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FOR THE RAINBOW

Fastest of the luxurious new transports now
building for airlines of the world, the
Republic Rainbow will cruise at 400 miles
an hour on transcontinental and trans-
oceanic schedules.

Power for this outstanding performance is
supplied by four dependable Prait & Whit-
ney Wasp Major engines delivering a total
of fourteen thousand horsepower.

PRATT & WHITNEY AIRCRAFT

EAST HARTFORD, CONNECTICUTY
ONE OF THE FOUR DIVISIONS OF UNITED AIRCRAFT CORPORATION
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fliers throughout the Midwest. Fliers know
that Omaha has every facility for their safety and

OHAHA Municipal Airport rates tops with

comfort . . . splendid runways . . . ample hangar
space . . . quality products . . . and an expert staff
to provide complete mechanical service and care-
ful attention to their needs.

All this activity 1s under the personal super-
vision of Carl B. Lang — a flier himself for many
years and, during the war, CAP operations ofhcer
for the State of Nebraska. His Lang Flying Service
also operates the first GI training school approved
in Nebraska and is distributor for Luscombe
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e  FINEST AIRPORTS

airplanes.

For more than 13 years, Omahba bas wused and
sold Texaco Aviation Gasoline and Texaco Aircraft
Engine Oil. Airports, aviators and airlines every-
where prefer these outstanding products, for
example — more revenne airline miles in the U. §.
are flown with Texaco Aircraft Engine Oil than
with any ather brand!

For Texaco Aviation Products and Lubrication
Engineering Service, call the nearest of the more
than 2300 Texaco distributing plants in the 48
States, or write The Texas Company, Aviation
Division, 135 East 42nd St., New York 17, N. Y.

. TEXACO STAR THEATRE presents the NEW EDDIE BRACKEN SHOW every Sunday night.
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Super Luxury — Deep Comfort

and relaxation, banishes eramp

and strain, And, from an operating
revenue standpoint, there is a saving in weight
il the seating is designed around AIRFOAM.
For complete technical data on this new ATRFOAM
seat unit that combines superb luxury with
zephyr weight, write: Goodyear, Aviation
Products Iivision, Akron 16, Ohio or

Los Angeles 51, California,

To transport passengers in luxuri-

ous comfort, free from fatigue on longest
flichts, pacemaking new airliners like the
Douglas DC-6 are equipped with deep-
cushioned AIRFOAM seats, and AIRFOAM mat-
tresses, too, in sleeper types. This wonder cush-
ioning—a product of Goodyear research—
cradles the body on millions of foam-

like air cells, insures perlect rest
]

GOODFYEAR

AVIATION
PRODUCTS_

NATIONAL AIRCRAFT SHOW
November 15-24, 1946

SEE THE GOODYEAR EXHIBIT

Airfeam=—T. M. The Geadvear Tire & fubber Compasny
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BRIEFING

Those two Bendix personal planes hive
certninly bheen the cause of plenty of
bangar flying—the rumors, “reports,”
and outright flat statements on Bendix’
plans have heen as varvied as they've
heen numerous.

[t is with eonsiderable reportorial
pleasure that we cun give the right
dope. Bendix has reached the decision
“that 1t should stiek to its knitting as
a producer of those important parts
which it has long supplied to the in-
dustry, and with added emphasis on
similar equipment for the growing per-
sonal plane market.” Aeceording to
Maleolm P. Ferguson, Bendix Avia
tion’s president, “the corporation fe't,
as have so many other eorporations
which have been eonfronted with the
same decision, that over the long pull
it should continue to grow as a partner
to all plane manufacturing enmpanies
rather than to become—even in one
small part of the industry—a eom-
petitor,”

Reason Bendix ever built the planes
18 as inferesting as it is logieal. Over
two vears ago, back in the “postwar
planming” days, Bendix decided to do
a real research job on the personal
plane field—engineering-wise as well
as market forecasting-wise. Prelim-
mary studies showed that development
of improved low-cost eomponents could
he facilitated by actual personal plane
design work; =0 a separate engineer-
ing group, under A. P. Fontaine, for-
mer assistant director of engineering
for Convair, was set up. Success of
the group, reports Mr. Fergzuson, “ex-
ceeded the ecorporation’s hopes and
desires.,” But, the company maintains,
Bendix isn’t going into personal plane
produetion,

Still the $64 question, a5 recards NeT-
sonal planes, is this: How many will be
built and sold next vear? One of the
industry’s most important parts pro-
ducers dropped in the other day just
after a swing around the country, so
we immediately popped the question
at him.

Always eonservative—but plenty ac-
eurate in the past—he begged off on
the whole year's fizures. “The first six
months is as far as I'll go,” he declared
adamantly, “I don’t quite know how
to express it, but I think the boys in
Wall Street would say the market is
a httle ‘soft’ right now. And who
knows what's going to happen to the
country as a whole—too mueh depends
on inflation, which the Administration
at last seems to be admitting is more
than a threat.”
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But he did get ont his peneil and
came up with this estimate for the Arst
half of next vear—24,000. That's a
48,000-per year rate, and would repre-
sent, 1f mamtained, a gain of about
10,000 ships over this year's projected
output,

Remember back in 41 when we
thought 8,000-plus was really some
business 7

But, watch those inventories. The time
has come for manufacturers to resist
the strong temptation fo buy large
quantifies of anything they need at
any priee, say bankers with a weather
eye on their investments, Many finanee
men have grave fears for producers
whose inventories are out of econtrol;
they see a possible downward price ad-
justment in six months or so, and
hope their clients don’t get left hold-
ing the bag. Of eourse, if you haven'|
heen able to aceumulate an inventory,
you have nothing to worry abont.

Gauntlets across the ocean. ()i his re-
turn to England from his recent
American tour, Air Commodore Frank
Whittle, father of British jet propul-
sion, is reported to have observed that
American jet engines are approxi-
mately two years behind the British.
That, it seems, is a real challenge to
Ameriea—or at least to those respon-
sible for allocation of research and de-
velopment funds and faeilities,

And in that same report was a chal-
lenge to British aireraft builders—a
¢hallenge we here in the U. 8. know
they've taking up. The Air Commo-
dore made his flight to Ameriea in a
Liberator (built in this country by
Consolidated Vultee) and returned to
England in a Constellation (built in
this eountry by Loekheed ).

Dial system for missiles. All vou will
have to do is set the dial—on Blohm &
Voss, Hamburg, for example—anid
push the lnunching bntton. With tech-
nology taking eare of the rest, the mis-
sile will sear on its way to the prede-
termined objective. Sounds fantastic,
but it is the prediction of a praetieal
dreamer whose company name is among
the most familiar in American indus-
try. Another possessor of praectieal
imagination—fellow named Larry Bell
—prediets the possibility of missiles
zuided hy the stars and having speeds
of 5-10,000 mph.

It's good we have men like this,
because the Russians are losing no
time in improving on German guided
missile developments.

Built-in tailwind. Two generations of
hangar flyers have talked about air-
eraft with built-in tailwinds. Now any-
body ean have one if he follows the
teehnique of pressure avigation [see
page 187, May 1945 Aviarion). Ths
method of eatehing the tailwinds that
lurk around the edges of low pressure
arens has been demonstrated by the
formidable flicht of the Navy's Trueu-
lent Turtle, For the record, this
Wright-powered Lockheed P2V Nep-
tune patrol bomber flew nonstop from
Perth, Australia, to Port Columbus,
Ohin, a distanee of 11,236 mi., in 55
hr., 15 min.

Toe many companies. You don't need
to be an Einstein to figure out that
too many new eompanies plan to erash
the personal aireraft field. In faet, there
are too many in it now, If vou simply
divide the most optimistic market es-
timate by 200 you ecan see how little
volume there will he for each one. The
hour is growing late and it takes
longer than you think to get started.
So if you have ambitions to be presi-
dent of vour own lightplane company,
you better buy an outfit already run-
ning. If you have a design so hot that
it ean’t help eapturing the lion’s share
of the market, you might do better for
yourself and your sponsors if you sell
the desien to some going coneern.
Don't believe Emerson’s bunk ahout
eustomers beating a path to your door.

Down the Years in Aviation's Log

25 Yr. Ago (1921)—Bert Acosta wins
Pulitzer Trophy in Curtiss CD-2 Navy
racer, at 177 wmph, . . . Army JL-12
Liberty-engined, heavily armored at-
tack plane, earrying 30 machine guns,
flies N. Y. to Washington in 214 hr.
against 60 mph, headwind. . . . Army
builds 180,000 eu.ft. airship hangar
at Aberdeen, Md. . . . Sgt. Chambers
makes 24,850 ft. parachute jump at
Fort Sill, Okla. . . . Gen. Mitehell
hreaks Dayton-N. Y. record in 3 hr.
35 min., flyinge DH-4 blind most of
the way.

15 Yr. Age (1931) — Pangborn sund
Herndon fly nonstop from Tokyo to
Wenatchee, Wash., 4,588 mi. in 41 hr.
13 min. in P & W Wasp-powered Bel-
lanea, . . . Ludington Line shows profit
of $8,073 for year. . . . Airlines on
West Coast eut rates to 3.9¢ per mile.
. . . Japan now 1is sixth in air strength.
. + « Crashed Junkers trans-Atlantie
plane Esa kept afloat 158 hr. by wing
fuel tanks.
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It's NEWS when a Silicone

insulated motor fails

EVEN UNDER MOTOR KILLING TEST
CONDITIONS
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Silicane Imiviofed Molor
failed offer
5178 hovrs af 300°C,

Class B Innlated Malor
failed after
3760 hours ot 200°C.
In spite of operotion for a longer lime ol o femperature
100°C. abave the operating lemperature of the Closs
moftor, both windings lock obout alike and show obout
the same degree of deleriorafion,

For three years we have subjected Silicone
insulated mators to occelerated life testing
in our Motor Test Laborotory—trying to
moke them faoil so that we would have a
better idea of how good Silicone insulation
really is. In addition to drastic thermal aging
at 200°C. to 310°C. [590°F.), the test cycle
includes exposure to 100, relative humidity
for 24 hours followed by a high potential
test. Even with such abuse, only one Silicone
insulated motor hos foiled—and thot is o

mast significant failure.
You can do a lot with a margin of 100°C,

above the top limit for Class B insulation,
Before long that will show up in new designs
for motors. Right now standord frame
motors rewound with Silicone insulation will
give you:

Much greater reliobility.

Greater overload protection.

Immunity to ambient temperatures.

Greater moisture resistance,

Reduced fire hozards.

Instructions on how to apply DC 996 are
contained in leaflet No. G 3-2.

AND ALSO theres are now available DC
Silicona Greases described in leaflet Mo.
G 7-2; Silastic® insulated lead wire; and DC
Silicone paint resins to supplement silicone
insulation for motors operating at high
temperatures,

*Trade maork, Dow Coming Corporotion

DOW CORNING CORPORATION
MIDLAND, MICHIGAN

Chicage Office: Builders' Building
Cloveland OFice: Terminal Toweaer Building
Mew York Office: Empire Stole Building
In Canoda: Dow Corning Products Distributed
by Fiberglas Conada, Lid., Torente
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NEW PRODUCTS

KEEP POSTED ON

Products and Practices

This selected information on new products and publications is
offered by the "AVIATION" Reader's Service through cooperation

with the manufacturers.

provides profit through convenience.

It helps executives save valuable time,

To obtain additional data

on new products described, or copies of literature, simply fill in
form (on page 11 or 133), clip it to your letterhead, and mail.

There is no cost, no obligation.

Aircraft Tachometer............... 1

Described by company engineers as
world's smallest, new eleciric aircraft
tachometer has been developed by Gen-
eral Electric Co., Schenectady, N. Y.,
on request of a large West Coast air-
craft manufacturer. Instrument has
scaleplate that 15 nearly one-third
smaller in dia. than previous models.
It is operated on magnetic drag prinei-
ple, in which magnets rotate at a speed
that is proportional to engine speed
and cause a drag disk to drive pointer
up & scale. Pointer on indicator comes
to rest when torque exerted by drag
disk equals torque of a calibrated con-
trol spring on pointer shaft—AVIA-
TION, Nov., '46.

New Goggles. .....ccoveenarransnrsit

Developed during war for Navy and
now available for civilians, new aviation
goggles are announced by American
Optical Co., Southbridge, Mass. Goggle
is & one-piece chamois-lined unit fea-
turing venturi tubes for controlled ven-
tilation, has polished nickel finish of
metal parts, also an extra-long, adjust-
able headband. It also has narrow eye
wires and new bridge designed to give
a greater field of vision. Goggle can be
obtained with glare reducing, invisible

A WO R D
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rav-absorbing lenses or, if desired, with
non-absorbing lenses where glare re-
moval is not essential. It is optically
ground and has polished 900 base
curve lenses.—AVIATION, Nov., '46.

Meal Tray: i iidia sni s e Y |

Made of metal alloy with baked-on
heat-and-cold-resistant finish, the new
“Flite Tray,” designed by Martial &
scull, New York City, weighs but 20 oz,
It has cover which fits underneath,
forming insulation space for use in deep
freezing units and de-freezing ovens

when frozen foods are used. Indentures
in tray provide locations for food con-
tainers. Fillers are cardboard or plastic
and are designed to prevent spilling of
liguids under rough fight conditions.
Tray is 12% x 10% X 1% in.—AVIA-
TION, Nov., "46.

Tripod Jack...iicviivavivnssanvnse ]

Hydraulically operated and having a
working height from 56 to 112 in., new
10-ton tripod aerojack is made by Air-

AVIATION, November, 1946

quipment Co., Burbank, Cal. Unit is
constructed of steel tubing, with tripod
legs supported by spring casters for
mobility. In operation, casters retract
when load pressure reaches about 1.000
Ib., setting jack on ground. Maximum
lift height of basic unit is 95 in. Height
can be inecreased to 112 in. by use of
high adapter cap. Jack has grooved
pins to facilitate assembly and disas-
sembly. Ram movement is powered by
manually operated hvdraulic pump.—
AVIATION, Nov., "46.

Aircraft Energizer........... PRSI,

Stated to incorporate in its design
specific recommendations of five major
airlines, new aircraft energizer has been
developed by D. W. Onan & Sons,
Minneapolis, as a source of auxiliary
electric power for on-ground servicing
of large transport and passenger planes.
It provides .output for starting main
engines at sub-zero temperatures,
checking lighting circuits and wiring,
testing radio equipment and landing
gear, and operating heaters. Self-con-
tained and enclosed in a sheet steel
weather-proof housing, unit is mounted
on a rubber tired three-wheel dolly.
Generator, rated at 5,000w. and directly
connected to two cylinder air-cooled
gasoline engine, supplies either 12 or
24v. Four heavy duty batteries, in-
stalled as part of unit and recharged
by energizer, are floated across line.
With a continuous output rating of 200
amp. at 24v, it has & 5 min. maximum
output of 600 amp. If power demands
are unusually heavy, two units may be
connected in parallel and combined
output utilized —AVIATION, Nov., "46.

Handlever Turret............... -

Made by South Bend Lathe Works,
South Bend, Ind., for use on company's
9 In. lathes, new tailstock type hand-
lever turret mounts on inside wavs of
bed in place of regular tailstock. Six
station turret head accommodates tools
with 5% in. dia. shanks. Index lock re-
leases automatically at end of turret
slide’s return stroke, and indexing is
done by hand. Length of cut at each
station is regulated by means of an ad-
justable screw. Stop mechanism is

AVIATION, November, 1946

geared to operate in unison with index-
ing of turret, and operations can be re-
peated or skipped at will. Turret slide
has maximum stroke of 3% In.—AVIA-
TION, Nov., "16.

Alrcraft Relay........ .o nnnanss 7

Protected against damaging action of
humidity, sand, dust, and salt spray,
and stated to meet operating conditions
up to 10G vibration and acceleration,
new direct current solenoid type relay
now available from Leach Relay Co.,
Los Angeles, was designed for feeder
tyvpe planes and small personal aircraft.
It is stated to be capable of operating
at altitudes up to 50,000 ft. and at
temperatures between minus 54 and
plus 71 deg. C. Designated as type No.
T064-534, it is supplied with intermit-
tent duty coils for motor starting appli-
cations. Type No. T064-534 C has coils
for batterv switching, motor control,
and aireraft radio switching and light-
ing. Contacts are made of silver alloy,
are of % in. dia., and rated at 100 amp.
at 12v. d.c. or 75 amp. at 24v. d.c. De-
pendent on voltage and operating re-
quirements, coils have a resistance of
from 8.5 to 110 ohms. On intermittent
duty, coils consume about 15.12w. and
5.23 for continuous duty. Relay weighs
about 8% o02.—AYIATION,. Nov,, 'i5,

De-lcer Ceating........... ... 00nus 8

To give aircraft de-icers a protective
summer coating, to be peeled off when
icing weather returns, new sprayv-on
material has been developed and is
being further tested by B. F. Goodrich
Co.,, AKron, Ohio. Material is aluminum
color, and is stated to curb sun's ultra-
violet rays, which are chief factors in
aging resulting from exposure. Color
helps keep de-icers cooler by reflecting
sun's heat. Time required to spray a
plane size of DC-3 is stated to be less
than three hours. Trials indicate this

size plane would require about 14 gal. |

of materinl. —AVIATION, Nov., '46.

Airliner Buffet.........c.covevvuvsns 9
Specially designed airliner dining buf-
fets are being produced by Harrington

Mfig. Co., Mansfield, Ohio, one 1llus-
trated being exclusive company design

TRACING CLOTH

for

HARD PENCILS

@ Imperial Pencil Trocing Cloth has the
saome superbly uniform cloth foundation
ond transparency as the world famous
Imperiol Tracing Cloth. Butitis distinguished
by its special dull drowing surface, on
which hord pencils con be used, giving
clean, sharp, opaque, non-smudging lines.

Erasures are made easily, without
damage. It gives sharp, contrasting prints
of the finest lines. It resists the effects
of time and wear, and does not become
brittle or opaque.

Imperial Pencil Tracing Cloth is right
for ink drawings as well,
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IMPERIAL
PENCIL
TRACING
CLOTH

SOLD BY LEADING STATIOMERY AND
I DRAWING MATERIAL DEALERS EVERYWHERE. I
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" THE DANGER LINE for present day high speed aircraft has been the speed at which the plane
enters the supersonic shock-wave pattern — a speed which varies with altitude. An important part of Kollsman's
development program for the past several years has been instrumentation for high speed subsonic and supersonic
flight. Among the developments is the new Kollsman Mach Air Speed Indicator. The broad red pointer moving
over the dial of this indicator reports critical speed as it changes with altiude and thus gives the pilot constant
warning of the point at which the plane will enter the dangerous compressibility pattern. Operating airspeed

indicated by means of the white pointer on the same dial. The relationship of operating airspeed to the critical speed is,
therefore, constantly apparent at all altitudes. On the mechanism which actuates the red pointer, settings are provided

both for the proper Mach Number and the maximum operational speed for the particular design of aircraft being flown.

KDLLSMFIN AIRCRAFT INSTRUMENTS

PRODUCT OF

SQUARE [) COMPANY

ELMHURET, HEW YORK GLENDALE, CALIFORNIA

8 AVIATION, November, 10846
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The Unhatchable Egg

Research engineers out at Lock-
heed have been crowing about
their new egg that flies but won’t
hatch. It’s a Constellation engine
assembly called the Universal
Power Egg, and the wayitsimpli-
fies maintenance is something.

Forinstance: gone are the antics
that crews used to go through
trying to expose an engine on a

transport. Hinged, detachable
cowl panels on the Ege flip back
likethehood onacar, and there’s

your engine. ’

What's more, the oil tank in the
Egg is forward of the fire wall.

This may not sound exactly sen-
sational, but one of the big time-
eaters during engine changes
has always been the inaccessi-
bility of the tanks for cleaning.

The Power Egg is so universal
that, theoretically, you could in-
stall Wrights on one side of the
Constellation and P&W’s on the
other. No airline has tried this.

The previous Egg was all right;
but Lockheed characteristically
developed a better one. And it's
this kind of self-starting ingenu-
ity that makes good pilot-room
talk and better ships.

Ltol forl

£ 1944, Lockheed Afreraft Corp.. Burbank, Calif.

for use in DC-6s5 for American Airlines.
Buffet is made in two sections. Forward
portion is pictured here; after section
consists of locker space. It will be noted
that side of unit is shaped to fit inner
contour of plane.—AVIATION, Nov.,
‘46,

Drawing Pad Scales Sketches...... 10

Designed for use by draftsmen, de-
signers, and engineers, new scale draw-
ing pad, offered by Jiffy Sales Co.,
Cleveland, is made to enable properly

 proportioned drawings to be made

without use of ruler, drafting board, or
T-square. Pad contains 75 sheets of
tracing tissue, enclosed within a cover
jacket that consists of four cardboard
flaps. Various scales are printed on
three of flaps. Pad is used by folding
back cover flap and placing tissue over
scale to be used. Drawing is made to
scale with aid of printed lines which
show through tissue. Three scales given
are: 1 in. and 1/10 in.: 1. %, %4, and 1%
in.; and isometric. Drawings made on
pad may be blueprinted. There are no
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ruled lines on tissue. Pad measures
0 x 12 in. Information is printed on
back of each cover flap, including basic
mechanical drawing standards, elec-
trical, welding, and architectural sym-
bols, decimals of a foot, decimal equiva-
lent of fractions, with circumferences
and areas of circles—AVIATION, Nov,,
46,

Aircraft Instrument Ofl............ 11

The Texas Co., New York City, an-
nounces new oil specially developed for
gyro instrument service in aireraft.
Company states product meets require-
ments of Army-Navy Aero Specification
AN-0-6a.—AVIATION, Nov, 46,

Yacuum Tube Socket.............. 12

Made by assembling required number
of “flen” contacts in square holes
pierced in a chassis of insulating mate-
rial, new type of sub-miniature tube
socket contact, stated to meet all elec-
trical and mechanical requirements, is
made by Instrument Specialties Co.,
Little Falls, N. J. Contacts. designed for
use with sub-miniature tubes having
co-planer leads with a spacing of 0.50
in. or more, are made from beryilium

copper. Lower end of contact is formed
into an open U section which permits
pushing contact into square hole. This
automatically wedges it in place to
withstand a withdrawal force of 2 to 5
Ib. per contact. Self aligning and self-
cleaning, contacts are spaced far enough
apart to permit wiring and soldering.—
AVIATION, Nov., "46.

Rotary Actuator ................. 13

Developed by Lear, Inc, Grand
Rapids, Mich., and finding applications
in aircraft industry, new small rotary
actuator, Model 181, weighs 0.60 lb. It
has been made for loads ranging from
0.1 to 15.0 lb.-in., and speeds from 2.5
to 3756 rpm. With limit switch and AN
connector it weighs 075 lb. Unit in-
corporates new motor, the “G" Irame,
of intermittent duty, split series or
single field type, developed for either
reversible or continuous rotation. It
has output ratings from 04 to 15w. at
24v. d.c. Motor is made in a.c., d.e., and
universal types for wide range of volt-
ages. Units are made available without
limit switches and for multiple position-
ing. Where accurate positioning is re-
quired, a brake can be provided between
motor and gear box. Magnetic discon-
nect clutch can be supplied for special
applications requiring a free running
output shaft when unit is not energized
electrically. Actuator has been de-
veloped for such applications as remofte
valve operation for fuel, oil, and air sys-
tems: tuning motors for radios; and
remote controls.—AVIATION, Nov., "46.

Unloading Valve ................. 14

Functioning as a pressure regulator,
automatically unloading pump as accu-
mulators reach a predetermined maxi-
mum pressure, and used with accumula-
tors to control maximum and minimum
hydraulic system pressure, regardless of
flow rate, new 3,000 psi. unleading valve
is announced by Vickers, Inec., Detroit.
It has nominal rated capacity of 16
gpm. and has bullt-in accumulator line
check valve. No external adjustments
are required for installation, since unit
is preset at factory.—AVIATION, Nov,,
"46.
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Flight Test Potentiometer...... AP |

Van Dyke Instruments Co., Tarzana,
Cal., offers new potentiometer described
as linear wire-wound resistor of helical
type specially designed for flight test
and allied instrumentation work where
weight, size, and dependability are pri-
mary. Both five- and ten-turn units are
available, and units having odd num-
bers of turns and special resistance
values can be supplied. Also housings
having collet type shaft locks can be
provided on order. Standard ten-turn
potentiometer has body length of 1%
in, and weight of less than 2 oz. Other
specifications: Rotation, 3,600 deg. plus-
or-minus 10 deg.; resistance, normal
tolerance plus-or-minus 5% (values up
to 6,000 chms per turn can be supplied);
linearity, better than .5%; and power
rating, 1.5w. at 55 deg. C—AVIATION,
Nov., "46.

Tanl B i Satee s e e iy 16

Consisting of interchangeable tools
carried in hollow Celanese plastic han-
dles, new “Hallowell” tool kits are made
by Standard Pressed Steel Co,, Jenkin-

AVIATION READER'S SERVICE

Please send me additional information on
items Indicated (write number in elrela)

town, Pa. Seven kits contain 50 tools,
and three kits have swivel bit-chucks,
which give five different driving or
wrenching positions. Applicable kits are
made up as follows: Socket screw kit, In
two handle sizes with a swivel bit-
chuck, containing keys for driving
socket set, cap, Phillips, and slotted
head screws: and socket wrench kit
(illustrated), in two handle sizes, with
swivel bit-chuck, containing 6 and 12
point box sockets from No. 4 up to and
including %% in.—AVIATION, Nov., "46.

Color Code Guide ...........000 17

For radio and electronic type resistors,
new RMA-JAN color code guide Iis
marketed by Allied Radio Corp., Chi-
cago. Three rotary disks are provided
for setting code colors and correspond-
ing resistance values, which are brought
into line automatically. Included are
data covering resistance tolerances and
complete listing of RMA-JAN 10% re-
sistor stock values.—AVIATION, Nov,

'48.

Information Tips

ENGINEERING DATA

Ball Bearings .........ccocnnravens 18

Series of three books [ssued by New
Departure Div.,, General Motors Corp,,
Bristol, Conn., cover principle bearing
typeg, fundamentals of mounting prac-

tiee, description of shaft and housing de-

signs, and detalls of lubrication for all
operating conditions.—AVIATION, Nov.,
145.

Men-Metallic Materials ........... 1%

Bulletin No. GF § from Continental
Diamond Fiber Co., Newark, N. J., glves
engineering and technical data on non-
metallic materials, including Diamond,
Dilecto, Vuleoid, Celeron, Micabond, and
Dilectene.—AVIATION, MNov., '46.

Metal Protection ........cccvuvuns 20

American Chemical Paint Co., Ambler,
Pa., has Issued Data Sheet No. 7-16-100
on rust proofing process for aluminum
and its alloye, and Sheet No, P-100-21 on
rust proofing chemicals, protective coat-

{ Tontinued on page 131)
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PRECISION OF METAL!

Die-cutting of felt parts is a precision
job at Booth.,,. often to tolerances
usually associated only with metal.
Every order, big or little, is given
interested and immediate attention.
You receive only precision-cut felts of
uniform quality and stamina, We in-

vite your test of Booth Felt Economy,

APPLICATION CHART AND
SAMPLE KIT...contains swatches

of §.A.E. felt types, with specifi-
cation tables. Write for it, (No
sales follow-up.)

THE BOOTH FELT COMPANY

482 19th Street Brooklyn 15, N. Y.
745 Sherman Street Chicago 5, IlL
2218

IRADE EmaARE

PRECISION CUT

FELT PARTS

11



When History
Repeats Itself..... COVERED WAGONS will FLY

to Sutter’s Creek

- sl — -.'.'_."'-'_T"'T-=-- - '_
A man had plenty- etpepraw i beard on the

long jaunt to California back in 1849. Hopeful

gold-seekers spent months making the tortuous trip
across the country to Sutter’s Creek. Rumbling
along in creaking Conestoga wagons, progress was
mighty slow, particularly over the rugged Rockies.
Next time, powerful Fairchild Packets, capable of
transporting tons through the air at 200 mile-an-
hour speed, will be ready to whisk men and equip-
ment to the scene of the fabulous Gold Rush in a
mere matter of hours.

The remarkable progress already made by the air

—

freight industry is a tribute to the designers of
American cargo-carrying aircraft. Flying tons of
merchandise swiftly and safely calls for aircraft de-
signed for minimum weight and maximum strength,
advantages inherent in OSTUCO Steel Tubing.
Through experienced craftsmanship and rigid ad-
herence to quality standards of production, The
Ohio Seamless Tube Company has helped solve
many perplexing design and structural problems
for the aviation industry. Expert research and ad-
vanced methods of manufacture assure the con-
tinuance of this important service in the future,
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THE OHIO SEAMLESS TUBE COMPANY 07’[’0

SALES OFFICES: Chicage 6, lllinois, Civic Opera Bldg., 20 Morth Wacker Dr.; Cleveland 14, Ohio, 1328 _

Citizens' Bldg.; Detroit 2, Michigan, 2857 E. Grand Blvd.; Houston 2, Texas, 927 A M & M Bldg.; Los .

o

Angeles, Calif.; Svite 200-170 So. Beverly Drive, Beverly Hills, California; Meline, lllingis, 225 Filth Avenve

nication at/|its

The Collins 51H-3 aircraft radio receiver provides
reliable reception within the range of 1.5 mec to 18.5
me. Ten Autotune controlled channels can be preset
to any ten desired frequencies. Individual channels
can then be selected by means of a tap switch—the
Autotune system automatically resets all variable
tuning controls to the wanted frequency.

Thorough engineering of every detail has resulted
in outstanding performance with a minimum of at-
tention. Among its many desirable features, the
531H-3 has automatic volume control, automatic
noise limiter, and automatic tuning—the operator
merely selects the frequency and listens. Remote
control is incorporated for operating convenience.

IN RADIO COMMUNICATIONS, IT'S . ..

n

Self-contained calibrating facilities enable the op-
erator to preset the channels to the precise frequen-
cies desired, No calibration manuals or external
signals are needed. The overall stability, under the
wide operating conditions allowed, is within 0.049,
of any operating frequency. Selectivity and sensi-
tivity are of a very high order.

All parts are quickly and easily reached. A single
1 ATR unit cabinet contains the receiver and dyna-
motor power supply. Overall weight, including
shockmounts, is 44 pounds. A 26 volt d-c power
source is required.

We will be pleased to send you complete details.

Bidg.; New York 17, Mew York, 70 East 45th Streel; Philadelphia 9, Pa., 123 5. Broad 5t.; 5t lovis &, Plant and Main Office
Missouri, 1230 North Main 51; Seallle, Washington, 1911 Smith Tower: Syracuse, Mew York, 501 Roberis

Ave.; Tulsa 3, Oklahoma, Refining Engine & Equipment Co., 604 Ten E. 4th S1. Bldg. SHELBY, OHIO
® Conadian representative: Roilwoy & Power Engineering Corp., Lid, Homilton, Monireal, Moranda, Morth

Bay, Toronlo, Yoncouver, Windsor and Winnipeg.

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, New York 18, N. Y.

4358 South Spring Street, Los Angeles 13, California

MANUFACTURERS OF S EA MLES S A ND ELECTRIC-WELD STEEL TUBING

AVI B Bl o
13 AVIATION, November, 1046 ATION, November, 193 13



MNew Bellanca “"Cruisair’ .

LARGER PROFITS...LOWER SALES COSTS...BETTER CUSTOMERS

. . 150 H.P., 4-place model. Factory-equipped with an Aeromatic, it does 169 M.P.H.

when you sell AEH“MATIB PHI]PE”.EHS

SHOW PRIVATE FLIERS HOW THEY IMPROVE TAKE-OFF, CLIMBING, CRUISING, LANDING

That’s right! The Aeromatic Automatic Variable Pitch
Propeller is loaded with advantages . . . both for you

and your customers!

For You . . . it means sizable profits . . . built on the big
improvement Aeromatics make in light plane efficiency.
It means lower sales costs . . . because Aeromatic’s basic
features are easier to demonstrate, simpler to sell than
most high Quality Equipment. It means building better
customers . . . because Aeromatic owners get more fun
out of flying . . . fly more . . . buy more of your other
goods and services. And they're enthusiastic about
“selling” their friends on the advantages of owning an
Aeromatic!

For Your Customers . . . it means up to 339% shorter
. up to 25% faster climbing . . .top
cruising performance on minimum fuel consumption. ..
long, flat glides for safe landing with a quick pick-up

if the pilot overshoots his field. All without any extra

take-off runs . .

controls or gadgets. The Aeromatic is the only fully
automatic variable pitch propeller. It varies its own
pitch in response to natural forces . . . utilizes full engine
power at rated speeds . . . insures maximum perform-
ance under all flight conditions.

Write today to your distributor or manufacturer. Send
them this profits-plus-performance story. Find out
whether Aeromatic Propellers can be made standard or
optional equipment on the planes you sell . . . to boost
the value of every sale you make: Aeromatic, 641 Scott
Street, Baltimore 3, Maryland.

Aeromatic propellers are also

factory equipment on:
Globe Swifts . . North American Navions . . Johnson Rockets
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Aeromaster Adjustable Pitch
Propellers . . Republic S5eabees
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THE PROPELLER WITH A BRAIN FOR EVERYMAN'S PLANE
Air-controlled outomatic propeller
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AVIATION, XNovember, 1946

= | BEHIND

THE TIMES !

between his work and
the right driver — this
unlucky workman takes
plenty of punishment
and is always “behind
the times” on the job!

ahead of time, this mod-
ern craftsman knows

“Any Reed & Prince
driver fits any size or style
Reed & Prince Recessed
Head screw or bolt.” He's

always “A HEAD of the
Times!”

REED & PRIN

MFG- Co- __
WORCESTER, MASS.  CHICAGO, 1

Write us about your fastening
problems TODAY!

AVIATION, November, 1946
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BERRYLOID
is Tops

e

Refinishers, the country over, all say the same
thing. For more than 30 years Berryloid has

been the leading line of aircraft finishes—

preferred alike by plane builders, refinishing
“I’ve used Berryloid ever since I learned how  shops and owners.

to use a spray gun, and I've found the same Recent expansion in our distribution makes it
uniform, dependable quality all the time. . 1 0 ooonto get these popular materials

Berryloid is ‘tops’ with me!” quickly, wherever you are.

\ A‘f A’ fa]' F R E E Ask Air Associates or your distributor or write

us for any further information you need.

Manual BROTHERS

Paints-Varnishes-Enamels-Lacquers
Detroit 7, Mich. Walkerville, Ont.

: Contains helpful, practi-
cal infoermation on

Berryloid materials and  u o or 0. JERSEY CITY - CINCINNATI - CHICAGO * ST. LOUIS
systems. Write for your

free copy. INGLEWOOD, CALIF. * MONTREAL = WINNIPEG * TORONTO

BERRYLOID

. Aircraft Finishes

16 AVIATION, November, 1946

AVIATION, November, 1046

A Handbook on Welding Aluminum

Y, Are you welding aluminum now? Do you
plan to weld aluminum in the future?
If so, this book is for you!

WELDING ALUMINUM HI—HE':-, a new up-to-the-minute book, “Welding Aluminum,”
that presents a concise, authoritative discussion of prob-
lems dealing with welding aluminum and aluminum alloys.
Many new war-developed applications are described. Under
a single cover, i handy usable form, you will find detailed
information on 11 aluminum welding processes, from edge
preparation to finishing, a comprehensive discussion of alu-
minum alloys and tempers, and helpful tables on proper-
Lies, gauges, sizes, and strengths.

—

[ I.-l-h-.-,m_rnn::F"-l- e

“"Welding Aluminum” is clearly illustrated with 44 in-
teresting photographs and graphs of welding operations. If
you work with aluminum, you'll find “Welding Alumi-

num”, prepared by the technical staff of the Reynolds
Metals Company, an invaluable reference book.
How do you get your copy? Simply £l out the coupon
on this page and mail with your check or money order for
one dollar, to cover the cost of printing and mailing, to

Reynolds Metals Company, 2500 South Third Street,
Louisville 1, Kentucky.

e, - 83 PAGES packed with accurate up-to-the-
_ e L . 3 T i minute facts, hgures, and photographs—about
e, - GAS WELDING Carbon-Arc Welding
Edge Preparation Atomic-Hydrogen Arc Welding
Cleaning and Preheating Inert-Gas-Shielded Welding
Welding Flame RESISTANCE WELDING
Welding Rods Spot Welding
Welding Fluxes Seam Welding
Heat-Treatable Alloys Flash Welding
Aluminum Castings BRAZING ALUMINUM
ARC WELDING Furnace
Metal-Arc Welding Torch

SOLDERING ALUMINUM

r—------‘--------_—------.’

ALLOY SELECTOR

One of the bandiest calculating devices ever —
developed . . . simple . . . accurate . . . fast, Cal-
culates weights of aluminum, magnesium,
steel, brass, copper, and nickel. Only $S.50.

(Check space in coupon.)

{ ) Please send me a Reynolds Aluminum Alloy Selector. I enclose $1.00.
() Please send me a Reynolds Weight Calculator, 1 enclose 50 cents.

Just two settings o place at your fingertips the ! Reynolds T'-IEI:H.!S Company s REYNOLDS
mechanical properties, chemical composition, ¥ 2536 South Third Street ) B
physical constants, thermal treatments, and  J  ouisville 1, Kentucky
specification numbers of 18 aluminum alloys. g FPlease send me "Welding Aluminum.” I enclose $1.00
Price 51.00. (Check space in coupon.) 0 (check or money order) to cover the cost of printing
and mailing.

[

I NAME

I rrrie

I COMPANY

I

: ADDRESS =y
METALS WEIGHT CALCULATOR £

i LY LONE STATE

3

!

PLEASE PRINT OR TYPE CAREFULLY

17
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They fly
the air lane of

fire protection

On many a famous-name plane, you'll find
Kidde carbon dioxide extinguishing systems on
guard against engine fires. Y Kidde
systems are standard equipment on the
production models of these outstanding aircraft
types: BEeca MopeL 18, BENpix MoODEL
"T"" HELICOPTER, BoEING 377 (STRATOCRUISER),
ConsoripATED 240, DouGcLAs DC-6, and the
MarTIN 202. Y In addition, you will
find Kidde systems on the experimental
models of many other new, fast, high-
altitude planes. Y Convincing
evidence that the leading plane
manufacturers prefer Kidde!

trade-marks of Waller Kidde & Compony, Inc.

@ The word "Kidde” ond the Kidde secl ore

H'm;:i;iﬁﬂﬂn Street, Belleville 9, New Jersey

%':" o e .

C-47 C-54

= Kidd
A R N1 &

AVIATION, November, 1946

For conversions... maintenance...service... USE

Only Douglas
Approved Service Centers
are equipped with
Douglas Data
and “Know-how"’

To provide the operators of Douglas transport aircraft
with reliable sources of conversion and overhaul work
at reasonable cost, Douglas has designated throughout
the world a number of conveniently located organiza-
tions known as Douglas Authorized Conversion Cen-
ters. And, as a necessary following service, providing
quality routine maintenance and repairs, Douglas has
also appointed Douglas Approved Service Centers.
Only these authorized centers have access to Doug-
las field and factory technical assistance, quality con-
trol methods, and a direct pipeline to the latest Douglas
information vital in making top quality conversions

and repairs.
Write: Service Manager, Douglas Aireraft Company,

DC-3 DC-4

Ine., 3000 Ocean Park Boulevard, Santa Monica, Califor-
nia, for name of Douglas Authorized Conversion Cen-
ter or Douglas Approved Service Center nearest you.

SPARE PARTS WARRANTY POLICY. This company’s
standard warranty policy as applicable to new spare
parts will be extended only to parts manufactured by
the Douglas Aircraft Company. Such warranty applies
whether the parts are supplied directly by Douglas,
obtained from Government sources and supplied
through Douglas in accordance with the War Assets
"Administration agency agreement, or procured by the
ultimate consumer through authorized dealers or
agents of Douglas. Warranty adjustments, in all cases,
will be handled through the procurement source,

For more complete information, write:

DOUGLAS AIRCRAFT COMPANY, INC., SANTA MONICA, CALIFORNIA

e e e e e - ( (e e e ————rr—————— v

AVIATION, November, 1948




FOR GOOD LOOKS THAT COMMAND ATTENTION—IT’S UNIFORMS OF

REEVES ARMY TWILL

= Ne—
= e
| fﬂ_‘"‘ﬁ"n _LH & sy

i{ Look For This Label
In Your Uniforms

and Work Clothes!

SM.&RT APPEARANCE 15 an asset in any business. That's

why it’s wise to specify Reeves Army Twill for uniforms
and work clothes that always look their best. Their

high tensile strength assures rugged wearability. Vat A“Y AIRPORT I.ooxs

At your airport or airpark you want planes to land, not
just because they are forced to do so, but because their
pilots and passengers want to enjoy the benefits of your
facilities and accommodations.

dyed colors are fast to sun, water and perspiration.

: : ; . It is yet hard to get the kind of modern facilities which

Sanforized Shrunk®, th . Y &
0 :fr..f:r i ‘ﬂfﬁ' . IE‘“‘I‘: the";z“"" ‘3‘1;’5“51 GOOD IN A FORCED will attract traffic in the future as more and more airports
[; Pf. k e A ; §—=Uyor ml_ 2 and airparks spring up to offer competition. However,
;}“ F_Farfiﬁﬁ‘}h Fhlﬁfsame f“m:‘ﬂd fahg: helped equip waiting a little longer for your Butler-Built radial hangars
merica s nghtng forces—exceeding Lrovernment spe- and administration buildings will forstall future competi-
cifications under the toughest combat conditions. u"DI“Gf B“T eee tion. Why? Simply hemusf the advanced engineeringpand
*Residual shrinkage less than 1% design of Butler-Built hangars and administration buildings

dates them far ahead into the future,

Shortage of materials is the only reason why you can-
not install today the buildings which will be the class of
the airfields tomorrow. We hope they will be coming off
the production lines in time to help take part in the spring
clean-up of your airport.

BUTLER®.BUILT

Reg U5 Pal. 08

STEEL HANGARS e STEEL BUILDINGS e REFUELING UNITS
BUTLER MANUFACTURING COMPANY

Foctories: Kans~s City, Galesburg, Minneapolis
Sales Offices: 7406 Castern Ave., Kansas City, Mo.
§06 Sixth Ave., 5. E. Minneapolis, Minn.

THE REEVES FABRIC GROUP INCLUDES :

Reeves Army Twill = Glengarrie Poplin
Reeveking Gabardine +  Byrd Cloth
Marine Herringbone * Mountain Cloth
Warrhhr Twill = Pima King Broadcloth

MADE OF FINE COTTONS

REEVES BROTHERS, INC.

54 WORTH STREET, NEW YORK 13, N. Y.

REPRESENTATIVES IN Atlanta * Boston * Chicago * Dallas = Los Angeles + Philadelphia + St. Louis + Montreal * Toronta

el AVIATION, November, 1946 AYIATION,; Novenber, 1348 21



Here’s the kind of long-range, high-speed,
nonstop service that America is looking for

nce Again... Pan AMEericAn Pioneers

Think what flying times like these will mean to you — for business, for pleasure!

EAST-BOUND
Pacific Coast
to New York....... 5% hours
to Baltimore. ........ 5 hours
to Washington. . ..... 5 hours
to Boston...........68hours
b0 ChICHIE . o0 000000004 4 hours
o Detroit. . .o vue e 4% hours
Gulf Coast
to New York....... 234 hours
to Baltimore. . ... .. 21a hours
to Philadelphia. . . . .2% hours
to Boston. v ceosesas 3% hours

22

WEST-BOUND

Because of the 3 hours’ difference between
Eastern and Pacific Coast Time, youll be
able to—

Leave New York after breakfast—have lunch
in Los AngEIEE, or San Francisco, or Seattle,
The same will be true, West-bound, of Bos-
ton, Philadelphia, Baltimore, Washington,
Detroit, or Chicago.

NORTH—-SOUTH

Chicago
to New Orleans. ..... 2 hours
to Houston. ........ E‘ hours
to WAL, . o« o5 0l 4 hours
New York
B0 MIAIIM . 5 v asiinnsiss 3 hours
to New Orleans. .. .. 3Y4 hours
toHouston.....cu+.. 4 hours
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New, million-dollar Clippers to offer new
luxury comfort at Pursuit-Plane Speeds . . .
nonstop Coast to Coast, border to border

You who travel by air know how
much faster you can reach distant
destinations today than you could
just a few years ago.

Yet even with the fine equipment
offered by the airlines of 1946, today's
demand for still faster, nonstop trans-
continental schedules direct to the Coast
cannot be met,

Pan American, the pioneer U. S, air-

TO HONOLULL,
the ORFEMNT,

the CENTRAL ond
$OUTH PACIFIC

line in long-range flying development,
has been taking practical steps for some
time to meet this demand.

Next yvear, assuming that authorization
is obtained from the Civil Aeronautics
Board, Pan American will put into oper-
ation an entirely new kind of Clipper
which will offer nonstop, Coast-to-Coast
flights at Pursuit-Plane Speeds! Other
high-speed, long-range schedules will be
offered too (please note map below).

TO BIRMUDA
and AFRICA

This map shows, greatly simplified, the integrated plan for providing nonstop service be-
tween the cities which Pan American's overseas organization is already authorized to serve.

Horrp AIRwAYS

AVIATION, November, 1046

The “Clipper Rainbow™ (shown above)
and her sister ships, will be the fastest
planes ever to offer commercial Hlights
. . faster by more than 100 miles per
hour than any transport plane in service
today. They will be comfortable, too,
with roomy, luxurious interiors, sound-
proofted, and air-conditioned to provide
living-room comfort at high altitudes.

Pan American first to offer these planes

Nine years before any other U. 5. air-
line, Pan American bought and operated
Fuur-engined planes. Again, foreseeing
the need tor still better equipment in the
postwar era Pan American was the first
to place orders for planes of this type...
and will be the first to receive them.

Surprisingly enough, the cost of this
pursuit-plane-speed type of air travel
will be actually lower than present
Coast-to-Coast and other domestic fares.

* 3 *

A PIONEER COMES HOME!

In line with the Government’s postwar pol-
icy which permitted U.S. domestic airlines
to operate abroad and which wounld pcrmit
the pioneer overseds svstem to operate do-
mestically, Pan American ordered revolu-
tionary aircraft never before available. Thus

Pan American will be able to provide high-
speed, nonstop servive between distant cities

within the United States. This map shows
the prnrm:-:lsrc'i routes which will ]'bring to the
domestic field the “know-how.” the trained
personnel, and the competitive spirit which
has helped Pan American win first place for
America in the international feld,

he cgrsfem of the
%ﬁ?ﬁ C_z}iﬁfﬂ
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1
WHEN YOU RECONDITION AIRCRAFT ...

il (ORD

SHEAR TYPE

Dynafocal Engine

MOUNTINGS

MR-26 RL-35
ASSEMBLY ASSEMBLY
[ Consists of ] [ Consists of ]
eight MR-24-5A nine RL-35-5A
wh-omemblies sub-assemblies

For DOUGLAS DC-4 ( C-54) . For LOCKHEED “CONSTELLATION"
Using Pratt & Whitney R-2000 Series Engines g Using Wright R-3350 A & B Series Engines

g EE @ & NN Y Y

MR-36 and MR-36F :

LORD
ASSEMBLIES ENGINE MOUNTINGS
[ Consists of ] : FOR DC-3 (C-47 )
six MR-36-5A or MR-36F-5A| !
sub-assemblies -

For CURTISS CW-20 (C-46)
FAIRCHILD “PACKET" (C-82)

MARTIN 202 . 5K-1292-1 Bonded Rubber Sandwich ( 32 per plane )

J=1202-1 Bonded Rubber Tube Form Mounting ( 8 per plane )
J=1789-1 Bonded Rubber Insert ( 16 per plane )

DOUGLAS DC-& (C-112)
Using Pratt & Whilney R-2800 A & B Series Engines, use MR-36
Pratt & Whitney R-2800 C Series Engines, use MR-36F

"'-' ....... N R EEEEER N NI i TR I O S B BB RO B BN BN E e EE R R R R R R REEF @R R " W OREEE RS EEEDE R REEE R R TR R W L

Using Pratt & Whitney R-1830 Series Engines

Individual Component parts for each of the above Dynafocal Assemblies
are available for your maintenance and overhaul work.

WRITE FOR PARTS LIST

it 1axes BONDED RUBBER 7w Séeaz T0 ABSORB VIERATION
Every genuine Lord Mounting

carries the name “LORD" | )RD MANUFACTURING COMPANY

raised letters on the forgings. ERIE, PENNSYLVANIA

Originators of Shear Type Bonded Rubber Mountings

o4 AVIATION, November, 1940

SNAP-ON WRENCHES . . . INDUSTRY'S STANDARD FOR PRODUCTION, ASSEMBLY, MAINTENAN

;,g,&. . L g g
1 - Ts = ne K, e | ]

Modern is Ve
Your Wrench s
Equipment !

In every phase of production and mainte-

nance nut turning operations frequently offer
unsuspected opportunities to cut costs, improve
precision and promote safety. Ordinary wrench
equipment does not measure up to aviaton's re-
quirements for speed, flexibility, accuracy. For every
nut-turning job there is an engineered Snap-on wrench
unit that will handle the operation faster and easier,
with utmost accuracy and safety. Check the savings, job
by job, that can be made with this modern, engineered

wrench equipment. Write today for the Snap-on catalog. _ gy
SNAP-ON TOOLS CORPORATION, 8020-K 28th Ave- R -

nue, Kenosha, Wisconsin, _ T
R Sip.on ool

£ CHOICE OF BETTER MECHANICS

AVIATION, November, 1046



HEIM
UNIBAL

SPHERICAL BEARINGS

|As used in the NEW

e e (A ANCHOR STERISEAL
{8 MACHINE

| The Anchor Hocking |
Glass Corporation, Lan- |
caster, Ohio, supplies
| the new Anchor Steriseal |
| Machine to food packers

for high production
steam vacuum sealing of

glass containers with '|

Anchor AH-N Caps. A
small, but important part

HEIM UNIBAL SPHERICAL BEARINGS

of this machine is the ||
Heim Unibal Spherical | for correction of misalignment
Bearing used to support | _
ane end ot the: Heliseid | Developed during the war for exclusive use in airplane
| Timer. construction, the unusual principle used in making the
- Heim Unibal Spherical Bearing is meeting with enthusi-
astic approval by American Industry in general. Using
HEIM only one ball instead of a double row of balls in a race,
You can depend on "Power also makes a greater surface supporting area is presented and
. UNIBAL heavier loads can be carried without breakage. Longer
by Lycoming” to take you ROD END S life at lower initial cost, coupled with the self aligning

feature of this new type of bearing make it a must for

where you want to go and today's production needs.

bring you back . . . safely,

PLEASE WRITE FOR CATALOG NO. 11

THE HEIM COMPANY

economically and on time.

FAIRFIELD CONNECTICUT

Lycoming Division, Dept. B-8, The Aviation Corporation, Williamsport, Pa.
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HE "Mallard”, high-speed twin engined tion Heaters. But because the Mallard is a
Tamphibian is Grumman's newest addition  de luxe transport plane they decided to check
with the leading airlines on their experience
with Janitrols. The airlines were enthusiastic
—result, Janitrol was selected.

to their line of brilliant aircraft.

TR Into this new plane, Grumman has engi-
| neered every possible feature to provide the

-, utmost in luxurious transportation. Just as the Janitrol Whirling Flame proved

_ _ its outstanding advantages in wartime flying,
One of their requirements to assure pas- today, this combustion principle is demon-

senger comfort under all operating conditions
called for a flexible and dependable heating
and ventilating system . . . there had - to be
perfect comfort at all times. Provision is made
for both automatic heating and ventilation
when the plane is at rest or in flight.

From performance records of their famous
Navy Tigercat and Avenger, Grumman engi-
neers already knew about the reliability and

strating its many advantages, in compact, com-
plete heating packages for peace time planes,
and as part of the air-conditioning systems of
most of the largest transports.

Working with the Army and Navy, with
aircraft manufacturers and airline operators,
Janitrol engineers have gained more experience
in answering the many problems of aircraft
heating, than any other groyp of men. Their

efficiency of Janitrol Whirling Flame Combus-  services are available to help you.

Luxurions comfort built into the Mallard beating system is complerely cabin thermostar Heared air is uniformiy distributed
calls for the wltimate in beating depend- controlied. Fresh atr is forced by ram pres- throwgh under floor ducts to diffusion outlets
ability. Heating systems in the finest modern sure s flight, and by a blower when the ship under each seat, also fo the windshield for
bomes can provide no better indoor comfort. isat vest through the Janitrol beater which is de-tcing and de-fogging, Ventilating griils

This luxurions automatic " bhowe comfort” located aft of the baggage compariment, in passenger cabin discharge air overboard,

Janitrol Whirling Flame Combustion Type
b I N, i . N Heater; 100,000 Btu oulput per hour,

' | _ compact, light-weight, easily serviced
: ' and maintained; high alloy steel used

throughout, spark ignition system. Proved
performance and dependability in thou-
sands of military and commercial air-
craft installations.

4_ //14414"L

AIRCRAFT HEATER DIVISION  SURFACE COMBUSTION

CORPORATION « TOLEDO 1, OHIO

o8 AVIATION, November, 1946 AVIATION, November, 1946 29



What's this! The helicopter retrieves
lost golf balls, mixes ice ecream, paints
the barn? Mo, it can’t take credit for
all that, But here you do see a new
kind of flight. The Bell Helicopter is
ready now to do a useful, a practical,
a businesslike job for you.

A Bell Helicopter rescued fishermen
from Lake Erie ice when all other
means had failed. A second prospected
with swift-winged ease in Canada's
almost impassable mineral-rich “bush.”

Wy, M, REC. U, S, PAT, OFF. & PFRINCIPAL FOREIGH COUNTRIES

30

all the world’s its stage

Another wiped out pests at low cost
PEr acre.

On the business scene, the Bell Heli-
copter can lift mail from the post-office
roof. Set down a hurried passenger
exactly where he wants to be. Hover
where “X" marks the spot of news-in-
the-making. Inspect far-flung power
lines. Patrol forest, pipeline, highway.

There are good reasons why the Bell
Helicopter can do hundreds of jobs
like these with time and dollar saving

& 1946 B A.E.

facility. It con take off from or land
in a space hardly larger than the ship
itselt . . . turn on its own axis . . . fly
with sure stability at any speed from
0 to more than 100 mph. And so it
cruises safely into all the nooks and
crannies of the air.

For full facts about The Modern
Magic Carpet* and Bell-schooled pilots
to fly these ships, write Helicopter Divi-

sion, Bell Aircraft Corporation, P. O.
Box 1, Buffalo 5, New York.

» Pioneers in jel-propulsion, radio-controlled flight and supersonic aircraft for the Army
and Navy. Designers and builders of the werld's firs! commercially licensed helicopter.

B W EYEW
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Needle Bearings
can Boost Production, too!

--------

One good way to give your production a lift is to
simplify design problems and assembly operations
through the use of Torrington Needle Bearings.

The compact unit construction of these modern
anti-friction bearings speeds progress at every stage
. .« from design to final installation. Needle Bearings
require only a bore machined to proper dimensions
for the housing . . . installation is a simple press fit
operation . . . NO retainers or SpPacers are Necessary
to hold them in position. Thus, there are fewer pro-
duction and assembly steps, fewer parts to handle
and control when Needle Bearings are employed.

Torrington Needle Bearings also help to improve
product performance. Their high radial capacity and
compact design saves space and weight, and their
efficient lubrication means better operation, less
maintenance, and less time out for servicing or over-
hauling. So, production is aided in this way too—
by keeping tools, machinery and handling equip-
ment on the job. '

Let our engineering department show how you can
boost both your production and your product’s efficiency
through these and other Needle Bearing advantages.
Write for our informative Catalog No. 32.

THE TORRINGTON COMPANY
TORRINGTON, CONN, SOUTH BEND 21, IND.
Offices in All Principal Cities

TORRINGTON NEEDLE BEARINGS

AVIATION, November, 1946 31



GE AIRCRAFT GENERATORS

. « RELIABLE POWER SOURCES FOR PLEASURE PLANE OR TRANSPORT

Diradf ot - o ons

Used f-m*-’rh G-E direct-current generas-
tors -.ul!nh the power needs of the average
amtrlL-enumed aircraft. For heavier loads
on multi- engined aireraflt. two or more
units can be aned i parallel with voltage
regulators, The tvpe P-2 is rated 200
amperes at 30 volts and is available with
speed ranges of 4400/8000 rpm or 3000/
8000 rpm. Type R- l i5 rated 300 amperes
at 30 wvolts and is available in qp{'i‘l:l
ranges of 4500/8000 rpm and also in
3000,8000 rpm. Tvype Q-1 is rated 400
amperes at 30 volts with a speed range
of 4100/8000 rpm. All have a ventilating
air-pressure x*a]ljuu of O in, 110,

Big reason why G-E aircraft generators per-
form consistently well is the overall protection
we give them against the destructive effects of
engine vibration. Shielded against a hazard
which can—and does—shake apart less careful-
ly designed equipment, these generators provide
a source of electric power you can always de-
pend on. They require less maintenance. Their
useful service life is above average. They add
an extra margin of safety in aircraft operation.

Whether you want a single, low-output power
source for a light plane, or a complex, high-
output power system for a heavy, multi-engined
ship, you'll be interested in the basic, “anti-
vibration™ features illustrated above.

Besides minimizing the transmission of
%ma]] but continuous variations In engine

eed to the armature assembly, the “*shock
absorber” inner shaft acts as a flexible
coupling between the armature and engine.
(Careful inspection of shafts by the Magna-
flux method detects and eliminates those
with flaws. cracks. or scratches which might
create harmflul stresses.)

Torether. the Hexible shalt and the vibra-
tion damper (mounted on its driving end),

WA

BRATION

In addition to these primary safeguards, G-E air-
craft generators are equipped with mounting flan ‘:FEE,
forged of specially treated steel, to absorb poundi

engine vibration. Thanks to a unique contour dﬂ-algn,
this flange is able to overcome high fatigue and static

slresses.

Elecirically Sound

Compensated shunt field windings in G-E aircraft
generators permit transient overloads and sparkless
commutation over the normal rated load range—an
important factor in high-altitude operation. Moreover,
by silver brazing the armature windings to the com-
mutator and using glass insulation and Formex* wire
throughout, we have raised the safe temperature ceiling
for these generators—done it without increasing their
size or weight.

TIIHIIEHHEE of G-E aircraft generators of all types
were used in the war under gru-ﬁhng service conditions.
That they turned in ahnw‘-avrme werformance records
is further evidence of G.E.’s abi ity to design and
produce electrical systems and individual {!ﬂmpmwnts
for aircraft applications. This valuable experience is
offered to airframe builders, engine builders, and
operators who are cordially invited to consult with
:.E. on any electrical problem. J‘ppﬂrmus Dept.,
General FElectric Company, Schenectady 5, N. Y.

both exclusive G-E features, form a double

#JWWMM"? [’MWM s é’mW

GENERATORS GENERATORS

nght-‘wrlghl a-¢ power By S~
tems, highly effective at high
altitudes, are now made pos-
sible with G-E 400-cycle, con-
stant-frequency generators.
Capacities include 40 kva,
208/120 volts, 6000 rpm. and 20
kva, 208,120 volts, 8000 rpm.

RS S AR 7 VI

G.E. makes two basic types
of variable-frequency a-c gen-
erators—a unit rated 200
amperes, 30 volts d-c (10
amperes, 120 volts a-c) 4400/
8000 rpm, and one rated 10
kva, 208/120 wvolts (400-800
eyele a-c) 4000/8000 rpm.

STARTER-GENERATORS
G.E. also designs and builds
oaz-turbine starter-generators
which deliver 400 amperes at
30 volts d-e¢, 3700/7200 rpm,.
As a starter, the unit develops
330 inch ]mumls torque at 1500
rpm, 340 amperes, 20 volts.

AVIATION, November,

barrier against harmful vibration in the
rotaling armature.,
*I'rade-mark reg. U.S. Pat. Off.

GENERAL
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New equipment gets the right start
for a long life—

/LOT
Mfied Control

Makes Flying Easier

|
when the Gulf Lubrication Fngineer

is “in the picture”

rrrrrrrr
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STﬂR’I’ your new machines ana equipment out effective lubrication results in better machine ,Eg;._;;.“.f‘-!?ﬁ'tg. :
right—have a Gulf Lubrication Engineer “in performance, less wear, lower maintenance costs, B EER8 6 Tl v i g T
the picture” just as soon as it's delivered. and extra years of useful life.
This trained specialist will check over your The helpful counsel of a Gulf Lubrication Engi- : _ i . -
. : ; : We call it Practical Engineering — the Curuss cockpit 1n- T
machines and equipment, then recommend the neer—and the Gulf line of more than 400 quality - e et 4 e
; : : : : : : stallation is the result of millions of hours of operation
proper oils and greases which will provide anextra lubricants—are available to you in 30 states from on multi-engined military aircraft and valuable sugges- CURTISS PROPELLERS selected by
margin of lubrication efhiciency. Maine to New Mexico. Write, wire, or phone your tions from top-notch airline pilots through many flight American Airlines System « TWA (Trans World Airline) - Pan American
- . - : T - . World Ai « Morth t Airli « SILA (Swedish Int tinental
Yﬂu WI“ ﬁl‘ld that EhIE Pfﬂgf«ESSIFE }].PPI.'DH.Ch to nearest Gulf Dﬂil’.‘E tﬂdﬂ.}’. demonstrations and round-table discussions. Ai:rlilrines}lnru;?r Frl:lnnl::r-: I-Illllll':'!.'!’l'l.lII..;n':-":::;wl'n:d Hetherlll:f-ndF: In::llli:;‘l:ﬂ.:irl:z::}
ALL prﬂpE”Er controls are at one Iﬂfi’ltfﬂn, dEEigﬂEd KLM (Royal Dutch Airlinel « Aer Lingus Eoranta (lrish Air Lines)
= i " . - . LT T 9 . . 18 3= = United Air Lines BOAC (British Overseas Airways Corporation).
Gulf Oil Corporation « Gulf Refining Company, Gulf Building, Pittsburgh 30, Pa. to be “feelable™ and in the line of viston—n0 aced to
DIVISION SALES OFFICES: Boston + New York + Philadelphia * Pittsburgh + Atlanta * New Orleans * Houston * Louisville : Toledo bunt for the feathering switch or the reversing button. provide these modern features:
Great care has been taken to make each movement
- e e : o Simplified contrels + Reliable operation, including feathering at any
[]E.tul.'ﬂ], Ci.']l"ltr.ulj”[i'd b} hng_:Lr—[:p PrESSUEC, One lever now altitude Automatic synchronization « Independent fixed pitch con-
Pl‘ﬂ‘r'ldf.‘ﬁ precise RPM serung of all FI"D[JE“EFE- trol Reverse thrust for positive broaking and ground maneuver-
ability + Unmatched durability of hollow steel blades,
- i

Any or all propellers can be removed from constant
speed operation by means of the Propeller Selector, to
check power output when in the air or on the ground.
Immediate synchronization is obtained when returned to

automatic control from any RPM or power setting, “R I Iss

The Propeller Selector is another practical contribu-
tion for Curtiss — as were these outstanding features: —
¥ : o o J.'|||I.IJ. - =] 5 el " i ¥ -
full fLﬂthEl."l['lg re L['h.lh]{_. I}]‘E]PL“{:_'I":- I'IU“['H‘..HLEI blades CURTISS TS WRIGIIT
— automatic synchronization — unit construction,

ELECTRIC
PROPELLERS

INDUSTRIAL

LUBRICATION helps make machines

produce more at lower cost

AVIATION, November, 1946
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 EDITORIAL

Export Lethargy Will Lame Us

other major nation in the world has been build-

ing aviation export markets. Britain leads the
field, and her position is understandable sinee foreign
trade 1s wvital to her economy. Even the Gloster
Meteor, pride of her jet propelled fighters, is going to
Sweden and other countries. The French government,
with its produection sariously handieapped by national-
ized factories, has announced its intention to export
aireraft.

There are some exceptions to the lethargy about
exports in this country. Douglas has done a brilliant
job of equipping Australian airlines. Piper will ex-
port a reasonable percentage of this year’s production.
And there are a few others. But the overall ficures
(see page 44, Sept. Aviation) show that we are slip-
ping far behind,

The general need for export business is one of the
basie requirements of our national economy. But the
need for aviation exports goes far beyond that im-
portant consideration. Every foreign order we get
contributes to the preservation of our production fa-
cilities. A healthy export business in these times of
dangerously low levels of military procurement could

WHILE WE SIT BACK COMPLACENTLY almost every

make the difference between a demobilized industry
and one that could be expanded quickly in the time of
need.

Manufacturers who close their eves to export busi-
ness in order to give exelusive attention to the domes-
tic market are making a grave mistake. Its gravity
is not alleviated by the State Department ban on ex-
port of combat planes.

The British are giving away their Meteor because
they realize one fundamental fact in aviation progress
—secrecy 18 more often a sien of weakness than as-
surance of security, There are of course a few de-
sizns that might properly be kept out of the hands of
foreizn nations. Their selection is not an easy de-
cision, but it must be made. Yet the only saleruard
for air superiority is a continuous flow of better and
better aireraft. No nation has a corner on the best
brains in any area of science. Only by tireless work
can we or any nation keep ahead. We ean afford to
let anyone have almost all of our latest combat planes
—if we are confident in our own minds that we have
more effective ones coming along not too far behind
them. A free export market serves notice on the whole
world that we possess this confidence.

G-M-I Assures Guardian Air Power

for aircraft produetion unfolds in France. The
clear lessons of the incompatible mixture of
private and state-controlled facilities seem to have
been completely ignored. Once more nationalized air-
eraft plants are dependent upon private manufae-
turers for components and parts. Standardization is
practically unknown, and production is painfully slow.
Long before the war, other nations were quick to
sense the plight of the French aireraft industry under
the Popular Front Government. Germany, whose
plans for aggression hinged so heavily upon air power,
could not afford the risk of a government-owned air-
craft manufacturing industry. The valuable testi-
mony of Dr. Albert Speer indicates how German air-
craft manufacturing was excepted from the extreme
totalitarian policy.
In the present period of labor unrest and industrial

HIET-EIET REPEATS ITSELF as the postwar program

AVIATION, November, 1948

strife in this county, the old voices of those who be-
lieve our aireraft industry sfiould be nationalized may
be heard at any moment. The answer is the wartime
record of the industry under private enterprise.

During the war the pattern of Government-Military-
Industry cooperation was well perfected. It produced
the greatest air power the world has ever known., Post-
war conditions may indicate the desirability of minor
modification of this formula, but the fundamental
principles must remain unchanged. To tamper with
them would be tantamount to inviting another war
and courting military disaster.

els £ Zeniz,

EDITOR




America's first industry-wide aircraft and component exhibition of

the postwar era has definite economic functions to perform. Here
the director of this huge enterprise presents . ..

The Purposes of
The National Aircraft Shows

H?‘ CLYDE M. YVANDEEU HG. Director, National Aircraft Shows

1918, Ameriea’s new-born avia-

tion industry was all but wiped
out by contraet cancellations and set-
tlements imposed by &an economy-
minded government. During World
War I, aireraft manufacturers in this
country produeced more than 16,000
military planes—a surprising number
considering that this period 1s often
deseribed as the stone age of aeronau-
tieal seience.

There is hittle doubt that i1f both
government and industry had pos-
sessed sufficient foresight in 1919 and
1920 many of the tribulations and
much of the inertia that retarded aero-
nautical advance during the ensuing
20 yr. might have been avoided. Fail-
ure of the government and its military
services to encourage a new world in-
dustry which had proved itself in the
skies over the Western Front in those
early days had an important bearing
on the eourse of international affairs
right up to World War 1L

Most of the firms that preduced the
planes of the First World War soon
disappeared or econverted to other
fieldss the handful that continued the
struggle found it heavy going. Al-
though these pioneefing firms had
plenty of planes to sell, they failed in
the all-important task of merchandis-
ing their produects. Public enthusiasm
engendered in 1917-18 was allowed to
dwindle. It is true that few airports
existed at the time, yet this need not
have been an insurmountable obstacle.
The automobile industry quickly real-
ized it would never sell many motor cars
unless new roads were built. By helping
to underwrite construetion of highways
the auto manufacturers assured ulfi-
mate acceptance of the automobile as
a popular mode of transportation.

End of World War 11 again finds

SHG‘R‘I’LE AFTER THE ARMISTICE 1n

the Ameriean aviation industry at-
tempting to move forward after the
debilitating impact of more than $26,-
000,000,000 of contract ecancellations.
Yet, in contrast with what happened
at the end of World War I, all the
major aireraft firms which produced
planes in the reeent war are still in
business. Most have introduced new
military or eivil models in the 15 mo.
sinee Y-J Day.

Although economy again 1s the
watchword in Washington, it seems
likely that the government will not
repeat its previous error. Sizeable
appropriations for expanded research
in guided missiles, rockets, pilotless
planes, helicopters, flying wings, and
long range jet propulsion aireraft seem
certain of approval. There 15 no dis-
position to diseount the role of air
power in any future confliet.

For its part, the aviation industry
also has learned the lesson that it ean-
not move ahead without a broad pro-
gram of merchandising. The 1ndustry
realizes it eannot assume the Ameriean
people will remain airminded simply
because military air power was a de-
cisive factor in the Allied wictory.
For the past 5 yr. the airplane has
been demonstrated as an instrument of
terrifying destructive power. The job
now is to prove conclusively that the
airplane has sufficient utility to pro-
mote the well-being of all peoples In
time of peace,

One of the first speecific manifesta-
tions of this enlightened policy is the
decision of the aviation industry and
the military services to give the publie
a close view of the construetive side of
the airplane of today and tomorrow.

To achieve this objeetive manufac-
turers, airlines, the Army and Navy,
and various governmental and inde-
pendent aeronautical organizations,

will stage two mammoth expositions
each year at which the beneficial in-
fluence of aviation can be demonstrated
to large numbers of people. First of
these National Aireraft Shows will be
held at Cleveland from Nov. 15 to 24,
the second at Los Angeles next spring.

These all-embracing expositions, op-
erated on a strietly non-profit basis and
bringing together for the first time
every component in aviation, will go
far bevond the coneeption of the or-
dinary trade show. Merehandising new
aviation products must mvolve more
than the statie display of airplanes and
equipment on the floor of the Exposi-
tion Hall. The produets of aviation
engineering and science must be por-
traved as useful adjunets to every-day
living, It iz necessary to show specifi-
eally how they ean further ecommerce
and industry and at the same time
serve as the means to air power in time
of war.

Glib elaims have been made about
the air conseionsness of the American
publie, Yet six out of ten persons have
never been ingside an airplane. National
Aireraft Shows will attempt to bring
the airplane eloser to the individual
through practical demonstration. In
such demonstrations, there is no place
for the stunt type of exhibition for,
while such events undoubtedly have
eontributed to aviation progress there
can be no argument that the industry
will win many more eonverts by em-
phasizing the safety of flying. During
the Cleveland exposition hundreds of
people will have the opportunity to
ride in an airplane for the first time.
They will see how modern seientific
equipment operates to eliminate the
hazards of flight.

This, broadly stated, is the overall
purpose of National Aireraft Shows.
Aviation has come of age and the time
has come to act, rather than talk, abount
the utility, economy, safety, mobility,
seeurity, and essentiality of aireraft.
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Design Development

Of the McDonnell FD-1 Phantom

ﬂ‘f KENDALL PERKINS, Assistant Chief Engineer, McDonnell Aircraft Corp.

Detailing for the first time the problems—and their solutions—of
the U. S. Navy's first all-jet plane whose unusual structure points
up new approaches to future high-speed military craft.
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small group of men in the Bureau

of Aeronauties, U. 8. Navy, ree-
ognized that jet propulsion offered a
potential means for breaking through
the speed limitations imposed by the
size and drag of piston engines. Pre-
liminary analytical studies were ae-
cordingly begun on the basis of the
relatively meager amount of research
data which could be found at that
time.

As a result of these studies and of
investigations made by Westinghouse
Electric Corp., contraets were negoti-
ated between the Bureau of Aero-
nauties and Westinghouse ealling first
for design studiezs and later for the
construction of a small number of
turbojet engines for test and experi-
mental development. These engines
were to incorporate axial flow multi-
stage compressors and single-stage
turbines and were expected to have an
unusually small frontal area.

Soon thereafter it became evident

SH{]R’FL? AFTER PEARL HARBOR, u
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that it would be desirable to parallel
this engine development with an air-
plane design incorporating such a jet
engine, This was to provide a tac-
tieally useful employment of the jet
prineiple in a earrier airplane at the
earliest feasible date. At the begin-
ning of 1943, therefore, the MeDonnell
Aireraft Corp. was asked to eooperate

with BuAer in working out a carrier-
based fighter employing an engine of
this type.

This airplane was called the XFI-1
and became the prototype for the
phantom. The first engine was then
in the preliminary lavout stage only,
and it was not until late in 1943 that
the first reasonably complete engine
installation drawing became available.
(This developed into the Westinghouse
19-B turbojet, analyzed in Jan. 1946
AviaTioN.) Throughout the develop-
ment, the unusually close design coordi-
natlon neeessary was maintained be-
tween DBuAer, Westinghonse, and

MeDonnell.
Design Policles

It was decided at an early stage that
two fundamental design policies were
to be followed throughout the develop-
ment. First, the airplane was to be de-
signed on a conservative basis 1n every
respect, except for the engines and
other special features dictated by the
use of these engines. Second, when a
elose decision arose between a design
which was simple to build, operate, and
maintain, and one which was more com-
plicated although somewhat more effi-
cient on paper, the simple one would
generally be chosen.

Conservative design applied to such
an airplane in 1943 was considered by
many to be inconsistent with the use of
jet engines. It was reasoned, perhaps
naturally, that since the engines were
new and different the remainder of the
airplane should be laid out along simi-
larly advanced lines. The idea of mak-
ing the airplane tailless, for example,
was particularly attractive, since this
avoided the problem of keeping the
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taill out of the jet blast. A tail first
configuration was briefly considered for
the same reason. A prone pilot ar-
rangement was of interest to reduce
drag even further and to make higher
accelerations possible in pull-outs from
dives.

Experience has repeatedly shown,
however, that design features which
have not been =satisfaetorily demon-
strated on some earlier airplane al-
ways require a development period
which may be critically long. Addi-
tional funnel testing, laboratory test-
ing, flicht testing, and the changing and
re-testing generally required often eon-
sume more time than expected. Prog-
ress cannot be made without going
through this painful proeess where
necessary, but when an airplane 1s
built which incorporates too many in-
novations there is every likelihood that
testing and development of the proto-
type will take s0o many vyears and cost
so much money that when the job is
finally done it is found that the taectical
need for the type has changed or that
for some other reason the airplane has
become obsolete.

In many eases it has also been found
that original specifieations, wishfully
agreed to, ecannot be met; or the de-
velopment proves to take so mueh
longer than anticipated that the ens-
tomer, or the contractor himself, be-
comes diseouraged and the projeet is
dropped. In framing this project there
was little background of experience on
use of jet engines, Installation of these
engines also made it necessarv to in-
corporate a number of other features,
most of whieh had not previously been
used, at least on earrier based aireraft.

In view of these considerations it
was deeided that all other eharacteris-
ties of the airplane should he such as
had been suecessfully used hefore,
This decision has never been regretted.
This article will disenss only the less
conventional features, since they should
be of the greatest interest.

Design simplieity is an intangible
faetor of eonsiderably more importance
than 1s generally realized even hy some
of the best designers. Tt is usunally
possible to present a eonvincing argn-
ment for an extra lateh on a eontrol to
prevent operation at the wrong time,
or for some more elaborate linkage
which will improve efficiency of a
mechanism, or for a more complicated
truss whiech should theoretically save
weight, or some extra switeh in the cir-
ceuit in ease several things go wrong in
the electrieal system simultaneously, or
for another instrument so the pilot will
have some way of knowing why his en-
gine quit or is about to quit.

The arguments against sueh things
cannot be coneclusive when applied to
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Fig. 1. First arrangement of Phantom, designed fo ufilize site 9%5-in. furbojet engines.

a single small item, but when taken
collectively the elimination of unessen-
tial complieations ean make the differ-
ence between an airplane whieh 1s easy
to build, maintain, and win battles, and
one whieh is not. With this in mind it
was decided to make a particular effort
to keep the Phantom simple. This is
believed to be sound general poliey for
any fighter projeet.

Military Requirements

In a more conventional ease 1t would
be common practice to begin by tabu-
lating the required military charaecter-
isties on the basis of previous attain-
ments with similar fighters extra-
polated in the directions where combat
experience had indicated the greatest
needs. The designer would then eall
upon previous experience with the ef-
fects of power loading, wing loading,
span loading, and drag loading, and
eould soon have a reasonably close first
approximation of gross weight, wing
area, engine size, and number of en-
gines needed. In this ease, however,
military requirements had to depend to
an wunusual degree upon what was
feasible to accomplish. The gross
weight, engine size, and number of en-
gines were yet to be determined.

The tactical mission first assumed
was defensive eombat air patrol oper-
ating from a earrier and patrolling at
15,000 ft. over or near the earrier. The
problem was to take off, rendezvous
with other airplanes, climb to altitude,
patrol over the carmer, attack hostile
aireraft when necessary, deseend, and
land aboard the earrier. The specific

fuel consumption was caleulated and
found to be appallingly high judged by
the usual lb. per hp.-hr. standards, par-
tieularly when flying at low speeds.

Everyone was then willing, however,
to give this new type power plant every
marginal advantage by assuming a
minimum time for each phase of the
tactical problem so as to hold the num-
ber of gallons of fuel reasonably elose
to eustomary limits. Later, as the de-
sign progressed, it was found that ear-
rving large quantities of fuel was less
eritical than at first believed and the
requirements were stiffened aeceord-
ingly. The airplane is now expected to
have a eombat radins originally thonght
to be possible only with propeller-
driven fighters.

It was expeected that takeoff wonld
be unusually troublesome sinee at take-
oft speeds the thrust available would
be less than that available on propel-
lered fighters.

Three means for mmproving takeoff
were looked upon as possible: First
was the use of thrust augmentation.
There are a number of ways to augment:
thrust for short periods (5 to 10 see.
would be sufficient). The one which
originally seemed most promising was
the injection of ammonia, or some other
combination fuel and refrigerant, into
the intake in order to make it possible
to burn more fuel without exceeding
turbine temperature limits made nee-
essary by available metals.

A second method was to employ
powder rockets (JATO) which were
just then being developed for eombat
use.
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Fig, 2. Original shape of air inlef.

A third method, and one which was
visualized as only feasible in the event
that the others failed to work, was the
use of flush deek catapults. It has
since turned out that injection of am-
monia has a number of objectionable
characteristies, and this method has
consequently been dropped. The use
of powder rockets presented a supply
problem and was found to be expen-
sive as a regular proecedure. Use of
catapults, however, as a standard
means of providing takeoff assistanee
was found to be not only a feasible
method, but in some respects superior
to takeoff without assistance, sinee it
makes more of the earrier deck usable
for spotting airplanes. This method
was widely used by the U. 5. Navy
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in the Pacific war. In the event that
the ecatapults cannot be used, the
powder rockets may be employed. Even
this should seldom be necessary, since
the takeoff without assistance has
proved to be as good as the takeoff of
some of the heavier types of conven-
tional earrier aireraft.

Some concern was felt over the abil-
itv of the engines to accelerate rapidly
enough to permit a good earrier wave-
off and to decelerate rapidly enough for
a good carrier landing. In the case of
n carrier approach where the pilot has
slowed down to near the stalling speed
and at the last moment is waved off
by the signal officer, it 15 essential that
the pilot be able to promptly muster
enough thrust to safely make a elimb-
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Fig. 3. Final shape of air inlef.

ing turn without further loss in speed.
Likewise when the pilot 1s eleared to
land and euts the throttle, it iz neces-
sary that the thrust drop rapidly to
avoid any tendenev to float over the
arresting wires.

It was predicted that approach and
landing techniques would have to be
modified to allow for the deficiencies of
the jet in these respeects, but this has
been found to be less eritical than ex-
pected. The engines have the charac-
teristie that, although the rpm. change
is less rapid than with piston engines,
the thrust itself can be inereased or de-
ereased quickly, Reeent earrier trials
with the Phantom have, in fact, been
fully satisfactory in wave-offs and
landings,
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EFFECT OF WING FILLET
ON LOCAL CRITICAL MACH NUMBER OF WING
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Fig. 6. Critical Mach number for the filleted
wing.

Another fundamental consideration
was that the airplane should be as small
as possible and fold into the minimum
space in order to make it possible to
spot the greatest number on a given
deck area. Obviously a earrier with 50
fighters aboard 18 more effective than
one with only 25. It was assumed that
one pilot and four .50-cal. guns should
be earried so the airplane was, in one
sense, designed as the minimum size
fighter which would satisfactorily carry
the pilot, guns, and ammunition for
the required length of time, letting not
only the gross weight and wing ares,
but the engine thrust as well, fall where
they might.

Design Studies

With these considerations in mind,
the initial conception was an airplane
that looked about like Fig. 1. This was
to employ six engines of 9.5 in. dia.
providing a static thrust estimated to
be from 275 to 340 lb. each. At high
speeds this total thrust was somewhat
more than was available in other
fighters in service at that time. By
stopping two of the six engines and
operating the remaining four near their
maximum eontinuous thrust rating, it
was hoped that the best eruising
economy could be achieved,

It was then assumed that on enter-
ing combat the airplane should earry
enough fuel for 45 min. at maximum
eonfinuous rating and that the indis
cated stalling speed in this condition
should not exceed 70 knots. These as-
sumptions led to an estimated design
gross weight of about 6,600 lb. and a
wing area of 187 sq. ft. This arrange-
ment had what was then considered
quite aeceptable speed and elimb. How-
ever, when takeoff distance, wave-off
rate of elimb, and cruising efficiency
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were computed, it was found that the
thrust loading and wing loading were
both marginally high.

The next step was to compare 6-, 8-,
and 10-engine arrangements having 230
gq. ft. of wing area. Following this a
comparison was made between air-
planes having eight 9.5-in. dia. engines,
six 11-in. dia. engines, four 13.5-in. dia.
engines, and two 19-in. dia. engines, all
arrangements assumed to have the same
total thrust, The first comparison in-
dicated that the equivalent of eight
8.5-in. engines combined with the
larger wing was apparently sufficient
to meet low speed performance re-
quirements, such as takeoff distanee and
wave-off rate of climb and provide a
comfortable speed margin over pro-
pellered fighters,

The second ecomparison indieated
that nearly 300 lb. counld be saved by
nsing two 19-in. dia. engines instead
of the equivalent eight 9.5-in. engines.
The weight difference was found pri-
marily in nacelle structure, firewalls,

engine mounts, engine aecessories, en-
gine eontrols, starters, oil eoolers, and
instruments.

A number of considerations other
than weight also pointed to the desira-
bility of two engines rather than some
greater number. Among these the most
important were simpler control and in-
strumentation problems from the pilot’s
standpomt, and simpler structure and
equipment from the standpoint of de-
sign, manufacture, and maintenance.

These econsiderations were partien-
larly eonvineing as applied to a plane
with folding wings, sinee a large num-
her of engines distributed along the
wing would have required either that
fuel lines, engine controls, and instru-
ment lines pass through the fold joint,
or that the folded span be undesirably
large. If any of the engines were
placed outhoard of the fold joint, serv-
icing of the outboard engines with the
wings in the folded position would be
awkward.

Use of one larger engine (rather

STALL CHARACTERISTICS OF WING AS INDICATED
BY TUFT PATTERNS IN THE WIND TUNNEL
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Fig. 5. Lift curve for

the the filleted wing.
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Fig. 7. Tailpipe location of one of two Westinghouse 19-B turbojets wsed in McDonnell

Phantom.

than two 19-in. dia. engines) was given
some consideration, but at that time
siich an engine appeared to be too big
to consider for the initial development
of a power plant type. Subsequent
evolution has shown the need for larger
and still larger engine units, but 1t 18
believed to have been wise not to have
bhegun with a larger size. Comparison
hetween one-engine and two engine ar-
rangements also provided the follow-
ing hasie advantages of the two engine
arrangement

1. Better Relinbility. It is particu-
lar'y important to have an engine to
spure when new and relatively untried
power plants are being used. This i3
further emphasized in the case of a
plune whieh i1s to be operated at any
distanee over the ocean. Combat ex-
perience has amply demonstrated the
advantace of having more than one en-
eine for the purpuse of getting howe
alter a light.

2. Cruising Economy. It was eal-
enlated that between 10 and 209% of
the fuel eonld be saved by eruising on
one engine in o two-engine airplane at
nearly full output rather than by
ernising at low output in a single-
encine plane. This saving amounts to
a consillernble reduetion in  weizht
when sueh lurge gquuntities of fuel are
1nvolved.

3. Mare Efficient Air Inlet. Turbo- .

jets must bhe supplied with extremely
larre quantities of air. This air must
be delivered to the eompressor inlet
with & minimum of energy loss to pre-
vent =erious reduction of thrust, par-
ticularly if full advantage is to be
taken of the efficiency of axial-flow
compressors, If an airplane is equipped
with one such engine in the fuselage,
the design of an inlet of suitable effi-
cieney is difficult. The designer is then
faced with two major alternatives: He
may take air in at the fuselage nose
and provide a large smooth duet past
the cuckpit and nose wheel, Such a
duet oceupies considerable space In

4d

that portion of the fuselage which is
generully the most erowded., Result is
a considerable weight increase because
of the duct itself and the larger fuse-
lnge required to house the duet. At the
game time there is an aerodynamie loss
because of both the long duet and the
larger fuselage.

The designer may, on the other hand,
choose the other alternative and take
air in on each side of the fuselage,
but this involves some loss in ram due
to indueting boundary layer air, eurva-
ture at the inlet, and eurvature of the
duets, with the result that there may he
an appreciable thrust loss. This loss
would be particularly pronounced when
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one engine is located in the center of
the fuselage. When two engines are
mounted hezside the fuselage praeti-
cally no duet is needed. What duet
there is ean be both short and straight
and inlet losses are found to be neg-
ligible.

4, More Efficient Jet Outlet. When
one engine is employed, the outlet must
be either at the rear of the fuselage, un-
derneath, or out the sides. The rear
loeation has the disadvantage of requir-
ing a long tail pipe, which 1s heavy and
must be insulated or ventilated, and
which interferes with strueture and
econtrols, The other possible outlet lo-
eations cause additional drag, require
difficult fairing, and are more hazard-
ous from the standpoint of fires on the
ground while starting or stopping the
engines, These conditions can be 1m-
proved with two engines, particularly
if they are located outboard of the
fuselage, where practically no tail pipe
extension is needed.

One obhjection often raised against
econventional twin-engine fichters 1s
lack of maneuverability, first beeause
the total power plant weight is apt to
be more, and second beeanse this weight
is generally distributed farther out-
board.

With the Phantom, however, sueh
ohjections do not apply, because the
engines are unusunally light and are lo-
ented inboard. Maneuverability should
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Fig. 8. Jet temperatures and velocities.
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be equal to that of & small single-engine
fighter,

If a really fair comparison ecould
ever be made between the performanece
of a single- and twin-engine jet fizghter
with the same total thrust and with all
other things equal or equivalent, it is
believed that the two-engine plane
would have a very decided advantage.
[f the comparison were made with the
same engine model, which would per-
mit twice the total thrust in the two-
engine fighter, it is felt that the per-
formance advantage of the two-engine
arrangement would be even more pro-
nounced.

When the Phantom was first being
designed there was a general feeling
that, since jet engines were apparently
a great deal simpler than reeiprocating
engines, and since one size engine could
presumahbly be sealed up or down from
another size, the past practice of de-
signing planes to fit engines might ad-
vantageou=ly be reversed and engines
might be tailored to ft particular air-
planes. This would be wvery helpful,
indeed, to the designers of certain types
of planes, particularly where the speeci-
fieations eall for a eraft which must
have an engine of non-existent size.

As it has turned out, however, de-
velopment of new eompressor and com-
bustion chamber sizes is not the simple
matter it was onee assumed, and it now
appears that for the present most jet
airplanes will have to be tailored to fit
previously developed engines, There is
a good possibility that, as more is
learned ahout turbine engine design, it
may vet he feasible to fit the engine to
the aireraft.

Engine Location

After deeciding that two engines
would be the most satisfactory number,
there arose the problem of the best par-
tieular spanwise loeation. Most obvi-
ous plaee was in nacelles mounted on
the wings in the customary manner.
Nacelles were laid out at various dis-
tances from the fuselage, some inboard
of the landing gear and some outhoard.
None seemed a happy combination in
view of the objectionable effects which
a fuselage plus two other bodies have
on total frontal area, on wing inter-
ference drag, and on spanwise distribu-
tion of lift, and also because of the
!urge yawing moment with one engine
lnoperative,

The next most obvious course was
to put the engines side by side within
the fuselage. A number of layouts of
this configuration were made, trying by
every eonceivable means to avoid the
necessity for long tail pipe extensions
and either long or eurved inlet duets—
but no neat solution was found. Fur-
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Fig. 9. Cutaway view showing engine installation in Phanfom.

thermore, it was found that with the
engines in the fuselage there was in-
sufficient fuel space without putting
tanks in the wings or making the fuse-
lage abnormally large. In view of the
amount of fuel required for a jet air-
plane (which at that time seemed ab-
normally large), and sinee unobstrueted
space was required for bullet-sealing
tanks, it was felt that the fuselage
could be put to better use to enclose
fuel than to enclose engines.

Wing Fillets

Placement of the engines in wing
root fillets was only considered after
the other arrangements had heen tried
and found wanting. Had the engines
been of mueh larger diameter, this
could not have been as neatly done.
One obvious drawhack to this location
is the cost of building a wing strueture
having double eurvature, particularly
where smooth eontours for high speed
are essential. Another apparent draw-
back was the possibility that this large
thickness might give the section a low
eritical Maeh number.

Our company had had experience,
however, with both these problems as
applied to somewhat similar enlarged
fillets on the XP-67 airplane designed
and built for the AAF. In that case

the enlarged fuselage fillets had heen
used to provide space for fuel and
ammunition, which should be loeated
near the center of gravity. Large na-
celle fillets alzo employed on that plane
had provided space for engine eooling
duets, nil eoolers, and interenolers, Dar-
ing the development of these fillets and
the leading edge inlets emploved with
them, a great deal was learned ahout
achieving good ram recovery, interfer-
ence drag, lift distribution, and eritieal
Maeh number. Experience was also
gained in de<ign and eonstrnetion of
sich Allets without undue additional
eost.

This expedient nf enlarging the wing
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