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KATIONAL ADVISORY COLIITTEE FOR AERONAUTICS.

AIRCRAFT CIRCULAR NO. 6.
ALL-METAL JUNYERS AIRPLANE, TYPE T 13.*

The all-metal Junkers airnlianes are the result of seﬁeral
vears' work at Professor Huge Junkers' Research Institute in
Dessau, Germany, which has furnished new fundamental ideas 1in
the comain of aerodynamics, as also in the employment and
working of the light metals.

The characiteristics of these airplanes are: (1) the thick
cénfilever Junkers wing withoutvstaywwires, and (2) the all-

4 metal construction.

1. The system previously emploved, ﬁhich for lack of other
possibilities, had to place struts and guy%wires outside the
wings, haﬁ the disadvantage of an oxcessive head reéistanoe or
drag. Attompts werc made to diminish the qfag by streamlining
the struts and wirecs, which resulted in a certain degree of
improvcment. The oroblem was finally solvediby removing all
the braces from exposure to the air curreant, i.e., oy puttingl
them insidec the wing itseif. :

The wing section or nrofilec had to be made thicker for

this purpose (Fig. 1}. as the recsult of careful experimenta-

w

tion, its aerodynamic qualitics were found to be very favora-
ble, contrary to previous assumptions in favor of thin profiles.

¥hile the polar curve for thin orofiles presents only a .

*Translation from the German.
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relatively restricted range of application, such profiles_beingv
adarted oniy for the exigencies either of algreater speed or
of a higher climb, the polar (b) of the thick profiles large-
ly'pfovides for both conditions. |

Even in the critical zone (the top of the curve in Fig;
1), the pelar (b) of the thick profiles is much more stable,
‘i.e., the danger of a slip or fall is much less, even at a

pronounced angle of inclination. The shifting of the center

of pressure is thus kept within narrow limits, so that any

nose or tail-heaviness can be more easily counteracted.

2. Not only as regards the aerodynamic system, buit also
as regards materials, Professor Junkers abandoned the method
of construction involving the use of wood and cloth and adopted
all-metal construction from the first. The mechég}cal*sxrength\”
of wood depends on a nunber of conditions more or less diffi-
cult to obtain. Ag to the crude wood, the source, the age,
the zone, the vicinity and the period cof storing of each tim-
ber, plav an important rcle and requiré a careful selectigh
and conseguently entail odnsiderable waste,

During the working there are alsd many influengeswwhichw
make themselves felt. The relatively weak cellular éfructure
and the predominating importance of the direction of the fibers
greatly restrict the working from the viewpoint of the varia-

tion and the combination of the forms, as also the thickness of
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the walls. Since, moreover, wood warps, it is impossible to
maintaim the calibrated dimensions and the interchangeability
of wooden parts. It is needless to dwell on the fire risks of
the eagily inflammable wooden airplanes. These disadvantages
are all avoided by all-metal construction.

The first Junkers airplane was made entirely of steel.

It was found to be impossible, however, to reduce the thickness
of the metal sufficiently to offseb its high specific gravity.
The steel airplane was too heavy.

The material now employed in thé construction.of Junkers
airplanes is duralumin, a light metal alloy containing 95%
aluminum, 4% copper, 0.5% manganese, and 0.5% magnesium. Dur-
alumin has a specific gravity of 2.8 combined with the strength‘
of Siemens-Martin steel, which is three times as heavy. After
solving the problems of working, which were often very diffi-
cult, at the Dessau Research Institute, the great advantages of
metal construction soon became apparent. The close structure
of the metal and its much more uniform strength furnish a basis
for accuraté calculation. This results in a more economical
utilization of the material, less waste and the need of less
storage space. The possibility of exact working assures per-
fect ‘calibration and the interchangeability of all parts.
Metal alone enables Quantity production, without regard to im-
mediate use or storage. The manufacture of the parts and the

assembling can be easily supervised, which considerably in-
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As to scrvice, 2 metal airnlane has the fellowing acvant-
ages ovcr & weoden one. The latter scon becomes fatigued, i.e.,
ite asrotynamic qualities of spest and climbing ability scon &i-

minish. On the contrary, the first airplanes of the type & 1o

have secen daily service since 1919 without the least iczs in

their superior aeronautic qualities. For orotection asginst
humidity and atmospheric influences in general, they reguire

o

much less expensive care than woodlden airnla“\u, on which it is
necessary to tighten the wires aftcr each chenge in the weather

and for vhich very expensive hange
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protect theom from excessive wear. GCn the conirary, some ci the
Junkeors all-metal airplancs have bcen exposcd for montas o
snow and rain without detriment (Figs. 5-6).

The particular utility of the type F 13 for ropical coun-
trics hos poen demonstrated by various cxpeditions and by the
daily air traffic in South america. The termites, which are 0
destructive tc woodcen zirplancs in tropical'oountrics,,oannot
hurt metael airplancs. In short, the life of & metal airplanc

. .
is practically unlimitod.

The vrincipal characteristics of Junkcers airplanes, as
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mentioned under nurbers (1) and (2) on the first »ag
tute very grest progress in airpling constru rction. The acro-

dvnomic ncccesity of installing all the supuorting franework

within the wing (Figs. 2-2) has resulted in an entirely new
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arrangcncnt. On the other hand, thc employment of metal has
rcndered possiﬁle a large number of new constructions. Due to
a thorough study of static laws, the weight of the Jﬁnkers air-
plane was reduced below that of all other airplanés (wood or
netal) of the same class, althoﬁgh the specific gravity of
duralumin is greater than that of wood.

The Junkers all-motel airplane F 13 has a large, elegently,

v

furnished cabin, with accommodations for four passengers and

Y

roor for another passenger or assistant bveside the pilot. It

can be equipped as & 1and airpland on wheels F 13

]

F 138; and a8 a seaplane F 13y. The characteristics and per-—

formances of these threc types arc s follows:
v

Type F 131
Span . 17.7% 11 58.233 ft.
Length | 9.6?‘:x w 31.50 ft-
Height [N1IP TH0¢ for mtor |  E10 % 13.45 ft.
‘Wing arca . -40.00 1®? 430.56 4.2
Horsepower; about | 200 | 197.3 .
Fuel consumption, about 45 kg/h 99.2 1b./nr.
0i1 o "o %,/'bkg/h | 4.4 1%.7/hr.
Dead load 1150 kg 2535.3 1b.
Useful 700 kg 1543.2 1b.

Spéed per hr., about 170 km 105.6 mi.
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Table of Characteristics (Cont.)

- Type F 13y
Span . 17.75 m 58.23 ft.

Length 10.15 m 33.30 Tt.
Wing area _ 40.90 m? 430.56 ©t.°
Horsepower,- about 200 . 197.3
Fuel consumption, about 45 kg/h . 99.2 1v./hr.

- 01l " _ " 2 kg/h 4.4 1b./hr.
Dead load 1350 kg - 3976.3 1b.

Useful 800 kg 1332.8 1b.
Speed per hr., about 170 km 105.6 mi.

Type F 13¢
Span | 17.75 m - 58.23 f1.

- Length 9.60 m | 31.50 ft.
Height<{§§§fsgggg §§§icator'} 2.80 m 12.47 f4t.
Wing area 1 40.00 m2 430,56 ft.2
Horsepoﬁer, about 200 ' 197.3
Fuel consumption, about 45 xg/h ©99.2 1v./nr.
0il " " 2 xg/n 4,4 1v./nr.
Dead 1oad - 1200 kg 2645.5 1b.
Useful‘" 650 kg 1433.0 1b.

Speed per hr., about 170 km 105.6 mi.
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The supporting surface, which is the basis of the siruc-
ture, is mede in three parts, in order to facilitate transporta-
tion. The wings proper are secured to the framework of fhe cen-
tral portioh of the wing (Fig. 15), whose spars consist of nine
duralumin tubes, by means of -cap nuts of chromium and nickel
steel to +the number of nine on each side, thus assuring the
symmetry of the wings (Figs. 7 and 15). The wings can be
mounted and .demounted by two men in a few minutes.

The wing framework is in the form of a Cantilevér girder
(Fig. 3) .whose intericr shows the resolution of the forces
into many component forces. The external metal covering, cor-
rugated to increasc its strength, helps to withstand the stress
of torsion. Thus a structure has bcen created which can stand
much dvnamic overloading.

Contrary to previous practice, the fuselage 1s piaoed on
the wing, so that the framework of the central portion of the
wing also forms the base of the fusélage and of the oabin.‘
This gives & ver? strong superstructure and a great reduction
in we ig t. This position of the wing has the great adﬁantage
(as demonstratcd bv experience, especially on passenger air-
planecs) of affording the oest possible protection to the cabin
and its occupants, in case the aiiplane is damaged in making a
bad landing.

The clevator and ailerons are operated in the usual way by

means of a cclumn with a wheel. The rucdder is operated by
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vcdals (?gg;u9a)._ﬂTho clevator and ailcrons.are controlled by

a device with duralumin levers and tubes (Fig. 9v), a mnechanism

~

which c¢ffeccts a transmission always uniform;, exacti aad sure.
The rudder cables are retained, which, in this case, are not
subjectced to devictions causing wear. All the important parts

are casily accessible through slide doors {Fig. 9c¢). Provision
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111ing dual control, sc that the'pilots can re-
licve cach othcr on lomg trips.

A1l tho t2il surfaccs have large arcas and give satisfac-
tion oven in the greatest exigencles, voth as rogards steadi-
flisht and mancuverability of the airplane. The device

for adjusting the height of the stabilizer, cmployed on other

airovlancs for compensating the weight variations, is replaced

near thc rear cnd of the fuselage. In order to offset nosc-—

0Q

hesvincss or tail-hcaviness, the pilot, by mcans of a pump,
withdraws or adds sufficient fuel to restore equilibrium.

This device cnobles onc to fly alwayvs-at 2 =nall angle of attack

{i.e., ot the cngle of lcast yesistance), and elininates 211
deronzorent of the t2il group somctimes caused oy the non-
functioﬁing of other devices.

The frane of the landing sear is macde of steel tubing.

S

Four sireanlined supports, the spring struts (Fig. 9,f), forn
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& e s - .
of the londlng-gear irane.

JJ

The dictance tetwcen the Wheels is 2.1 m (8.89 ft.) nich
ig sufficient to prevent turning over, even in an oblique lond-
ing. The tires are 831G X 135 ma (31.89 X 4.92 in.) and, for
vad fields, 965 x 150 mm (38 x 5.91 in.).

:id is shock-absorbing and jointed. 'I% can be

readily replaced and is large enough to protect the Iuselaze

Zach airplane is wrovided with special connections for in-

stalling floats, which can be substituted for the whecls in a

J

N

he floats

o)
}_

=

- very Short time, thus converting it intc a seaplane.

are made of Curalumin and are each divided into six tight Com—

artments.

3

The sirplane can likcwise e equipped for taKl g off or

03]

landing on snow or ice by romoving the whecls 2nd substituting

duralumin runners and attaching a shoe to the tail skid.

Duc to officicncy of the F 13, it was Iound »OS-

Ll v

sible to reduce the ocnzine power tc a surprising degree. The

following cngines have bocn tested inm alr traific:

lierceces, 1680 EP.

1 185 i
SRS T 165 "
Junkers L II, 19z "



N.A.C.4A. Adrcraft Circulaer YMo. © 10

The engine ig casily accessible 2%
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exchanged in a short time.:
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The froatael rodia’tor oa the ¥ 13 was specilally desi

I{)

2T1C

y

the Junkers Company aad surpasscs all others for lightness an

p

oL N e Uy =
ffercnt tomperatures by

4

rodintor ehuttoers fron hiec seat

5

(Fig. 11, left). The cirplane is also nrovided with an addi-

Since air—traffic conditions are aow go different from
what they hove heen hitherto, it 1s aecessary to develop new

propellcy models by extensive researches regerding pitch, bvlade

section and diamceter. The propel
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superior laminated wood protccved by metal on thelir leadin
1

propellcers of its oﬁﬁ make, whose hollow gecvion Giminighes ao—§
cording td the laws of bodies of uniform resistance. The ad-

vantages of metal propellers are manifest. They are not sensi-
tive to climatic influences, i.e., they nelther warp nor splin-

ter. loreover, the Wb can

tion of the propeller pitcn at will for speed or for climbing,
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i.e., for

damaged, 1t can be replaced instead of haviang to discard the
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whole propcller. The mechanical eifficicncy of metal hr0p011er

portion of the airplane at a cousiderable distance irom the en-

L
- e = -\ -r';;_ K] a D e R T D _ e A
xine (ﬁlﬁs- 9h and 15j. It ig punped Irom the maln tank to a
3 )
~ g 1 o~ T < 21 .- : ., ~ s T e e A3 e e
zravity tank avove the piloi's seat (Flh. oi;. Ine fuacvioning

of the pusp can e ooserved by medns of g fucl-flow iadicator
the level of the wnilot's eves and a level-gauge in the grav-
ity tankz. This puasp can.bé_replaccd, iz casc of derangement,
by o hand pusip.

Sevcral filters, intcrecalated vetween the tank and the cor-
buretor, keep the fuel purc at the carburetor. ne safety meas—
ures exployed in this o nrcc';oq degerve sgpecial mention. I

the pipe leaks, the fucl, instead of flowing into the engine.

g

bed, is conducted outside the airplane by a second pipe curround-
ing the conduit vroper. A special partition ootwepn the engine
and the pilot's sgeat (Fig. 9k) protects the pilot and passengers
in casé of fire in the carburoto:. A1l pipes (namely, between
the main tanﬂ and the pumpe, the main tank ndd the trimming tank,
etc.) can be closed with respect to the others. In case of fire
in the carburetor, the intake of fuel into the engine can be in
nediately shut off by olosing o an 2le coCXe

A1l the instrurents, desizned for the vo.atrol of the en-
gine, of flignt and of the fuel (guch as the tachometer, oil

manoaneter, starter, interrupter, speed indicator, altimeter,
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ciock, coﬁpasé and fuel-level gauge) are mounted so as to be
easily cbserved. The throttle and radiator shutter are of sim-
ple conétructign and are convenlently 1ocated‘(Fig. 11} -

The passenger cabin contains four comfortable padded
chairs (Fig. 1€}, of wrich the two front ones (Fig. 91) Cén ve
removed 10 make room for pulky vaggage. Three windows, on»two
sides of fhe cabin,'can be partially opened anﬁ afford a later-
al aﬁd'downwafd’vigw:

A supplementary gesoline tank (Fig. 17) gdh.be installed
_for a longer flight, as also a table, the.spaée beneath the

: / :
latter serving, in case of need, as a compartment for carrying
i

mail.

There is a small sliding window for communicating with the

The cabin can be entered through twe large side doors, with
convenicnt steps.
On requecst, a heating plant for the cabin can also te fur—

nished ready for installing. This has given satisfactory re-

s

: ~ (o™ ' L . . .
sults at a temperature oI -20°¢ (—4 F). An electric lighting
system is also provided for the cabin.

The bacsace compariment (Fig. 9m) is entirely separated

[

so that the passengers may not be annoyed by

v

Each airplance is provided with a bag containing all the
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sef of tcols.

The nane of Junkofs as well as the COAuluual and brilliant
succeésses obtai qod by thoese alrolap es at “o“e and abroad consgti-
tute the best guaranty of comstruction, toth as regards materi-
als and worknansiip,

In addition to a rigorous inspcoﬁién of all the naterials
used and all the oparts, each airplane, before lenving the facto-
fy is subjected to a deteiled inspection by an iaspection de—
partment entirely scparate from the naﬂuf&oturing uep&rtmeﬁ%.
The acceptance test of eéch airplane is a flight of one hour
at full load. |
Trarslation fIOm'thb German, by Dwight . iliner,

for Aeronautics
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Fig.15 Fuel tank in central
part of wing.

Fig.l14 Junkers metal
propeller.

[ Fig.l S 3
Fig.16 Passenger cabin e tggﬁlemiﬁ;;:i iuel
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Fig.l Polar diagram of
thin wing (a) and

of thick wing (b)
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Fig.2 Tubular frame of
central part.

Fig.3 Interior of a Junkers Fig.4 Threaded joint of
wing tubul ar members.

Fig.5 Junkers all-metal air- Fig.6 In the snow on the
planes require no Boujouriste aviation
hangars. field near Sofia.

Fig.? Mounting the right wing|Fig.8 Constructing the fuselage
6916 A S
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