated by
conditions in the ramjet at a forward
>rtcd of 3-4,000 mph. Temperature in
the combustion chamber is  about
5.000F which is above the melting
point of most of today’s metals,. NACA
studies of cooling these internal parts
show that the best way is to use fuel
and then bum it in the combustor.

The other problem of producing

5 10 15 20
FLIGHT SPEED. THOUS. MPH
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NACA estimates that aircraft will have to stay in the continuous flight corridor (above)
to be aerodynamically and economically efficient. Flight above the coridor requires very
large engines and wings. Structural cooling problems are too prominent below the corridor.

Weight Problem

The ionic rocket could possibly be-
come attractive for space travel when
its total motor weight aEprmchcd the
total motor weight for a chemical rocket
or other competitive powerplant. If
this is achieved, a great advantage would
lic with the ionic rocket because most
of its motor weight is heavy electrical
machinery in contrast to the great
propellant weight of a chemical rocket.
If many flights were to be made with
the space vehicle the fuel rm:rqz
problem of the ionic rocket woul
ically nil. With the chemical

the engine. R b ce
when the air is expanded and its tem-
perature lowered.

Nozzle Geometry

The proper length and geometry for
a nozzle with maximum recombination
bencfits are being studied by the NACA.

Dissociation losses begin to be a
major consideration in ramjet and turbo-
jet design just above Mach 2. They can
amount to a 50% loss in thrust at about
5,000 mph.

Tonic propulsion studies which have
recently been initiated by the NACA
are intended for use on vehicles which
have rcached orbital velocity. They,
are low-thrust engines which ml%:!
have use on long voyages into space be-
cause of their very low fuel consump-
tion. Primary drawbacks are heavy
weight and need for electric power.

Their operating cycle consists of
striking an electric arc in a gas. The
arc ionizes the gas and these charged
particles are accelerated by a magnetic
field producing a thrust. The thrust of
a feasible unit would probably be verv
small. However, its specific impulse
would be very high and its fuel con-
sumption low. The electricity required
by the ionic rocket for space travel
would probably be produced by a unit
using atomic or solar power.

rocket however it would be tremendous.

The very low thrust of the ionic
engines is a serious disadvantage and
would have to be weighed against the
refueling and other benefits. Low thrust
greatly incieases travel times in space,
Fut very great velocity changes can be
cffected and control problems of the
space ship’s trajectory would be mi
mized because of the long buming
times. Some figures on the low-thrust,
lomg-burning time approach were given
in an NACA example. If a 10 ton space
vehicle were powered by a 10 Ib. thrust
engine for one month, it would increa
its original velocity by over 25,000 mph.
_The small ionic unit demonstrated
durmg the Lewis tour is the first onc
constructed at the laboratory. It pro-
duced about 174,200 Ib. thrust, necded
1,000 volts to start, operated at about
500 volts and .5 amps. It was run in
bell jar evacuated to simulate an alti-
tude of 80,000 to 100.000 ft. In this
way air was used as the fucl. In space a
gas would be carried along as fuel. The
stream of ions drove a small turbinc
made of several sheets of mica to show
that it was producing thrust.

Plasma jets operating on this same
principle arc also used by the NACA
to test materials in the type of high
temperature ionized gas stream that

73

they would cncounter during re-cntry.
The plasma jet is also a feasible low-
thrust, low fuel consumption device
for space propulsion.

High Temperature Materials
Progress with all types of propul
sion units is largely waiting on im-
proved structural materials. Some goals
of metallurgical rescarch are to raise
maximum usc temperatures of:
® Torbojet blade materials from about
1,650F to 2.500F,
© Ramjet materials from 2.
3.1001
® Nuclear rocket materials to 5.0001
Onc mcthod of increasing high tem-
perature strength of current nickel and
cobalt basc alloys is to suspend harden-
ing particles in the material. These
particles have roughly the same cffect
on the strength of the alloy as the
dispersion of gravel does in” cement.
The cffect of these high temperature
hardening particles is demonstrated by
the results achieved by suspending
finely divided stable ccramic-aluminum
oxide in a nickel matrix. This raises
fhe use temperatuce of the nickel base
alloy from '5:. current figure of about
1.650F to as high as 2,100F .
Usc of a refractory powder in alumi-
num alloys has rised the capabilitics
of aluminum several hundred degrees.
The use of nickel and cobalt” base
materials is limited, however, by their
low melting points. The nickel basc al-
loys are liquid at about 2.600F. Other
metals with higher melting points must
used as base materials for higher
temperature alloys.
Two metals currently being consid-
ered as base materials are columbium
with a melting temperature of 4,500F
and tungsten which melts at 6,100F

300F to
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thrust from the buming fuel grows more
complicated as velocity increases. Be-
low Mach 2 thrust in a jet engine is
generated by increasing the tempera-
ture and consequently the velocity of
the air passing through the enginc.
NACA cstimates that at a flight specd
of 6,300 mph. the temperature risc
that the fuel can impart to the air will

AVIATION WEEK, October 21, 1957

Tungsten allovs can be expected to
sustain 10,000 psi. stress at temper-
atures 1.700F higher than nickel allovs

The entire class of high mclting point
metals have the very serious problem of
rapid oxidation. When heated th sur-
face atoms of these metals slip free and
combine rapidly with oxvgen

Oxidation rate is greatly incrcased
in an atmosphere of 1onized air such
as would be found around a high speed
missile nose cone or in an atomie cn-
gine. Rise in oxidation rate is duc to
the more active nature of the air after
its molecules have been dissociated into
charged particles. These particles want
to recombine into morc stable mole-
cules and this is donc against the mctal
Recombination relcases heat, further
raising the metal temperature and in-
creasing oxidation still more. Metals oxi-
dize about 400 times faster in the pres-
ence of dissociated air than in ncrmal
air. NACA research in this arca to date
has been to define the problem, now
measures of countering (,n\ severe oxi-
dation are being studied

Another group of materials )u.n;'; in-
vestigated at Lewis are ceramics which
have very high melting points and good
oxidation resistance  but are handi-
capped by brittleness.

(g:m of the most scrious cffects of
brittleness is susceptibility to thermal
stresses which are high in many missile
and atomic applications

Research at Lewis and clsewhere in-
dicates that some ccramics may be in
herently ductile and that their brittle-
ness is duc to surface imperfections

Careful treatment and polishing of
ceramic surfaces have greatly increased
their ductility. This work has essentially
just begun and practical mcthods of
treating large sections of ceramic are
not available

High Energy Propellants

NACA's rocket rescarch effort 15 al-
most completely centered about high
energy fuels and oxidizers. Experimenta
tion includes the most Iugll\\ reacti
and dangerous substances which are po-
tentially the best propellants

Practical studies are being made of
the difficultics of using hydrogen fluo-
rine combination. This is typical o
the work at Lewis Laboratory.

IFluorine is the most powerful oxidizer
known and consequently reacts readily
with most materials. often violently.
One problem in its use is to find matc-
rial for tanks, valves and lines in the
fuel feed svstem which will contain the
fAuorine. Rocket combustion chamber
nd nozzle construction problems are
magnified by usc of Auorine.

Fiydrogen is most difficult to keep
i the liquid state as it boils at —423F.
Well insulated tanks and lines are
needed to keep the hvdrogen supply
system working properly.

AVIATION WEEK, October 21, 1957
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Research for Tomorrow. The nearly 2,000
representatives of the Armed Services, industry,
and members of Congress who participated in
the Triennial Inspection of the Lewis Flight Pro-
pulsion Laboratory in Cleveland last week most
certainly went away more impressed than ever
before with the vital importance of giving the
utmost support to our research organizations and
facilitfes,

Shown at this laboratory of !.hg Nation-
al Advisory Ct for Aer were

4 AIR FORCE TIMES
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lon Power 'Attractive’ Prospect,
A-Plane Doubtful Bet, NACA Says

By BILL FOSS
CLEVELAND. — Optimistic pre-
dictions of an jon propulsion rocket
for future spacc ships but doubts
uboul the wonhwhu mess of the
raft were made

such promising projects as research into high-
energy fuels promising increases in the range of
supersonic aircraft and missiles by as much as
40 per cent, new fuel-oxidant combinations which
could vastly ad' rocket per: new

‘f lunrnmanl scientists and en-
here.

The occision was the triennial
inspection ©f the National Advisory
Committee for Acronautics' Lewis
Flight Propulsion Laboratory. The
bcn slutﬂu aireraft

engine materials which could retain high
at the extreme temperatures general in hyper-
sonic flight, and many other fields significant to
the national defense,

the
special mod,vmia of bigh-speed
propulsion.

lilh
scientists demonstrated
meir mhng model d an jonic

Each of the new flelds into which
sclentists are now just peeking eventually will be
entered and conquered. The nation that first reaps
the benefits of such explorations will have a defi-
nite advantage. Russia’s recent accomplishments
leave no doubt of the efficacy of her research
which, unlike ours, is unhampered by budgetary
considerations.

Two years ago Dr. Jerome C. Hunsaker, then
NACA chairman, reported that “The current
trend toward leveling off expenditures for sclen-
tific research In aeronauties ig foreing hard de-
cisions to slow down or to defer indefinitely re-
search projects essential to the timely develop-
ment of new weapons.” His warning went un-
headed. The advice he gave then needs repeating
today with emphasis—"It is now wise to accel-
erate sclentlfic progress. In the long run, scien-
tfic research s the best insurance that there will
be ‘value received' from the country’s whole
aircraft program.”

Confidence jn our future and its security de-
pends In great measure upon the support in money
and authority which we are willing to give to re-
search organizations such as the National Ad-
visory Committee for Aeronautics.

NEWSWEEK
October 21, 1957

JETS:
Beyouf the ‘Ultimate’

Fof fifteen years jet-propulsion engi-
neers have squeezing more and
more speed out of the turbojet engine.
But at Mach 2.5 (about 1,860 miles per
hour) it was thought that it had reached
its ultimate speed. Last week the Na-
tional Advisory Committee for Aeronau-
tics announced in Cleveland that a still
speedier future lies ahead for the turbo-
jet. Their latest studies, said the commit-
tee, indicate that the turbojet—with vital
ch.mgcs-ns capable of propelling an air-
craft four times the speed of sound, or
about 2,600 mph.

The most crucial rearrangement of the
turbojet's physique will not be in its hot,
whining insides but in its inlet and ex-
haust nozzles, usually the concern of
noise-reduction engineers. Both open-
ings, now smaller than the diameter of
the engine, will be enlarged. Their size
will be variable in flight, so the engine
can adapt itself to the wide range of
speeds and altitudes a Mach 4 airplane
will encounter before reaching “design
flight conditions” at 85,000 feet.

P

dcnu for flights info ouuw‘.waee.
The ionic rocket, known also
a3 an electrical particle accelera-
tor, would enable a manned
space ship Lo reach the 25,000
mlle per heur speed necessary
pe fronr tho earth’s gravita-
uon:l pul! into outer space.
Once away frum eartbly domain,
the jonic enzine of the space craft
d be cut off, allowing the craft
Lo coast threugh outer space on its
own escape speed of 25,000 miles

per hour, .
The use of « Jow, 10-pound thrust
ngine over & od o( a month
could increase d to 50,000

“this
miles per hour, lhe NACA engi-
neers suid.

Proof that they weren't just
dreaming Lut actively doinz re-
search on possible space engines
was given Ly the NACA engineers.

They demonstrated a small work-
ing unit of the ion propulsion
rocket. The unit inside a vacuum-
Jur, with .an invisible stream of
ions, turned a wheel about three
inches in diameter

Ions are tiny bits of matter, car-
rying electrical charges formed
when a0 electron is added to or
remaved from an electrically neu-
tral atom. Thrust comes from a
stream of ions, accelerated to high
velocities in the same way as hot
gases are ejected from the exhaust
of the conventional jet or chemical
rocket engines.

. .

ABE SILVERSTEIN, associate
director of the Lewis Flight Pro-
pulsion Laboratory, said that while
the ion-engine would be able to
operate in a vacuum, the laboratory
ir just experimenting with the unit
and it may be many years before
engine will become a

He conceded that the Russuns
who have won the satellite race
with their Sputnik satellite, may

well be working on a simular lon
propulsion sy:

Dr. Silverstein said there were
several other possible sources of
propulsion of space ships, includ.
ing. radiation pressure—the use
of sun power—and “direct bu-

lear power "

NACA n-icmi:ls and engineers
expressed doubts about the prog-
ress being mlde on the nuclear-
powered aircraft.

The main obstacles the
weight problem of lhc shieldlng
whlrn must be provided to protect

crew f{rom radiation. Very
ume payload is ‘left after the|!
weizht of 1eactor and its shielding
is allowed for.

Dr. Silverstein wasn't sure that
the country would waot a puclear-
powered. wreraft. He said
bmldm; of a nuclear aircraft
would depend on the nation's fu-
iure defense policy—what type of
plane is nceded and how much
money the nation is willing to
spend lo develop and bulld the

plane.

. .

NACA SCIENTISTS also dis-
closed that they are confident that
high-flying turbojet-propelied air-
crafl can attain speeds up to four
times the speed of sound—about
2600 miles per hour.

The future Mach 4 airplane (one
flying f(our times the specd of
sound) must combine the advan-
1ages from the most advanced con-
cepls in acrodynamics, airplane
structures, and powerplants—all of
which muiuvally influence each
her.

Several research models devoted
to the Mach 4 plane were shown
during the inspection.

For stil) higher flight speeds,
up lo seven times the speed of
sound, NACA scientists pre.
dicted that the ramjet engine
would supplant the turbojet.

Highenergy fuels and heat-re-
sistant materials needed the
foster-flying pl:mrs and rockets get
close scrutny by NACA scientists.

They have fested high-energy
fuels capable of increasing the
range of sipersonic aireraft and
missiles by as much as 40 percent.

Liquid hmls containing boron
have been favored because of their
high energy content, which pro-
vides the increased aircraft ra
NACA engineers calculate lhn
range of a boron-fueled ramjet
missile flying at an altitude of 60,
000 feet and 2100 miles per hour
coulc be extended 40 percen( over

the same missile using jet fuel.
NACA is planning exninded full-
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By ihe dsioctated Pren.

CLEVELAND, Oct.
National Advisory Committee!
for bombarded a

electrons and have
8.—The electrically charged.
Physiclst

Hold

Space Travel Key

become

M. J. Krasnlcan

that beyond the

small pinwheel inside a glass
vacuum-jar with an Invisible
stream of jons today and made
it whirl briskly.

The same fos-stream prin-
ciple, NACA sald, sorle day
may be harnessed to push 10
ton space ships moonward at
many thousands of miles an
hour once they have reached
outer space.

Coupled with atomic energy,
such a vehicle might have virt.
ually unlimited range.

The demonstration was part
of a fourday public inspection
of the NACA’s flight propul|
sion laboratory. which is at-
tracting top scientists to Cleve-
land this week.

“If a stream of jons, as in
an arc jet, can be accelerated
to high velocities by use of
electric or magnetic flelds, a
small amount of thrust will be

produced.” Jons are tiny bits
of matter—atoms which have|
been stripped of some of their|

earth’s atmosphere a vehicle
would require only slight pow-
er in small Increments, 1o ac-
celerate a great deal.

“For example.” he said. *a
10-ton vehicle in outer space,
powered by 10 pounds of thrust
for only one month, would In-
crease jts original velodly by
25,000 miles an hour.”

Abe Silverstein. associate dl-
rector of the laboratory, sald
“There Is no question but that
We can make an atomic air-
plane that will fly. The ques.
tion is, for what purpose do wa
want the plane and will it be
satistactory for that purpose?”

scale turbojct and ramm engine
Tesearch with these fuel
e .
IMPROVED HEAT resistan( ma-
terials for advanced missiles and
oireraft are urgeatly needed. The
laboratory seeks gas turbine mate-
rials which will xeep their strength
ut 2000 degrees nheit, ram-
Jjet materials for opernuon at 3000 | u;
degrees F, and nuclear rocke! ma:
teriuls that are stong at 5000 I
By comparison pure iron mells at
about 2700 degrees F.
The current temperature levels
”I about 1650 degrees F in the
bojets and 2500 degrees F in
the ramjet engincs.
Among those being considered as
metals for fulure alloys are
columbium and tungsten.
The jer noise problem has also
been studied by the NA
Committce ule-mu .n try-
Ing to tone down the “big noise’
created outside the engine by
the exhaust jet as it mixes with
the atmosphere.
That ihey've attained some meas-
vre of success was shown during
demonst: ation here.

N.Y. World Telegram
and Sun Oct. 8, 1957

Space Engine
Under Study
By Scientists

NACA Forecasts
lonic Propulsion

| By tha United Press.
CLEVELAND, Oct. 8—The
[government's top aviation re-
search agency disclosed today
that it has started basic re-
search on “space engines” for
future Interplanetary flight.
Officlals of the National Ad-
visory Committeé for Aero-
nautlcs emphasized that practi-
cal results are years in the fu.
ture. But thelr work has
reached the polnt where they
consider jonic propulsion “at-
tractive for outer space flight."
‘There has been much pub-
lIshed spcculallon about the
use of “streams of lons,” or
tiny bits of matter with electri-
cal charges, In “space engines.”,
But the NACA gave the most
tanglble evidence yet of the
government's serlous Interest
in the technlque.
Outlining some of the
NACA's research on engines.
“capable of operating in a
vacuum" heyona the earth’s
Eugene J. Manga-
niello  described the current
Russlan satellite and tife fu-
ture American one as “short
duration vehlcles.”
Besldes its work with such
futuristic “engines,” N.ACA
made these disclosures at a
tour of its $100 million Jabora-
tory here for government, In.
dustry and sclentific groups:
1. Ramjet test missiles re-
cently Bave made flights with
Mgh energy fuels which may|
Increase the range of super-
sonic planes and misslles by as
much as 40 percent.
The fuels are boron-hydrogen
compounds or boranes, which
can be made In liquid form:
At present they cost several
hundred dollars a pound, but|
productlon plants now are be-
ing bullt looking toward a day
'when such fuels become prac-
tical for mllitary aircraft.
2. Research now Indicates
that jet engines can be made
to power planes at 2600 miles
an Hour, or four times the
of sound, whereas it
onne was thought thelr limit
would be below sonic speed.
In discussing jonie propul-
ilon. the NACA said that ac
celerating lons to high speeds
would provide useful energy
for satellites, and added:
“Development and improved|
of such a
device may lead to Its applica-
tlon in mxht beyond the at.
molp

THE NEW YORK TIMES
October 20, 1957

AVIATION: 2,600 M. P. H.

Jet Engines Capable of a Speed Four
Times That of Sound Are Forecast

OVERNMENT  sclentists|
think the potentlal of the|
turbojet engine has been|
underrated. They bave be-|
become convinced that jet en-
gines can be desigued for speeds
up to 2,600 mils an hour, or
four times the speed of sound.
Such s figure does not bave,
fihe fantastic ring it used to
have before the sppearance of|
ballistic missiles and round-the-|
world flights of a thing called
the sputnik. Yet, for & vehicle
with & man aboard, 2,600 miles
an hour—coast lo coast In a
littls more than an hour—would.
till be & remarksble rate of

vel,
It is 400 mileg an hour

plane. It is more than four times|
as fast as the jet airliners al-|
Teady in service on Russia’s air-|
line, Aeroflot, and those soon to
be introduced by this country's
carriers.

Word that & 2,600-mile-rn-
hour engine was technical
feasible came early this month,
from the National Advisory]
Committee for Aeronautics, the,
Government's top-ranking re-|

mum speed potential was ‘put
below the speed of sound, which|
st pormal! cruising altitudes|
would be about 880 miles per|

Tbe estimate was progres-
sively raised to Mach 1.5 (one|

ulations have been made that|
the engines could bs used on|
conventional airiiners as well as
military craft,

Heat*Ronlatant Motals

‘The reassessment of the turbo-
Jat's ulttmate capabilities s due|
largely to two engineering ac-
complishments: one is the ad-
vaoce in  metallurgy  that|
lppl.rml.ly opens the way for|
design
and ov.nor engine parts adle to
withstand new plateaus of heat,

R [New York Authority—that jets

By RICHARD WITKIN

4 engine, the N. A. C. A. 13 not|
loverlooking some  diffjcultles|
still encountered with the pro-
salc jet engine in the Mach 1
to Mach 2 category. These en-
gines’ most vexing trouble, per-

haps, {s their noise. They dn 3
fine job, but they do it at the,
expense of people who happen

(have been stimulated partly by'
(warnlngs from scattered com
munities—notably New York.
speaking through the Port of

will not be tolerated unless
their roars are subdued st least
to piston-engine levels.

Cause of Serlous Work
/There 1s wids belief that,
the Port Authority will have to|
back down if the noise problem
praves not to be so

But at Jeast the agency’s stern|
demeanor has helped generate|
some serious work on the|

matter.
Boeing’s degree of optlmism
is not general in the industry.
The N. A. C. A, group in Cleve-
Jand proved more pessimistic
than most when it said without
equivocation that the noise|
problem had not been solved.
'To back its point, & demon-|
strated an advanced molse sup-
pressor on the engine of & B-47
medium bomber. The device, &
corrugated noxzle fitted on the
tail pipe, reduced the decibel
level from 121 to 107%4. That
was half a dozen decibels short
of what was necessary, the
N. A. C. A, said, to matlch the
comparative quiet of piston en-|

compressor blades|gines.

The rest of the improvement.
lt has been !unmgd might

without melting or
the p'.)\er 1s the mastery of I

2
“cool” engine. cooung the ex-|
mean|

new for
engine's air inlet and exhaust
nozzles.

For Mach & speeds, these

waves would impede the smooth|

flow of air and exhaust guses

down the plane, just as shock
waves at the speed of sound
were & serious drag on jet tusel-

comb evolved the “area rule”
better known as the “wasp
waist design."

:Iowin; the velocity at which)
the hot exhaust spewed Into the
cold atmosphere. Since the
tubulent mixing of hot exhaust
and cool air is the prime pro-|
ducer of nolse, lower velocity,
would mean fewer declbels.
Loss of thrust from lower)

the engine. Something of this
sort is done in & bypass engine,
such as the Rolls Royce Conway
that has been ordered by some|
foreign airlines for their Amer-

Vuhblap;muy {nlets -
ready are-in use on some of the
nation’s wdvanced supersonic
fighter planes.

While playing with the Mach equxppa with suppressors.

|expected, from Boeing, which
has started s series of flight
tests with all four 707 engines!
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Turbojets Are Theoretically Capable of Mach 4 Speeds

By J. S. Butz, Jr.

Cleveland, Ohio—Extension of the
useful speed of turbojet engines to
Mach 4 will provide a much greater
latitude in the design of future aircraft
than has been expected.

Widening the choice of powerplants
will make it easier to optimize 2,600
mph. aircraft for a definite mission re-
quiring relatively great range, or speed,
or some other specific performance.

National Advisory Committee for
ics scientists at the Lewis

bustion knowledge indicates that Mach
4 turbojets are feasible. They point out,
however, that practical construction of
such an engine will require a major re-
search and development effort mainly
because of the high temperature per-
formance required of engine compo-
nents. Mach 2.5 is about the upper
limit for present-day turbine engines.

Types of Powerplants

1f the Mach 4 turbojet is developed,
the powerplants available at that st
will also include turbojets, ramijets, dual-
cycle engines, rockets and various com-
binations of these. The turbojet would
retain the advantage it has today. It
would be the smallest, least complicated
engine installation capable of delivering
continuous power to an aircraft through
its entire fight. Each of the other en-
gine types will undoubtedly be superior
in this speed range for certain missions.

NACA sees Mach 4 as the probable
ultimate speed of the turbojet. Ram-
jets will have rather clear advantages
among air-breathing engines above that
speed even though they cannot function
during landing, takeoff and initial climb.

Ovenall problem of selecting a power-
plant involves many interdependent fac-
tors concerning the acrodynamic and
structural design of the aircraft as well
as the engine. Since it is impossible to
scparate these considerations, engine
studies at Lewis Laboratory include
the mutual interaction of the power-
plant installation on the airframe.

Hypothetical Case

A genenlized example of such a study
was presented during a recent Triennial
Inspection of the Lewis Laboratory.
Thrust requirements of a Mach 4 turbo-
jet over its whole speed range were de-
termined by considering the drag of a
hypothetical aircraft representing the
most advanced aerodynamic and struc-
tural thinking. The aircraft was designed
for a speed of Mach 4 at about 85,000

This insured good acceleration through-
out the speed range. With a smaller
thrust margin, excessive amounts of
fuel would be consumed during accel-
eration and the aircraft’s range would
be seriously reduced.

Main value of this example study was
to show the importance oflhc engin
inlet and exhaust nozzie design. T
conclusion is that such systems must
have variable geometry if the engine is
to deliver adequate thrust during the
whole flight. Even if the basic engine
is capable of delivering much more
thrust than the design requirement, it
can be rendered inadequate by a poor
installation. Thrust losses of the instal-
2 re primarily from pressure losses
in the air intake system, drag due to
inlet flow conditions and shock or over-
cxpansion losses in the exhaust nozzlc.

Example study is illustrated on_pp.
86-87. Upper figure shows a fixed

geometry mstallation meeting the de-
sign conditions of Mach 4 speed at 85,-
000 ft. The thrustavailable curve of
this installation superimposed on the
thrust-required curve of the aircraft
shows that it would be impossible for
the airplanc to ever accelerate to Mach
4 because thrust is inadequate at the
intermediate speeds.

Inadequate Thrust Cause

“This inadequate thrust around Mach
2 is primarily due to two things:
o High drag caused by air spilling
around inlet. Engine requires about
66% less air at Mach 2 than it does at
Mach 4. Excess air is deflected around
inlet.
® Overexpansion of air in exhaust noz-
zle, causing strong shock waves which
slow down exit velocity. Exit area of
nozzle, which is correct for Mach 4, is
too large for Mach 2.

The next figure shows that using a
variable geometry nozzle will still not
correct the thrust deficiency around
Mach 2, although it will bring subsonic
thrust up to the prescribed 35% in-
crease over aircraft drag.

When variable geometry is added to
the inlet system the engine and its in-
stallation are able to produce the neces-
sary thrust over the whole speed mnge,
as shown in the lower figure.

Variable gcometry mechanism of this
inlet system would to include
means of varying the angle of the ramps
ahead of the duct as well as an efficient
by-pass to bleed excess air in the duct
to the outside airstream.

Inlet Function

Inlet system shown in this example
is but one of those currently being in-
vestigated by NACA, other research

Function of these inlet systems is to
slow and compress air entering the air-
craft. Air should enter the turbojet’s
compressors at less than half the speed
of sound.

Ideal inlet system accomplishes this
diffusion with a minimum loss of total
pressure in the air stream and with
minimum drag. Both of these losses
serve to decrease the effective thrust
of the engine.

There are generally two methods for
slowing a supersonic air stream. One is
an external diffusion system and the
other internal. The one used in the
previous example was an external sys-
tem. Both slow the supersonic flow to
a low supersonic Mach number by con-
tracting the air stream and then diffus-
ing it to subsonic speed by means of a
normal shock wave,

External system generaily uses a series
of ramps (or cones if the inlet is circu-
lar) which ereate oblique shock waves
to slow the air; then the normal shock

INSTALLATION above is typical of inlet and exhaust systems for Mach 4 turbojets. Tt

has fixed geometry

designed for Mach 4, but so dissipates ~—-ver at the intermediate speeds

that typical aircraft would not be able to exceed Mach 1.5 (..ght).

agencies and aircraft manufacturers.  is located across the mouth of the inlet
% OF
AIRPLANE
WEIGHT 0 THRUST WITH FIXED INLET AND NOZZLE
0 DRAG
1 1 1

V. G et = 4
DRAWING above shows flow conditions at Mach 2 with a variable geometry exhaust nozzle.
Large nozzle expansion ratio is not needed below

Mach 2. Noxzle changes alone are not

sufficient to make the installation acceptable (right).

2
FLIGHT MACH NO.

% OF
ARPLANE
WEIGHT

2

THRUST WITH FIXED (KLET
AND YARIABLE NOZZLE

THRUST WITH FIX
AKD NOZZLE

FURTHER ADDITION of a variable

inlet gives the installation adequate thrust

ft. Adequate thrust was stated to be over the entire speed range. Inlet shown here is of the external compression type. Number
of possible solutions to the variable geometry problem are being investigated.

35% more than the drag, at every speed.

86

NACA scientist holds model of Mach 4 turbojet. Model has cone type variable geometry
short i ber and and

chamber

inler, three stage
sariable area inlet.

very

some current engines. This is_possible
because pressure rise per stage has been
ised and because much of the com-
pression is accomplished in the inlet
duct instead of the compressor.
Better fucls as well as improved com-
bustion design will greatly shorten com-
bustion chambers and afterburncr.

Temperature Comparison

NACA predictions of the tempera-
ture within the Mach 4 turbojet illumi-
izate some of the development problems
facing the engine. For companson, the
temperatares moa typical NMach 2 en-
gine will be given first
o Compressor_inlet—2401
e Entrance to combustor—8751
o l'urbine inlet—1.650F
@ Turbine outlet—1.0001
® Discharge oxhaust—3.0001

On the Mach 4 turbojet these same
temperatures will usually be
« Compressor inlet—1.2301
o Entrance to combustor—1.330F

FIXED INLET AT MACE 2

i '/. e

G
THREST

[ITUI
THRUST

]

TOP sketch shows Mach 4 inlet in Mach 2
flow. Air spills around inlet causing high
drag. If spillage air is exhausted behind the
inlet (below) drag is reduced.

AVIATION WEEK, October 28, 1957

AVIATION WEEK, Ociober 28, 1957

@ Turbine mlet—1,450F
& Turbine outlet—1,350F
* Discharge exhaust—3,300F

Temperature Difficulties

Most serious temperature problems
will be encountered i the compressor
and the main engine bearings and scals.
The compressor will require the use
of the most advanced alloys now uscd
in turbines to withstand the combina-
tion of high temperature and high stress
‘The turbine on the Mach 4 engine is
operated below the turbine temper-
ature of the Mach 2 engine because the
stresses in the turbine have been raised
to match the aerodynamic capabilitics
of the compressor.

Environmental temperature of bear-
ings and scals in the Mach 4 cngine
will be above present limits of such
materials because of the heating of the
ram air as well as temperatures within
the cycle.

NACA studies indicate that the ram-
jet will be definitely superior to the tur-
bojet above Nlach 1. This conclusion is
based on the fact that around Mach 3
the turbine begins to extract more
pressure from the cvele than the com
pressor puts in. This detrimental cficct
of the turbine-compressor unit on the
thrust increases with speed. The ramjét
obviously docsn't have this handicap
and is more cfficient above Mach 3

In terms of a typical military mission
however, the turbojet is still competitive
up to Mach 4. Using ramijets, the air
craft cruising at Nach 4 can be much

smaller than an aircraft with similar
fnge wsing turbojets, Towever, the
smaller ramjet-powered  pline would

need some sort of boost arrangement to
take off. The weight of this booster
would bring the total weight of the
ramjet aircraft up to that of a turbojet
version, if rockets were used for the
boost.

2
FLIGHT MACH NO.

% OF
MRPLANE
WEIGHT 4

THRUST WITH VARIABLE INLET
AND VARIABLE NOZZLE

IMD YARIABLE Illlll LE

2 3
FLIGHT MACH NO.
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m the ideal case. Air velocity becomes
subsonic across this shock and cnters
the duct at less than Mach. 1

Internal System

With the internal system, air enters
the duct at supcrsonic velocity. I'he
duct contracts to a throat where normal
shock occurs and the stream becomes
subsonic. Duct then cxpands to slow
the subsonic strcam.

Trouble ariscs with the external sys-
tem when the inlet is too large and
more air is taken into the duct than the
engine needs. The excess air then spills
around the inlet causing a large drag.
If the inlet area is too small, the engine
sucks the normal shock at the inlet
back down the duct causing a decrease
in flow density and an increase in pres-
sure loss. Verv accurate and sensitive
controls are nceded to keep the shock
pattern and inlet area adjusted so that
neither of these two excessive losses will

oceur.

Trouble with internal systems cen-
ters around making the normal shock
wave start at the inlet and move down
the duct to the throat. This movement
of the normal shock depends on the
ratio of the inlct area to the throat arca.
The pressure recovery also depends on

this area ratio. Unfortunately, a mini-
mum pressure loss and high duct cffi-
cieney demands such o small throat

area in relation to the mlet arca that the
normal shock won't move down the
duct to the throat. It stands out in
front of the duct, creating a large drag.
If the throat is opened up to allow the

nomual shock to move back to the
throat. then i loss in total pressure must
be accepted. This type of internal sys-
tem s also very sensitive to back pres
sure. 1f the engine surges or in any

way creates a sndden back pressure, the
shock may pop out of the duct. Start-
ing the shock back up the duct requires
the proper combination bf Mach num-

ber, back pressure, cte. Sometimes an
unstable flow is sct up that is difficult to
stop.

Corrections Devised
I'hese problems of internal diffusers
bave been largely corrected. The for-
ward or supcrsonic portion of the
diffusers have been perforated, making
the ducts much easier to start and
much less susceptible to back pressure
Variable area throats make the in-
ternal ducts capable of operating over
a wide Mach number range. Both -
termal and external systems are being
developed and have their enthusiasts.
In addition to having a4 more clabo-
rate form of variable inlet and exhaust
nozzle than current turbojets. the Mach
4 engine will also have a different de-
sign_in almost cvery major component.
The compressor will have about three
stages instead of 12 to 15 that arc on

87
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SPECIAL EXHAUST SHAPES developed

Ways 1o attenuale jet engine noise
are being intensively studied by Na-
tional Advisory Commitiee for Aero-
pautics engineers at the Lewis Flight
Propulsion Laboratory in Cleveland.

Onwnally, it was suspected that
the “big" noise of j ines comes
from the combustion of fuels at tre-
mendous rates, and the windage of the
whirling compressor blades. It was
found, though, that the largest noise
component is created by the exhaust
jet as it mixes turbulently with the at-
mosphere. Fluctuating pressure waves
are created, which result in a broad
band of acoustic waves.

One way to decrease the noise is
to lessen turbulent mixing of the jet
stream, or the size and strength of the
eddies. Various nozzle shapes have
been studied which give substantial re-
ductions in the noise level. However,
the design changes needed usually bring
iocreased airplane drag, engine weight

NACA studies new ways of cutting jet noise

by
Experimental shape shown brought the 121-decibel level of J47 o o dobere

NACA attenuate noise level of jet cn(mcs.

and decreased engine performance.
Another approach to the problem
is to reduce the velocity of the exhaust
jet. This would decrease the energy in
the jet stream and also the noise level.
However, current military jet engines
demand high jet velocities for maxi-
mum performance. [f such perform-
ance were pot peeded, then an eco-
nomical and efficient engine could be
designed with lower exhaust velocities.
Such an engine would also opcmw al

ATION,

NACA reveals details of Mach 4 turbojet

SUPERSONIC turbojet engines capa-
ble of sustaining flight at Mach 4 are
within our reach, according to engi-
neers at the Lewis Flight Propulsion
Laboratory, National Advisory Com-
mittee for Acronautics. A cutaway view
of a model of such an engine, which
could power aircraft cnnsmg at 2,600
miles an hour and 000 ft. altitude,
was displayed at NACA: triennial in-
\pccuon of the Lewis facilities.

ACA engineers say the Mach 4
xurboycl is the ultimate capability for
this type engine. But even this capa-
bility ‘could not be obtained, they say,
unless the engine is equipped with vari-

Here, the afierburner is the thrusi-
generating element. At Mach 4, lhcn
the turbojet engine ap

] 7 3
FLRKL WACK M0,

ramjet engine. Above Mach 4, the purc
ramjet engine has the field to itself in-
sofar as air-breathing powerplants are
concerned.

NACA engincers are confident
that the proposed powerplant can be
built. They say that if the engine is
operated at its designed speed. it will
have a thermal efficiency of about
42%. This compares with the 28%
cfﬁcicnﬂy of a Mach 2 engine, and the
33% efficiency characteristic of steam-
clectric stations.

CUTAWAY ‘cllle of model of possible. Mach 4 turbojet enginc shows three-stage
and s

lower turbine inlet
therefore could be made lighter and
more compact.

If a special nozzle shape were
combined with an engioe haviog a rela-
tively slow-speed jet exhaust, NACA
engincers feel that the target 15-dec-
ibel drop would be obtained. This 15-
decibel figure is based on an average
jet noise of 116 decibels as compared
with propeller noise of 101 decibels.

LOWER EXHAUST VELOCITIES can significantly lessen jet noises. Resulting smaller
turbine inlet temperature brings about a more compact engine design.
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WIND TUNNEL TEST: Scientist checks an experimental aircraft model
$n a supersonic wind tunnel at Lewis Flight Propulsion Laboratory in Cleve-
lard. Air stream can be whipped up to 3% times the speed of sound.

Heat Blocks Way To
Faster Aircraft

Engineers are making slow
but steady progress toward a
2600 mph airplane.

The primary problem: Finding
o suitable high-temp material.

mall chambers, which result in a highly compact powerplant.

able nlet and exhaust nozzles. If fixed
nozzles were used, then the supersonic
turbojet could not fly faster than Mach
even takeoff would be

One proposed aircraft configura-
tion calls for installing the Mach 4
engines in under-wing pods pressed
closely against the fuselage. This gecom-
etry i1s said to minimize interference
effects.

It was admitted that the basic
turbojet engine is capable of yielding
more than enough thrust to propel
a craft at Mach 4. This thrust should
be about 35% more than the thrust re-
quired. However, design problems at
lower speeds would keep the craft be-
low Mach 1.4 unless some ingenious
steps were taken.

Studies show that a Mach 4 turbo-
jet would have very little pressure rise
across either its compressor or its com-
bustion chamber. Thus, NACA con-
ceives of the engine with only a three-
stage compressor instead of the 12- to
15-stage compressors used in today's
engines. In addition, satisfactory com-
bustion can be obtained with much
smaller combustor sections than in
present-day jet engines. Thus, a smaller
compressor plus smaller primary and
afterburner combustion chambers con-
tribute 1o compactness.

Above Mach 3. the rotating parts
in the engine do little or negative work.
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= Aircraft and rocket engineers in
Cleveland aren’t bashful about
showing designs for aircraft which
will go 2600 mph hour. Yet they
are pinned down by the heat barrier
where progress is still measured in
inches.

Some of its awesome problems
were outlined last week at a trien-
nial inspection of the National Ad-
visory Committee for Aeronautics’
$100 million Lewis Flight Propul-
sion Laboratory.

Progress Review — In the 10
years since the first supersonic
flight by Capt. Charles Yeager in
the Bell X-1, designers have had a
net gain of only 300°F to work
with, spokesmen said. They cur-
rently have turbine blading which
will withstand 1650° without los-
ing necessary strength. This is up
from 1350° in 1947. But in the
next 10 years they are hoping for
1850° to 2500° materials for gas

The efficiency is the result of an
extremely high pressure in the engine
cycle. The expansion ratio, based upon
in&(;mal and ambient pressures, is over
100.

The Mach 4 wrbojet engine de-
rives its greatest advantages from its
variable inlets. As an example, a fixed
inlet at Mach 2 would give a drag-
thrust ratio of 0.61, because of
spillage pattern. If a variable inlet were
used at the same Mach number, the
drag-thrust ratio would be cut almost
in half, 10 0.31.

Similarly, a fixed Mach 4 exhaust
nozzle would be woefully deficient at

AIRPLANE DRAG  characteristics call
for variable inlet and exhaust nozzles to
achicve speeds over Mach 1.4.

Mach 1 because of over-expansion of
the exhaust gases. Hcre. the cmcncncz
would be about 70% as compared wil
the 97% efficiency for a variable ex-
haust nozzle.

Although the aerodynamic com-
bustion principles are being satisfac-
torily worked out, severe practical
problems exist because of lﬂe high
temperature in which the engine com-
ponents must operate. The inlet tem-
perature is pegged at 1,240°F, which
rises 0 a temperature bt.lwr:«.n 3 S00°F
and 4,f in the afterburner. This
temperature rise is smaller than in
present jet engines. However, tempera-
ture of the compressor is so high that
it will need alloys currently being used
in turbine blades.

Development of engine bearings
and seals comprise other design prob-
lems that must be met by the fabrica-
tors_of this engine, according to
NACA.

TYPICAL ENGINE POD is slung undsr wing and nest to fusclage. Note large exhaust
nozzle needed for Mach 4 operation. Air inlet ramp is at right

turbines. For ramijets they need
2500-3100° and for a nuclear pow-
ered rocket, 5000° material.

Possibilities are nickel with sin-
tered aluminum afloys, columbium
and tungsten. Ceramics hold some
hope. Lewis research men have
been able to impart a measure of
ductility to ceramics by eliminating
surface imperfections by water
polishing. Ductile ceramics devel-
oped so far are magnesium chlor-
ide and sodium chloride.

Fuel Problems — The materials
problem is the most pressing at
Lewis, but there are others. With
high energy fuels already tested,
engineers hope to extend the range
of supersonic aircraft and missiles
by 40 pet. Liquid fuels containing
boron are the most promising so
far, but excessive deposition cuts
efficiency.

Atomic energy powered aircraft
seems still a long way off. The
weight of pilot shielding necessary
is still the top problem. Engineers
are chipping away at it through
better shaping, split shielding and
searching for new materials. De-
composition of the metal through
radioactivity is still another hurdle,
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NACA Studies Ways to Soften Jet Noise

By J. S. Butz, Jr.

Cleveland, Ohio—Three basic ap-
proaches to bringing turbojet noisc
down to piston-cngine levels are being
investigated by the National Advisory
Committee for Aeronautics at the Lewis
Flight Propulsion Laboratory here.
Considerable progress is reported even
though no definite solution has been
wcached and each noise reduction
method has its disadvantages.

The gencral areas of study are:
® Mechanical suppressors (various noz-
zle shapes, etc.).

* Engine design.
® Climb procedures.

This NACA work is devoted solely
to decreasing noise during takeoff and
much of it involves the study and exten-
sion of ideas originating with various
manufacturers and research groups here
and abroad.

Main Drawback

Many types of mechanical supressors
have been tried and their main draw-
back has been that they reduce engine
thrust while cutting noise. To the air-
fines this could mean a revenue loss
through reduced passenger loads.

However, the NACA has a nozzle-
cjector combination that reduces noisc
to the required level without the cus-
tomary thrust losses. The only draw-
back of this installation is that the cjee
tor will increase the drag of the aircraft
and cut its range down.

e whole project is in the expen-
mental stage and cfforts are now being
made to make the cjector both retract-
able and light.

Current study of this nozzle-cjector
has given the NACA considerable hope
that a workable answer to the noise situ-
ation will be reached through a rcla-
tively simple mechanical device. Much

o
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JET ENGINE noise can be reduced by lowering turbine temperature and exhaust velocity. Using new design techniques, Im_mtcmpenhue.
low.noise engines can equa) the power and efficiency of today’s high-temperature jets. More efficient high-temperature engines could also
be built with the new design methods. Eshaust velocity and noise of by-pass engine (right) is reduced by low crergy by-pass flow. Bupass
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work still remains before this practical
device is achicved

These mechanical suppressors are de-
signed to alleviate the two conditions in
the high velocity exhaust of a jet engine
which arc the primarny causes of its
noisc. Iirst arc the turbulent eddies
which arc created as the high speed ex-
haust mixes with the low speed outside
air. These cddies produce fluctuating
pressurcs which radiate sound waves.

The sccond major source of noise is
the shear at the cdge of the jet blast
which results from the steady compo-
nents of the oxhaust velocitv. This
velocity  shear greatly amplifies the
acoustic output of the turbulent eddics
in the jet blast

Suppressor Method

Mechanical suppressors all attempt to
reduce the intensity of these two noise
sources by:

o Increasing downstream mixing of the
jet to attenvate the strength of the
cddics.
 Increasing contact area of the jet blast
with the outside air to reduce velocity
shear.

Mam  nozzle shapes have been
studicd. One is the “organ pipe” tvpe
which passes the engine  exhaust
through a number of small pipes. An-
other nozzle uscs deeply folded con-
volutions or corrugations to spread the
cxhaust.  Paralle] slots have also been
tricd on norzles.

All of these types can produce the
required jet noisc reduction of 1S
decibels to bring a four jet transport
passing directly overhead at 100 ft.
with full power to the noise level of a
planc \virﬁofour piston cngines under
the same conditions.

They are all faced with the same
scrious  disadvantage  however;  they
build up back pressurc on the engine
and slow its exhamt veloaits. causing a
thrust loss.

‘ .'. '
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CORRUGATED nozzle in combination with annular sheet metal cjector is most promising
noise suppressor being studied by the NACA. Ejector climinates thrust loss due to the
cormugated nozzle, but it has a large drag which would lower aircraft range.
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TAKEOFF and climbing procedures especially tailored for cach airport and its surrounding
communitics can do much to lower jet noisc in populated arcas. Typical climb procedure
and the noise it creates on the ground (in decibels) is compared to a proposed low-speed.

low-noisc climb. Ejector Reduces Loss

This back pressurc and thrast loss
can be climinated while achieving the
required sound reduction by surround-
ing a corrugated nozzle with an ejector,
according to the NACA. The cjector is
a form of jet pump. High velocity cn-
gine cxhaust air passing through thc
cjector pulls low speed secondary air
around the jet blast. This reduces pres-
sure in the jet strcam and gives the
velocity shear gradient surrounding it

VELOCITY L550 FT-SEC

1.550 FT/SEC
2150 FT/SEC {
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more gradual character.  As men-
tioned previously, this promising unit
is being developed further to decrease
its weight and the drag of the cjector.

Another basic approach to the noise
problem is a change in turbojet design
so that engine exhaust velocities could
be cfficiently reduced.  Lowered  jet
velocities would have added benefits
hecanse the engine would run cooler,
with longer life and greater safety.

Current transport engines which are
based on military designs require high
turbine  temperatures and exhaust
velocities to operate cfficiently.  Tm-
proved design techniques  developed
since these engines entered production
make it possible to build low tempera
turc, low jet velocity engines which are
as cfficient as todav’s jet transport
powerplants. These engines would re-
sult in about a ninc decibel sound reduc-
tion which is a large step in Hic right
direction.

Quiet vs. Efficiency

Main arguing point against such low
temperature engines is the fact that the
improved design techniques could be
used to produce a more cfficient cngine
with no reduction in noisc. The low
temperature engine is also  slightly
larger then its noisier counterpart and
would thereby tend to increase aircraft
drag in some installations.

One current type of turbojet, which
is as efficient and as quict as the low
temperaturc  engine, is  the  by-pass
engine. Noisc reduction on this power-
plant is achieved in much the same
manner as the nozzle-cjector combina
tion cxcept that the mixing of the low
cnergy secondary flow with the high
B jet exhaust takes place within
the engine. The air which is ducted
around the combustion chamber, tur-
bine and part of the compressor on the
by-pass cngine is mixed with the main
jet in the tail pipe. This gives the
resultant jet exhaust a lower velocity
and less noise. Velocity is especially
reduced in the shear area between the
jet and the outside air.

The third method that the NACA
is considering for reducing noisc is by
varying the “aircraft flight technique,
Chart on puge 73 shows the normal
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Qhtrago Bally Bribune
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Scientists Predict Ionic Beam Engine

cngine has about same noise level as the low temperature engine (sbove, left).
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EXPERIMENTAL noise suppressor is mounted on a test engine at the NACA Lewis Labora-
tory. Nozzle design Jowers noise level effectively but also reduces engine thrust.
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climbing procedure for a jet transport
and its associated noisc. It also shows
one of the recommended Rights paths
resulting from NACA test.

Noise Reduction Technique

The normal technique is to take off
in the jet transport, hold it down until
il accelerates to about 300 kt. and
then begin the climb. This 1s the best
climbing speed and gives the minimuin
time to climb to altitude.

The altemate procedure, which re-
sults in less noise for people on the
ground, is to take off and begin climb-
ing alnost at once at an airspeed of only
180 kt. This climb is maintained at
maximum power until an altitude of
1,000 ft. is reached. Then the pilot
throttles back to 50% power “and
brings the nose down to the point
that will allow him to maintain 180
kt. speed. As shown on the chart, this
procedure makes it possible to reduce
the sound on the ground by 23 decibels
at a point 3.5 mi. from take off.

It is impossible to make any hard
and fast rules about how such climbing
techniques will reduce noise in com:
munities. Local conditions vary too
much for this, but it is probable that
cach separate airport can devise its
own take off rules to greatly reduce
the noise in neighboring populated
areas.

There is the further possibility of
combining all three of thesc general
approaches to the noisc problem to
achieve a single, cconomical solution.
Cost, thrust fosses and weight are all
factors of the greatest importance when
considering devices and procedures to
be used by commercial airlines. While
cffective noise reduction methods ma
be presently available they require much
more development before they will be
acceptable to the airlines.

May CarryMan on Flights in Space

Cleveland, Oct. 7 — Man
should be able to Jeap 1,000
miles into outer space in a
rocket powered ship and stay
up there for months with the
felp of “ionic beam” en-
gines, government. flight re-
search scientists said today.

Eugene J. Manganiello, assist-
ant director of the Lewis
flight propulsion laboratory
of the natiopal advisory com-
mittee for aeronautics, said
that *sustained satellite”
flight would be the next step
after the launching of an
earth satellite. He said the
United States Vanguard earth
satellite is expected to be
Jaunched next spring for a
short flight.

Effective tn Outer Space

He referred to still unde-
veloped *'jonic beam” en-
gines using magnetically ac-
celerated subatomic frag-
ments to power space ships
on long range flights. These
engines would be effective in
outer space where there is no
air to slow up vehicles. A 10
pound thrust ionic engine
could boost a 10 ton vehicle
already traveling at gravity
escape speed of 25,000 miles
an hour to 50,000 miles an
hour for 2 month, experts
said

opening of the

M‘mganiello spoke at the
i ion of |t

BY LLOYD NORMAN
1Cnicane Tribune Prem Service|
reporters that be could not
forecast when the United
States could attempt manned
space flight. He said this ac-
complishment would depend
upon “ the effort, money, and

priority we put on it."
Could Have Been First
He said the Russian launch-
ing of the first earth satellite
last week did not necessarily
imply that soviet aviation re-
search was ahead of the Amer-
ican effort. He said the
eart satellite problems in-
volved more development and
engineering complexities than
basic research. He noted that
the United States has the nec-
essary research knowledge to
launch a manmade *moon,”
and presumably could have
been first into space if the

applied to being first.

NACA scientists described
a two engine rocket that could
launch a man-carrying satel-
lite Into space 1,000 miles
above the earth. The final
rocket vehicle would resemble
an arrowhead plane.

They estimated that such a
rocket might weigh more than
10,000 tons, using current
space rocket fuels of kerosene
and liquid oxygen.

Rely on New Fuels

By using high energy fuels,

he scienti dicted that

the 150 million dollar labora-

some day the l;unching rock-

tory here. The inspection is
held every lhrrej years to ac-
quaint the airéraft imluslryJ
and flight scientists with latest
engine developments.

Abe Silverstein, assoclate

director of the Jaboratory, told |

ets could be reduced as much
as 50 per cent in size.

Oncet he man-bearing space
ship attains the 25,000 mile an

earth's gravity pull, it will re-|
quire a smaller “ putt-putt”|

money and priority had heen‘

engine 1o keep It flying fin
frictionless space. This en-
gine, Silverstein said, may
take years to develop. It will
use a principle already devel-
oped 2nd tested in the labora-
tory—the use of ions [elec-
trically charged: particles of
atoms] 1o provide thrust. lons
could be created in the engine
by a powerful electrical spark,
by atomic heat, or other en-
ergy source generating heat
|of 50,000 degrees Fahrenheit.

The ionic englne requires
powerful magnets to concen-
trate the ions into a beam and
accelerate them at a speed suf-
ficient to propel the rocket
vehicle thru outer space, the
scientists said. The magnets
would need an electric power
source, or atomic power might
|become available eventually,
‘Silverstzin said. Only a few
pounds of thrust could push a
huge space vehicle thru the
|heavens at high speeds, be-
Icause there is no atmosphere
Jzases at that altitude to create
drag.

| hour speed 1o escape from the|
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