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¥ would be premature to speak now of any completed devel-
opment of these post;war forms of airplane construction. How-
eVér, certain standards have been established in the use and
dimensions and shépe of individual'parts,'which justify a sur-
vey éf the previous development and enable the‘drawing of con-
clusions for the future. RétrOSpective reports on a period

of development when things were still strongly in flukx have, in
the. form of statistical displays, little of intefest to engi-
neers. I have therefore endeavored to select only the most
important lines of development and have limited the descriptibn'
of indivicual airplanes to a few typical examples.

Any classification of the different tyoes of airplanes
should be based on logical distinctions. At the present time
there is considerable confusion in the use of the terms "light
airplane," "small airplane" and "glider with auxiliary engine."
Classification is possible by hofsepower, weight, or dimensions.

The last way secems the least expedient, since small airplanes

¥ "Die Entwicklung leichter und kleiner Flugzeuge im In- und
Auslance.” From "Berichte und Abhandlungen der Wissenschaft-
lichen Gesellschaft flr Luftfahrt" (a su plement to "Zeitschrift
fllr Flugtechnik und Motorluftschiffahrt"), July, 1925, pp. 84 to
95.
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are poésible voth with a small load per horsepower and a large
wing loading (racing airplanes), and conversely with a small
wing 1oading and a large load per horsenower.

Clagsification on the basis of horsepower is likewise in-
definite, especially for airplanes whose horsepower is near the
lower 1limit. We sometimes read of the so-called "brake horse-
power." This tem is, however; extremely elastic, as may be
seen on the brake diagram of a small rapid engine (Fig. 1).
We often find brake horsepower of 6.5 HP. given, though a
glance at the brake diagram shows that the engine furnishes
2.5 to 3 times that at the basic revolution speed. On the other
hand, light engines offer many possibilities of development, so
that it is probable that the present values of the weight per
horsepower can yet be considerably lowered and the horsepowers
correspondingly increased. On the contrary, the structural
Weight‘of an airplane seems to have already nearly reached its
minimum velue. |

I have therefore decided to use the term "light airplane"
for any airplane having an empty weight (dead load) of not over
250 kg (551 1b.). The so-called "glider with auxiliary engine"
is automatically included in this class. The term "small air-
plane” has been most generally adopted for airplanes above
this limit aﬁd not exceeding 600 kg (1323 1b.), although this

designation, as we have seen, is illogical and insufficient.
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Development of Airplancs of Medium Weight

(Up to 600 kg (1323 1b.) dead load)

Gemmany.— Under the restrictions in airplane construction,
as laid down bj the "Entente" and promoted by, the appearance on
the market of suitable small air-cooled engines, after the ex-
piration of the prohibition of airplane.buildiné, there was
produced in Germany a whole series of airplanes of 35-70 HP.
Space is lacking for a complete description of all the differ-
ent types, which are, however, well enough known through re-
ports in numerous technical publications.

We may designate this first stage of development in Ger-
many as one of type formation and of search for possibilities
of application. The method ﬁas to build an airplane on chance,
either to be left to further developmeﬁt, or to fill an exist-
ing need, or to develop new possibilities of application. Of
course there wa.s generally SOmé definite possibility of employ-
ment, which was often expressed in the designatidn of the type.
In the following compilation, the best-known German types (in

1923) are arranged according to their prospective use.

Sport Airplanes Training Airplanes Commercial Airplanes
’ (Monoplanes)
Rieseler lark Dietrich Gobiet Junkers Limousine

monoplane biplane .

Sablatnig mono. Junkers monoplane Caspar Limousine
Entler biplane . Udet monoplane Udet Limousine
Udet monoplane Heinkel monoplane Dornier Libelle
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This 1list does not include Heinkel's smoll airplane for use on
submarines and for exclusively military purposes.

The development has now entered on a new stage. The appli-
cability of these airplane types has becn demonstrated with con-—
siderable clearness. ijo airplane in this group has been able |
to demonstrate its availability as a pure sport airplaﬁe. This
group likewise contains no successful commercial airplane for
the rapid transportation of passengers and freight.

In spite of numerous boasts and statements of such possi-
bility, there is here an extraordinary exaggeration of the ac-_.
éual need. The technical conditions for this usc are also far
from being fulfilled. Rapid commercial transportation by air-
plane rcquires an extensive development of the ground organiz-
atiom, which must include, in the neighborhood of cvery large
city, a landing place provided with shelters, where mechanics
can take charge of the airplanes and make repairs, refill with
fuel, ctc., and from which the inner.part of the city can be
quickly reached by motor vehicles.

As exclusive uses, there remain only the training of avia-
tors and the carrier service byymeans‘of light limousines on
branch lines which serve as feeders for the international air
lines. To these uses there will probably be added in future, .
to 2 still greater degrce, the supervisory scrvice 6f high-
tension elcctric lines.

The past year has witnessed in Germmany a great increase
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of intecrest in aviation and in the number of those desirous of

1earniﬁg to fly.

The demand for suitable trairing airplianes

nas been satisfactorily met and treining schocis have been es-

tablished in many parts of the oouhtry by firms interested in

the sale of their airplanes.

The following table gives the

most important characteristacs of the new German airplane types

which have appeared during the past year,

A Dead Useful Wing Wing
Moke . load lozd span area
-ana Engine kg kg m m2
type . {1b.) (15.) (ft.) (£ft.2)
Dietrich 50-55 HP.
Gobiet Siemens
high-wing air- 300 210 9.68 13.5
D.P. VIIIa | cooled (861) | (483) (31.69) (145,3)
‘Udet 50-55 HP., Yax.
low-wing Siemens 315 255 10.6. 14
U 10 air-cooled| (694) (562) (34.78) (150,7)
Junkers 70 HP, 480 370 - 21,2
high-wing Junkers (1058) | (595) — (228,2)
T 19 or 80 HP. 470 350 —— 21,2
Siemens (1038) | (772) -— (228.2)
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and Engine Yo Yo n m
_ fyee (i5.) (15.) (i%.) (£t.)
Junkers 80 Hp. 515 250 - 21.2
high-wing. | rotary (1135) (551) - (228.2)
monaoplane 120 HpP. 535 250 - 21.2
W a3 E rotary | (1179) | (551) - (228.2)
Biplane 120 Hp. 590 230 - 33.2
W 23 D rotary” | (1301) (507) - (357.4)
Focke-Wulf | 75 HP. 570 4@0 13.9 27
Liﬁ°§gin6 Siemens | (1257) | (882) | (45.6) (290.8)
Heinkel 80 HP. 522 190 | 11 17
1§Wiwigg Siemens | (1151) (419) | (36.1) (183.0)
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M?ﬁg gvéné% ggid}zp . 22: e%eiil
e g/ ke/ . i/

= (10./7%.2) (1v./HP.) - (mi./hr.)

Dietrich

Gobiet

high-wing 38 93 145

D.P. VIIa (7.78) (205) (90) .

Udet Yax. -

low-wing 40.6 9.82 155

U 10 (8.33) (21.65) (986)

Junkers 35.4 : 10.7. 140

high-wing (7.25) (23.59) (87)

T 19 38.7 10.2 138
(7.93) (22.49) (886)
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HE 18

8
Wing Load Specd at
Mzgg 1cad per HP. sea “evel
Tvse kg/m2 kg/HP. K/ h
- (1b./f%.2) (1v.,/5F.) (mi./hr.)
Junkers 35 9.6 133
high~wing {7.37) (21.2) (83)
monoplane 37 8.5 150
W 233 E (7.58) (14.33) (93)
Biplane 4.7 6.8 125
W23 D (5.08) (13) (78)
Focke-Tulf 36 13 130-1.40
limousine (7.37) (28.66) (81-87)
A 18 ‘ .
low-wing (8.586) (22.49) (87)
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Development in Cther Countries

Even before the prohibition of German airplane building
had been somewhat modified, the construction of light and small
airplanes had been begun inh other countries. This veas mainly
a reaction to the overdue army deliveries. The various firms
attempted, by the delivery of airplanes for private and sport
purposes, to open a new matrket: A list published in "Aeronau-
tics," in 1920, contains a collection of 28 sport airplanes
built in England, France, Italy, Sweden and america, including
a few light airplanes. Of the airplanes listed, only 15, how-

ever, had been tested in flight.

France.— Here are to be mentioned: the Potez, of duralu-
min'construction, equipped with a 50 HP. Potez_engine, subsc-
quently with a 45 HP. Anzani;‘the Spad with a 45 HP. inzani,
subsequently built as a training airplane with two seats
abreast and an 80 HP. Le Rhone engine; the Caudron with an 80
HP. Le Rhone; the De¢ Monge with a 45 HP. Anzani engine; and the
Farman sport biplane with a 45 HP. anzani or a 60 HP. Le Rhone
engine. . 411 the types mentioned were biplanes, with a single
pair of struts on each side. - They were of very simple and of-

ten primitive form.

England.—- A. V. Roe and Co. produced thec "Avro Baby"

(Fig. .5), 1’nov'n for its remarﬁable flights. This airplane,

*In 1920, London—Rome w1thouu stop to Turin; in 1921, London-
Moscow; 1280 km (nearly 800 miles) non-stop flight in Australia.
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whose performances have not yet been equaled with an engine of
such low nower (35 HP.), was coubtless the best small airplanc
at'that time outside of Germany. ‘It is therefore of special
interest for ue to study itS»oonstruction‘more in detail, espec-
ially as rcgards the welght in order to compare it with the
present Georman typess he principal measuremcnts and weizhts
arc given in the following table (by courtesy of A. V. Roc &

Company) -

Span of upper wing, 7.6 m - ( 24.93 ft.)
Span of lower wing, 7.0 " ( 22.97 ")
Length, o 6.5 " ( 21.33 ")
Chord, 1.32" ( 4.00 ")
Ting arca, total  16.5m®  {177.6 sq.ft.)
Ailcron ", 4 X 0.3 m, 1.2 " (12.9 * )
Stabilizor arca, 1.23 (13.1 " )
Elevator , 0.79" - . ( 8.5 % )
Rudder " 0.5 . (7.0 )
Weights

Cell.

Tings with ailerons and strut fittings, 50.8 kg (112 1b.)

Struts, - 5.4 " (11.9 " )
Brace-wires, , . 2.0 " ( 4.4 V)
Total wecight of cell 58.2 " (128.3 1lb)
7ing loading, : ' 3 5 Vﬁ/mg
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Weights (Cont.)

Fuselage.

Fuselage with covefing and

cngine hood, 54.0
Steeriﬁg mechanism with cables, 5.9
Instruments, lighting system,

ctc., S.1

Total 63.0
Landing Gear. _
Struts and axle, 9.50
Whecls, 8.39
Tail skid, - 1.81
Total - 19.70
Tail Group.
Stabilizer and elevator, 7.50
Rudder, 1.56
Total 9.06

(119.05
( 13.01

( 20.94
( 18.50

( 3.99

( 43.43

( 16.53

11

1b.)

1b.)
" )"

n)
i )

(_3.44

( 19.97

Weight of airplane without power plont, about 150 kg (330
2 , g

Power Plant.

.Engine (35 HP. Green) with

magnetos, 93.00 kg
Exhoust pipe, 2.26 "
Radiator with piping, empty 10.%0 "
Tater in engine and.radiator, 9.06 "
Propcller, 5.45
0il tank with radiator and | |

piping, 1.81 *®

(205.03
( 4.98
( 24.03
( 19.97

( 12.02.

( 3.99
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Weights (Cont.)
Power Plant - ) ' e
(Carricd over) 132.48 kg (270.02 1b.)
Fuel tank with pump and piping, 6.80 " (_14.99 ")

Total _ 129.28
Dead weight of complete airplane
with radiator water, 230.00

Useful load (pilot, 36 kg (79.4 1b.)
fuel, and 6.4 kg (14.1 1b.) o0il, 115.00

kg

(817.29 1b.)

(253.53 V)

eight of airplane in flying order, 395.00
Wing loading, 24 kg/m® (4.92 1b./sq.ft.).
Load per horsepower, 11.00 kg (24.25 1b.).

- Performances
Hoximum spced at sea leovel, 137 km
Speed ot 900 m (2953 ft.) with
25% excess of power, 115 "
" Theoretical landing épeed, 64 M
Radius of action, | ' : 830 "

(870.82 ")

(85 mi.)/hr.

(71
(40
(391

It was first built as a single-seater and afterwards

into a two-seater.

" )/hr'
" Y/hr.
miles).

converted

There were also built in England, by the Austin Company,

sore five "Whippets" with 45 HP. Anzani engines.

Agide from a

few "Avro Babies" sent abroad (chiefly to India), airplancs of

this typc were not adopted to any considerable extent in Eng-

1and. The costs for purchase and upkecp were too high for
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private ovmership. Then, too, there was the competition of the
many army airplones offered at low prices by the Aircraft Dis—

posal Company.

America.- Here the princiﬁal companies endeavored to create
a demand for sport airplanes. Some eight different types of
medium-weight airplanes were brought out by 1920, four of which
were flown, playing, however, more or less the role of experi-
mentel types. There has, as yet, been no general adOpfion of
such airplancs for sport ér for private touring. o consider-
able number has been sold, excepting for training airplancs,
when combined with military purposes. A light messenger air-
plane, the so-called ﬂMessenger Biplane," was constructed at
McCook Field. This was a single-seat fuselage biplane with
struts but no brace-wires. It was also tested with a reﬁovable
landihg gear. Of more recent typos (ostensibly for private
purvoses but chiefly used for tr@%ping purposes) we may mention
the "Skylark! bipldne of the Bethiéhem Aircraft Corporation
and the Longren biplane, both quiﬁped with Lawrence three—
cylinder a2ir-cooled engines; alééa%he training airplanc of
Huff Dzaland and Dayton Wright,‘fhe "Swallow," with a 90 HP.
Curtiss engine, and the "Swanson Freeman" biplane with an 80

Q

HP. Le Rhone engine.

Czechoslovakia.- The Avia Works (Milos Bondy in Prague) in

1920 produced the Avia BEI, a low-wing sport monoplane with
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struts. It.was first equipped with a 35-40 HP. Austro—Daimlcr
engine and subsequently with a,SO‘HP. Gnorme and a 45 HP. An-

zani. The sane type was recently equivped with a 60 HP. Waltcr
radial engine, both as a two-seat (Avia BH IX).and-as a single-

seat (BHX) training airplane for the ammy.

Italv.~ Several years ago Macchi built a light ~%iplane
and cquipped it with a 35 HP. Anzani engine, but we have heard

nothing further of its use.

From the above review, we conclude that while attempts
have been made in nearly all countries since the war to craploy
rnedium~-wveight airplanes for private'purposes, such attempts
have met with some degree of success only in Germany, the cn-
ploynent of such airplanes in other countries being almost cx-

clusively for military purposes.
Development of Light Airplanes

Germany.— The truc light airplanc, sometimes designated
as a "glider with an auxiliary engine," was developed in Ger-
nany from the two components! the medium-weight airplane and
the glider, the latter oonstituting, undoubtedly, the stronger
influence, both aerodynamically and structurally. Gliding or
soaring flight reached its climax in Germany in 1922 with the
hour flights of Hentzen and Martens. It then required but an-

other stecp to produce & serviceable light airplane. .There were
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two reasons why this step was not takén. First of all there
were no suitable light engines. Klemperer had tried everywhere
without attracting any intercst or donsideration- Then therc
was the one-sided development in the direction of pure soaring
flight, as the result of an over-estimation of the immediate
practical and technical accomplishment of the desired result.
After the 1923 Rhdn soaring-flight contest, the light air-
plane (Fig. 7) built by the Aachen Airplane Company made sever-
al successful flights in the Rhon Mountains. This airplanc Wwo.s
one of thé first German light airplanes. It was a semi-canti-
lever high-wing ronoplane, dévcloped from a Rheinland glider.
The supporting surface consisted of a middle scction, rigidiy
attached to the fuselage, and two casily removable wings at-—
tached to the middlersection'by bolts} The plywood fuselagce
had a nearly rectangular cross scction. The entrance was '
through a side door. It was driven by a Habeco rmotorcycle cn-
gine, whose revolution speed was reduced in the ratio 3 ¢ 1.
It had o starting device, with whbsc aid the engine could eas-
ily be set in motion from the'pilot's seat. The chief charac-

teristics ares.

Span ' | 12.7 m (41.87 ft.)
ing area’ ' 15.0 m® (161.5 sq.ft.)
Length : 5.5m (18.04 ft.)

Weight in flving order :
(without pilot) 160.0 kg (353.C0 1b.)

Speed 75.0 k(47 mi.)/hr.
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Another forerunner of the German light airplane was the Daimler.
monoplane (Fig. 8) on which Schrenk rade remarkable flights,
some of them with a passenger.. It vas a nommal cantilever high-
wing monoplane bf 12.6 m (41.3 ft.) span and 34 m2 (2358 sq.ft.)
Wing srea. It was driven by a motorcycle engine which furn-
ished 12 HP., according to the statement of the Daimler Com-
pany. Martens experimented with a small Ilo engine mounted on
the front end of the "Strolch." Its power was too small, how-
ever, to produce more than extended gliding flights. With this
device, Hertens made a number of flights in the Rhdn during the
winter of 1933-24 and at Rossiten in the spring of 1924. It
was also at Rossiten that Budig tried out his well-known small
biplene with its automatic stabilization, which was equipped
with a Victoria motorcycle engine. Its power was also too
small, so that it never made any but short flights.

In 1924 the constructive activity iﬁ Germany in the field
of the light airﬁlane,was dependent on foreign light engines,
it being only recently that the Siemens~-Schuckert Company hés
remodeled & motorcycle engine for use on light airplanes.

This engine gave good results on the high-wing monoplane "Ha-
bicht" of Blume and Henzen (Fig. 9). It has two cylinders in
'V arrangement with double valves suspended in the cylinder
head. It furnishes 2@ Hp. at 3500 R.P.M. The revolution
speed of the propeller is reduced by gearing to 1500 R.P.M.

Most of the constructors used light English engines



N.d.C.4e Technical Memorandum No. 370 17

(Dcuglas and Blackburne). Fig; 12 shows thc "Kolibri" of the
Udet .irplane Company of Mdunich~Ramersdorf which, under the
pilotage of Udet, made the best showing in this year's (1934_
Rhbn contest. It is o high-wing airplane of 300 kg (441 1b.)
dead load, with plywood fuselage. It is equipped with a 750 cm3
(45.77 cu.in.) Douglas engine. The over-weight of the one-seat .
type in Germany is due chicfly to a compromice dn the engine.
Two-seaters have thus for been built only by'the Aachen Glider
Company, the Caspar Works in Travemﬁnde and Messcfschmidt in

Bamberg.

France.- The first decided impetus in the development of
light airplanes doubtless came from Franée. In contrast with
the ‘glider development which took place in 1920 in Germany and
which sought to develop the light airplanec by systematic re-
search with the formation of indecpendent types,‘we find in
France, soon after the war - if we disregard the experiménts
with Yaviettes" (flying bicycles), which were,not of much tech-~
nical 1mportance - light airplanes derived to a considcrable
extent from the earlier types of large airplanes.

In 1919 Farman produccd a light moroplare (the "Moustique")
of very simple form and only 100 kg (220 1b.) dead load, which
was first equipped with a 30 HP, ABC engine and later with a
16 HP. Salmson engine. ~Greater interest was attrdacted by De

Pischof's light airplanes "Avionette" and "Estafette' which
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embodicd, to é large extent, the ondeavor to simplify the tyoss
and reduce then to their smaliest Gimensicns, by making cach
structurtl elemcent scrve as many purpeoses as possiblec. On the
basis of this correctly conceived and successfully applicd
principnle of 1"ght congtruction, a decad locd of only 102 kg
(225 1b.) wes realizcd in the all-metal bivlane "Avionctte.!

4 few years after the war, the reawakencd interest of
Francc In war prepareénoss turned the 2ttention of mamufactur—

i vhe construction of heavy airplanes of greot
power. lloreover, ceriain influential circles {including Fouck)
energetically opposed the tendency, which had taken root in
France oifter the Gemman Rhgn.successos, toward the construction‘
of light and small ¢ 1rp1anes, with the argument that progross
in airplone building lay only in increasing the power and
spced. Subsequently, the results of soaring flight led in
France to the comstruction of light airplancs very similar to .
the successful soaring airplanes or glidsrs. A noteworthy
representative is the Dewoitine centilever high-wing monoplane
. 2

of 12.6 1 (41.34 ft.) span, which has been flown with various
engines (15 HP. Clerget, 16 HP. Salmson and 15 HP. Vaslin en-
gine |

The English successes turned many French constructors
(Breguet, liignet, Bleriot, “beaujard Viratelle, Ligreau, Marais,
etc.) to the light airplane. It is not necessary to consider

21l the types in detail. They are nearly all single-seat high-
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wing mcnoplance, showing no particuiar structural improvemnent

on the Zermon and Znglish typcs. Between June 27 and dugust

10; 1934, the rcund-Iflight contest organized by the "Association
Francaisc Acriennc!' tcok place in France. It started from Suc
and covered o total distance of 1800 ka (1118 miles) which had
to be flown in cight stages. Only threc of the entrants passed
the preliminary test, which concisted of & horizcntal flight of
50 ¥m (31 niles) and o climb to 2000 n (8562 ft.). The totol
results were larmentable. Only one airplane, 2 Farman monoplanc,
piloted by Drouhin, was able to complete the contest with an

average spced of 85.553 kn (53.18 niles) per hour.

Ingland.—- The English light airplanc contest ot Lympne
(Oct. e-13, 1933), added a strong impctus to the developroent
f the light airplane. Vigorously promotced by almost all the
English nirplanc constructors, it led to surprising results.
I have 2lrcady given a detailed report of this contest at a
rneeting of the Wissenschaftlichen Gescllschaft fur Luftfahrt,
so I con nov confine myself to the nost importdnt English rc-
suits, vhich were as follows:

1. The inportant point in the developnent of the light
‘airp1ane coneiste in increasing thc reliability'of the snall
¢nginecs.

3. The type to be generally adopted in future is not the

single-seater and certainly not the glider with an auxiliary
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énzinc, vut the light reliable two-seater.

The most notewcrthy single-seatcrs, which were developed
by the contest and adopted to a2 limited oxtent as treining air-.
ploncs by the R.4.F., are the De Havilland DH 53 (Fig. 14) and
the Parnall rixie, both low-wing monoplanes with top struts.

The DE 53, although 1t won no vrize as Lympne, exhibited
remarkable flight characteristics and excellent structural
propertics and is a typical represcniative of Znglish aircraft
construction from the simple a“d logical viewpoint. Recently
this airplane has boen equipped with the Blackburne "Tom+tit!
898 cm3 (42.59 cu.in;),engine, insteoad of the Douglas 750 cm3”
(45.77 cu.in.). The flying weight of the airplane wos thus
somewhat incrcased, from 236 to 240 kg (520 to 529 1b.), but
its flight characteristics werc considerably inproved. I an

indchbted to Mr. Walker, the chiof engincer of the De Havilland

Works, for the following data:

R.P.M. of propeller (direct drive) 2t sea level, 3050

R.P.lls while climbing, 3000
"RePels in horizontal flight, 3400
Horizontal spced at sea level, 117 kn (73 ni.)/nr,

Horizontal spced at 2000 m (6562 £+.), 103 km (64 mi.)/nr.

p.‘

Jlidoing speed nt sen level, 1.95 m(6.40 ft.)/sec.

Climbing speed at 2000 n

(3]

3 f£t.), 0.725 m(2.38 £t.)/sec.

)L.s

(85
Climbing speed at 3000 m (9843 £%.), 0.49 m (1.61 ft.)/sec.
(98

Clinbing time to 3000 m ft.) 38.5 minutes.
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The maximum speed of the Parnall rixie II is 18G-170 knm
(100-105 miles) per hour and its ceiling is about 4500 m (14764
ft.).

Asicde from military purposes, no noteworthy demand for single-
seat 1light airplanes has been created. On thé one hand, the orig-
inal cost is still too high fof brivate persons interested in
sport and pleasure flights and, on the other hand, single-seaters
are not adapted to the development of sport flying on a ciub
basis, since there is no possibility of learning. It may be
worth while for the same olasses in Germany, who are s%ill advo-
cating the use of single-seaters, to learn that only four of the
successful airplanoé at the Lympne contest have gone into private
hands, namely, one each of the DH 53, Parnall Dixie, ANEC and Avro.

I do not fear to say here that thc English are a stage ahead
in light-airplane building, because after the experience of their
first contest, they have proceeded with decision to tho'develop-
ment of the 1ight two-scater. These endeavors were assisted in
a decisive manner by the rules and regulations for this year's
(1924) contest at Lympne. The fact that this ?ear'sicontest, in
contrast with last year's, is purely national clearly expresses
the purpose of encouraging the British airplane factories to make
light airplanes suitable for military training. Thc demand is for
two-seaters with dual control, which possess the airwérthiness
certificate of the Air Ministry as regards their static safety

and which have demonstrated their flight charactcristics by nprevi-
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ous tricl flishts. The ciroke volume of the crginc must not ox-

ceced 1100 ¢a® (87 cu.in.). (Somc constructors rightly consider

this 1imit too swall for & thoroughly rclisble airplane. Capie

(=N

n
Geoffry Dc Havilland, who was considorcd one of thé most promising
contesﬁants, is said to have withdrawn from the contest for tals
reason.} Easy assembling and dismantling and'stowing in a small

spnace, in the dismantled condition, are reguired. The very strict
N b 2 1. o

light tcst provides for a point evaluation of the speed, climb-

h

ing ebilitvy, speed range, quick start and short take-off run.

3 L

Q)

.Airplanes with a landing speec of over 73 Im (44.7 mi.)/hr.,'mr
a minimum speed of lecs than 96 lm (52.7 ni.)/ar. are automaticalf
1y debarred. |

Judging from the character of the rulcs and regulations, it
would secm to be the fatc of the 1ight—airalane movement to 7Jlice
binto purely military channels. According to acwspaper revorts,
rowever, the English Air Miﬂistry is nlanning a oroader and move

general use. Preparations have already been besun for institut-

PIri-

0]
-

ing, at suitable places with the support of thc authoritie

vate associations for the quickening or awakening of the "air

9]

v s .
gl1lec—

sense" among the English youth. The final steps in thi

L]

tion will be token when satisfactory two-scaters becone availaple.

These associations are designed, on the one hand, to afford for-

mcr wnilitary aviators and rcscrve officers of the R..i.Fe the

2
]

opportunity to continuc their training and, on the other hand, 1o

&

enaclc others to lLearn tc fiy under their'guidanoet It is howed
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to reduce the cost per flight-hour to 5-5.7 shillings ($1.20-

$1.37).

America.— Here the light-airplane movement is still too much
in flux and in the initial stege for any definite'report. Accoxrd-
ing to "Aviation" only five light airplanes with ﬁotorcycle en-
gines had been built by private constructors (Indian, Harley
Davidson, Ace) up to April, 1924. Of the older forerunners, going
bdck to 1919—80,7apparent1y only the "Bellanca biplane of Mary-
land, with a 35 HP. Anzani engine and a dead load of 180 kg (397
10.) was actually flown.

The same circles which tried in vain to have soaring flight
adopted in #4merica, are now endeavoring to arouse interesﬁ in the

llight airplane. The opposition scems to be due partl? to aAcgr—
tain lack of understanding, in many influential circles, of the
tasks and purposes of the light airplane. Therec still seem to be
many aviators, even in #America, who condemn in advance any air-
plane of less than 200 HP. The institﬁfion of contests for the
production of practically useful airplanes arouses little intcr-
est on the part of the public, which prefers tﬁc fhrillsAof puare
speed tcsts. |

The structural development is still at the standpoint of
the singlp»se&ter, due to the 1§cﬁ€f suitable light American cn-—
gines. The power of the light airplane engines (15 HP. at 2300

R.P.i. and 50 1b. weight) designed by the Army dAir Service and
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built by the Steel Production Engineering Company of Springfield,
Ohio, is not sufficient for two-seaters. Among the more recent

* types, the high-wing monoplanes of Mummert and Allen aré both
equipped with Harley Davidson engines.

In the other countries, the 1ight—airp1an¢ movement has
gaiﬁed 2 Toothold only in isolated cases. In Holland, Voan Carley
has built a high-wing monoplane of noteworthy design and equipnped
with a 35 HP. three-cylinder Anzani engine (Fig. 18). 1In Czecho-
Slovakia, a low-wing monoplane, resembling the DH 53 and equipped
with a Vaslin engine, is béing built by the Avia Works. 1In Italy
a light monoplane "Pegna Rondin" was tested in 19233, with a 400
cm3 (24.4 cu.in.) ABC engine. This was a typical glider with an
auxiliary engine and stfucturally.éomewhat resembled the Aachen
glider "Blaue Maus" (Blue House). There has also been built: in
Spain, o biplane, Alfaro II, with a Bristol "Cherub" engine; in
Finland, a light monoplane by Adaridy; in Hungary, a light air-
plane by Trotzkai. Individually, these offshoots are of no spe-
cial structural interest and are worthy of note only in so far
as they indicate the present cxtent of the light-airplane move-
ment.

General'Construotive Fiducial Lines

A1l general fiducial lines for the construction of a machine
or vehicle are derived originally from the "purpose'" of the ma-

chine. By "purpose" is not meant any one of the many application
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possibilitics (svort, traffic, training; etc.), but the technical
principle or task. The purpdse of the light airplane is safe end
cheap flight with the loast wgight of structural material. 1In
this definition, safety precedes theAeconcmioal aspccts. In uy

opinion, it is much more important that light and small airplanes,

principally emploved for privafe purposes, should be very casy

to fly a&nd¢ able to land on vefy small bléoes ard have perfectly
reliable cngines, %han thdt.they shouid pe able to increase their
speed or reduce their.fuel consumption by 5 or 10%. The tem
"safc" compriscs the general static structural safety, aé well

as the staﬁility and control charaoterisfics and the reliability
of the cngine, while the term Ycheap" comprises'the economical
agpect.

I£~is purposeless and directly obstructive to further devel-
opment 1o over-emphasize in_these airplanes the factor of ccono-
my, c¢svccially as regards passenger and freight tranSpoftation,
before the gucstion of reliability has been satisfactorily solvcd

and the confidence of the public has been gaincd.
Safety Problem

The cessential factor for safety in the air is the reliabil-
ity of the cnginé. This is péitially gudranteed by its suitable
construction. The most important structural problems lie in the
realization of a small weight per horscpower,. fhe elimin&tioh of

vibrations, and the maintenance of the requisite temperature.
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equilibrium of all parts by sufficient cooling and lubrication.

In addition to these essential conditions, the degree the eagine
1s taxed during normal flight has a decisive cffcct on its relia-
bility and length of life. It is @ technical twu‘sw that an en-
gine which is continually taxed dlmost to the limit of its power
wears out very rapidly and can offer no guaranty of worfect zcolia-
bility. The secret of the remarkable reliability of the engincs
(B:M.W., Rolls Royce "Ezzla" and ﬁapicr "Lion") installed in the
commcrcial airplancs of the intorrational lines is mainly due to
their reserve power in cruising flight.*

This fundamental principle of sparing the engine by giving
it a maximum power 30-50% in exccss of that ordinarily requircd
mst bc applied with equal strictness to light and small air-
vlanes, in which there is often an inadmissibly high 1oading of
the eongine in normal flight as, for instance, in the new feeder
| airplunes ond in various light airplanes

In the so-called "glider with.auxiliary engine" the rcserve
nower is supposed to be rendered possible by the gain in wind en-
crgy. This éxtremely a£tra¢tivc possibility naturally exists
only where suitablc air currents can be gencrated as a result of
the conformation of the land or of thermal effects. Therefore
I believe thet 1t is not correct and expecdient to seek the mini-

mum power for & light airplanc fully independent of euch 10hal

* Cascs are on rocord where on &1Ip1&“n i e
"Lion" enginc has flown 160,000 Xxm (99,420 mi.) fi;hoAL a -Qrced
lending outside & regular 1a ndlna field, and 18,000 km (2944 mi.)
without the enginc b01ng overhaul ed.
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condifionsw Judging from the present status of light construciion
and aerodynamic knowledge, we have probably very cloéely approached
the minimum power for flving at 100-130 m (82-75 mi.) per hour.*
'The wonderful results of pure gliding and soaring flight have led
many people in Gemmany to exaggerate thé pure aerodyramic possi-
tilities, so that they do not sufﬁiciently realize the importance
of increcasing the power by improving the engines.

A Turther reasonable requirement is perfect structural safe-
ty in ail'fiight positions and on the ground. This, in turn, is
conditioned on a thorough static calculation and strength tesiing -
of the individual parts on the basis df‘predeﬁermined safety fac-
tors. There is yet no standard in the choice of 1oéd factors,
since the D.V.Ls has yet published no new regdlationst oSt méh—
ufacturers therefore follow fhe old regulations of the "Bau- und
Liefervorschriften" and_take either the load factors given in Sec-
tion V or higher values of their own estimation as the basis for
the static calculation. . In England, the stipulations of the Air
Ministry for the obtcntioﬁ of an alrworthiness certificate arc
taken as the basis for.thc structural safety of all light air-

planess * In the De Havilland monoplane, which is especially suited

&

for stunt flying, the wing spars have a safety factor of 4-5
against foilure (hence a load factor of 12-15).
There is & growing demand, though still relatively 1ittlc de—

veloped, for surc and sufficicnt stecring effect in all flight

* At lower spceds, the dependence on wind and weather is too great.

x
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positions, cspecially at low SpCGdS.- The fact that the rudder
‘pressurc is orovortional to the Sqﬁare of the velocity necessi- -
tatcs (cspecially for light airplanes, on account of their small
wing loading) a considerable cnlargement of the rudcers and care-
ful attention to_thoir shape and Cfoss—scctional aiea. We still
find many entiquatcd shapes of rudders and otiner tail plares, due
simply %o the iﬁdividu&l‘t&stc of the constructor, although (alf
most exclusively in English and A@crican literature) we have the
results of numerous rescarches on the best aerodynamic shapes of.
control surfaces, especially of thc ailerons. Lack of space for-
bids my going more into‘detail on this subject.* A considernble
improvement in the action of the directional rudder and of the
ailerons cecms to have been effected by the differential ruddcer
recently introduced by Dc Havilland. The principle of this de-
vice consists in the fact that the deflection of the lowered nil-
eron is somewhat léss than that of the lifted aileron. This di-
minishes the contrary lateral moment, which is created by thc or—-

-

dinary cqﬁally dcflected ailerons and which gzreatly reduces the
effcet of the directiomnl rudder, ecspecially at large angles of
attack.

A deplorable accident, whieh happened this year (1924) ond

which cost the lives of two brave pilots, has again called atten-

chk

tion

* It is treated exhaustively in the book "Leichtflugzeugbou" just
published by R. Oldenbourg (Mk. 8.50).

0 thc somcwhat neglected question of fire protcction by means
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of special fire bulkheads on light and small airplanes.

The safety of taking off and of landing depends chicfly on

- the étremgth of the landing gear and on the minimunm Speed. There

is no sense in reduoing the weight and drag of the landing geaf
to such on extent as to endanger the safety of the airplane.
Horecver, the landing gear share of the drag is less than is gen-
erally supposed. It is not more than 8-10% of the total drag of
a light airplane of the De Havilland monoplane type.

The landing speed is determined by the magnitude of the'wing
loading and the maximum 1ift. In light ai;planes of the prescnt
type, the wmost ecohomical wing loading lies betwecen 40 and 50
kg/m? (8-10 1o./8q.ft.); in airplanes of mcdium specd, between
20 and o5 kg/m2 (10-13 1v./sq.f%.). When the wing area is further
reduced, the induced drag increcascs faster than the wing section
(or profile) drag decreases. In light airplancs and also in air—
planes of medlum weight, for the sake of a highlload per horsc-
power and clhﬂbing ability, @ smaller wing loading is gencrally
taken, 20-25 kg/m® (4-5 1b./sq.ft.) for light airplanes and 38-40
kg/m2 (6-8 1b./sq.ft.) for airplanes of medium wecight. The Par-
nall Pixie II is the only 1igh£ airplane with a wing loading of
approximately 40 kg/m? (8 1b./sq.ft.). Even with this wing load-
ing, the theoretical landing speed, with thick wings having high
1ift coefficients, hardly cxceeds the landing specd of our old
B airplancs. For high-powered airplanes, a long flattening-out

in landing, especially 'in forced or emergency landings, is very
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inconvenicnt. It scems desirable to 6vcrcomc this disadvantoge by
speeizl devices (e.g., by wing flaps), preference being anturally

given to the device which will not only lessen the lift-drog ratio,
but gimultoncously, by increasing the iift, diminish the londin

spced. - The reserve power of the engine is of cecisive importance

or the length of the take-off run ond the safoty of the take-off

b

on & small field, cspecially when surrounéed by trecs or houscs.
For this renson, it also scems desirable, on 1ight and mediunm-
weight airplanes, not to aoproach the upper limit of the load per
horsepower too closely. 4 climbing speed of at least 1.5-2 nm
(4.9-6.8 ft.) oer second ig absolutely nccessary for both air—.
plane typos, if the pilot is to be spared several anxious minutes
every time he tekes off.

We do not have the official measurements of the take-off and
landing wuns of the light airplanes. This year's (1924) Samland
coast flight at Kénigsberg afiorded us the Opportunity;.however,
to obtaln these distances for the best-known German airplanes of

.

medium weight. These are given in the following table,

o

rom
which it ie obvious that considerable improvement in this respect

is still desirable.

T ype Take-off run Landing run
Mark I 171.0 = (581.0 ft.) 43.85 i (160.3 ft.)
Mark II .| 103.5 " §556.5 " ; 49,22 " (181.5
Udet I 220.0 " (721.8 125.60 " (412.1 "
Udet II 173.0 " (587.6 " ) 121.30 " (397.8 o
Alovzatros ' 185.5 ¥ (€08.6 " ) 111.580 * (3€5.8 " )
Junkers 225.5 " (733.8 " 2 93.57 " (323.4 ")
Dietrich-Gobiet | 149.0 " (428.8 " ) 137.08 " (4492.8 " )




N:«A:iCid., Technical lemorandurn No. 370 31
Econonvy Problen

The simple cost of production (for materials and labor) of
a mediun-weight airplane of wood and stecl tubing is opproximate-
1y the sanc as that of thc engine. Any soaving in the cost of the
matorials'is poséible only through = saving in the quantity usecd.
The labor costs can be greatly reduced by so designing the parts:
‘that thcy'can be made indcepcendently of once another and then assem-
bled in the simplest possiﬁle rmanner. This method, which is bor-
rowed from ::odern machine shops, espccially automobile factorics,
greatly accclerates the assembling. Individual groups, such as
the enginc and its nccessories (throttle, switchboard, oil tank,
fire bulkhead, etc.) (Fig. 17), the'tail group (Fig. 18) and %he
steering controls (Fig. 19), can be assembled separately. The
figures iilustrate the construction of the Udet U 10 (Fig. 3);

'11—meta1 construction is employed in Germany only by Dor-
nier and Junkers and in England by Short and Bristol in light
airplanes. It presupposes many years of manufacturing experience
and under any conditions is necessarily more costly than wood
construction. In metal coanstruction the ratio of the cost of ma-
terials to that of labor is about 2 : 1. The same ratio now ap—
plies appr wimately to small wooden airplanes with steel-tube
fuselages, when made in lots of 8-10. The simple production costs
of all-metal airplanes? in comparison with‘wooden airplanes or

those of mixed construction, are therefore decidedly affected by
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the ratio of the costs of the different materials. The relative
costs would not pe greatly affectcd by quantity production, as
the same advantages would accrue to both kinds of construgtion.
The production costs of metal-airplanes are thercférc now more
than twice the cost df similar wooden airplanes. This great dif-
ference in the original cost constitutes the chief reason why
light metal airplancs have not yet been adopted, notwithstandiné
their incontcstable superiority, especially in the matter of lon-
gevity.

‘It means a considerable saving in the costs of upkeep and
operation, if the wings can be folded, with a few motions of the
hands, against the sides of the fuselage and the tail skid can
be hooked on to a motor vehicle for transportation on the ground.
The importance of such details can be appreciated only by an air-
plane »ilot, or better still by a flying constructor, who has
had personal experience in cross-country flights. One must have
personally undergone the experience of making a forced landing
with a ¢ifficultly dismantable airplane, together with all the
difficulties of obtaining shelter, of guarding it in an open
tfield and of transporting it along the highweys, in order to be
able to appreciate fully the great practical importance of this
quostioh. The under-cstimation of such aviation problems, which
are naturally of especial importance for airplanes which must be
as- independent as possible of prepared aviation ficlds, is cduc to .

the fact that most constructors have seen the airplane only on



NTA.C."- Technical Memorandum No, 370

oy
R

the drawing board, but not in the air nor in practical operation.

As mentioned at the beginning, I have intentionally left t1ill
the last the discussion of the econaomical aspect of the transpor-
tation problem because, in comparison with the other aspects of
~the problen, thére is the least need of further improvements.
The econony 6f flight is determineq as well by pure aerodynamic
principles (high 1ift-drag ratio a;d propeller efficiency), as
alsc by structural morients. It is of prime importance for the
useful lcad to constitute a large share of the full load. In the
best airplanes, the useful load is already nearly eqﬁal to the
dead load, a technical performance which surpasses all other trans-
portation means of similar gpeed. ‘

The Samland coast flight contest, already referred to, af-
fords a good mecans for comparing the flight economy of successful
German4smai1>airplanes. The results of this contest are given

in the following table.

- ‘ e s Hourly Mean
Airplane Engine gasoline speed
consumption per hour

{g
)]
et
0
=
3
]

Albatros | 70 18.4 kg(40.6 1b.) | 143.4 km(92.2 mi.)

Dietrich | 70 HP. L 23.9 " (52.7 " )| 121.59 "(75.6 " )
Gobiet - ~ ' ‘

Stahlwerk| 35 HP. Baer 11.4 * (25.1 " )| 105.10 "(65.3 " )
Mark : |

Junkers 70 HP. Siemens [ 233.7 " (52,3 " )| 149.96 "(93.2 " )
Udet 55 HP. " 9.4 " (20.7 " )| 145.24 "(90.2 " )

(20.7
Udet 55 -HP . i 13.0 " (28.7 " )| 140.10 ¥(87.1 ")
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Tabie'(cont.)

Mrpleme Engine |  Useful Tt 5080

(3281 £t.)

Albatros 70 HP. Sicmens | 310 kg (463 1b.) | 7.4

Dietrich Gobiet| 70 Hp. " 350 " (551 M) 15.8

Stahlwerk Mark | 35 HP. Baer 104 (339 ") 15.6

Junkers | 70 HP. Siemens | 350 (772 v ) | 8.9

Udet 55 Hp.  ® 320 " (485 ) 13,4

Udet 55 Hp. i 320 " (485 )‘ 7;6

In 1light -airplane construction, the striving after the max-
imum "weight-strength' led to the eémployment of light metal for
many parts which had previously been made of steel. This princi-~
ple must, bf course, not be carried so far as to endanger the re-
liability of functioning, which requires a certain rigidity of
construction. There must be no place-where one may not take hold.
Furthermore, the question of the permis;ible flexibility, especi-
ally of the wings, is very important, in order to avoid danger—
ous vibrations. The reliability of the ailerons is largely de-
pendent on the torsional rigidity of the ﬁings, The wing weight
of 4-5 kg/m? (Ow8—i 1b./sq.ft.) of the Udet low-wing monoplane
U 10 represents a lower limit for a cantilever monoplane with a
wing loading of 40 kg/m2 (8.2 1b./sq.f%.) which will be difficult
to reduce very much. With the above-mentioned increase in the
use of 1light mefal for the wings and ailerons, the low weight per

unit area was obtained by increasing the width of the rib inter
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vals toward the wing tips in proportion to the decreasing load.
Greater reductions in weight appear possible in the construc—
tion of the fuselage. The following.table-givcs the weights of

threc different fusclage types.

Fuselage type | Airplane Engine Bare fuselage

Wood- and wire | Avro Baby 35 HP. Green 54 kg (119 1b.)
Steel tubing Dietrich Gobiet | 55 HP. Siemens | 42, " (92.6 " )
Plywood with Udet 55 HP. Siemens |.39.3" (86.6 ' )

supporting
cover

In the stee1~tﬁbing fuselage, the saving in weight has not
yet been carried very far, so that the two types_may be'considered
a8 having approximately the same weight. The construction of the
steel-tubing fuselage, however, requires a less number of hours!'
work (116 hours, including covering and varnishing), so that one
can be .completed in 3.5 to 4 days by four workmen. The weight of
this type can be diminished by the use of light-metal tubing.

The method adopted by Loessl on the Caspar monoplane is note-
worthy for its great reduction in the weight of the fuselage.

This cénsists ih making a steeltubing "chassis" for the engine,
wings, landing gear and seat, while a iight plywood fuselagé
forms the connection with the tail group. Therc is some ques-
tion, however, as to the cffect of moisture on the behavior of
this type of fuselage.

A more practical method than the comparison of the so-called
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"{ransport econom&" (espccially with the perfommances of other
means of rapid transportation) is the comparisonh of the costs of
passenger transportation by reﬁlacing, in the expression for the
"transport cconomy," the useful load by the number of porsoné

carricds

in which n = the number of pcrsons, Yy the.mean specd and Db
the fuel consumption per hour. This method has the disadvantage
of comparing airplanes which differ grecatly in their rmean speceds.
The values of V arc thercfore of very practical importance,
since they give the fuel consumption x in kilograms pecr person
per kilometer. The following table gives comparative data for

various vehicles.

n Vi
Vehicle Persons Mean speced
carricd . + per hour
Motorcycle 2 . 60 knm (37 miles)
Touring carj 4 50 " (31 0" )
Medium-weight airplane 2 130 " (80 " ).
Light one-seat - " 1 100 " (82 v )
Light two-sect " 2 100 " (B2 " )
Runabous auto 2. 50 " (31 " )
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s Table (Cont.) S

mn b x Pfg

Vehicle Persons Fuel cons. | Fuel cost per

‘ carried per hour . |person per km

Motorcycle 2 | 3.8 xg( 7,9 1b.) 1.20
Touring car 4 8.4 " (18.5 " ) 1.68
Medivm-wcight airplane 2 16.8 v (37.0 ") 2.58
Light onc-seat airplane T 5.4." (11,9 " )| - 2.16
Light two-seat " 2 7.2 " (15.9 ") 1.44
Runabout auto 2 4.3 " (9.3 ") 1.68

(As regards the value of b, it should be noted that an
increment of 12% was added to the fuel consumption, so as to in-
cludc the oil consumption. The cosf of gasoliné was assumed to
te 40 Pfg per kg.)

- It is obvious from the above comparison that the cost of
the fuel is of rclatively small'importance and that the light air-
plane comparcs very faQorably, as regards ecconony, with other
forms of rapid transportation. It does not, therefore, seem

justifiable to place the question of economy last.
Special Structural Considerations

Monoplane or binlane.- The structural development of light

and mediuwm-weight airplanes has assumed a decided trend toward
the monoplane. The former thin-winged biplane with struts and
steel cdiagonal wires or cables are now regarded in Gemany as

out of date. For o given wing area and span, a given 1ift and
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the same wing section or profile, a céntilever biplane is infer-
ior to a cantilever monoplane, on account qf the unfavorable
ratio of the thickﬁess fo the span of the wing. For the same
span, 1lift and speed, the induced drag of a biplane is indeed
csomewhat smaller. According to the Prandtl multiplape theory,
the drag of a biplane is known to differ from that of a monoplane
by a factor k, whereby k, for example, has a value of 0.779
for a ratio h/b (gap/span) of 0.15, the span of both wings
being the same. Moreover, the induced drag is relatively small
with the now prevalent dimensions and weight and power rela-
tions. Fig. 33 shows the distribution of the drag on a De Hav-
illand D;Hf53, a normal 1ight monoplane with wing struts. It

is obvidﬁs that the induced drag plays a subordinate roie to the
profile drag and the fuselage drag. There is therefore no sense
in going to extremes in the span of this type of aifplane, as in
glidingvandvsoaring airplanes.

The more favorable ratio of wing thickness to span assures
the monoplane, under otherwise like conditions of drag and 1ift,.
the advantage of a smaller weight than a cantilever biplane or
one built only with torsional end struts. The "old-school"
girder construction weighs.less, but (as demonstrated by the
calculation of examples) the additional drag of the struts and
wires is greater than the. slight reduction in the profile drag
through the employment of a thin wing section. Practical exper-

ience has demonstrated that the aerodynamic advantages of the
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cantilever monoplane hardly. o ffset the smaller weight of the
strut-end-wire type, though the differences are not so inportant
as has gererally beon assumed. To illustrate +this, I will com-
pare two ZInglish light airplanes, the De Havillaend monOplane and
the "Gonnet" biplane (Fig. 15) of the Gloucastershire ii;eiaft
Company, which have the same engine, Blackburne "Tomtit" of

698 cm3'(48.6 cu.in.) stroke-volume, and for which, due to %he

courtcsy of both firms, we have abundant data..

1. Gonnct biplane.— Weight in flying order with 10.8 1i-
ters (2.85 grllons) gasoline and pilot (76 kg = 168 1b.) ... .
209.00 kg (461.0 1b.)

Engine 36.20 kg (?9.8 1b. )"
Pipes, etc. 4.54 " (10.0 ")
Tanks _ 2.26° " (50 ")
Gasoline ' 6.55 " (14.4 ")
0i1 - 0.66 " (1. 5"f)
Propcller : 2.6 " (5.0 " )
Sundries 4.54 " (10. 0  ")
Total weight of power plant 57 kg (126 1b)-
Weight of ccll 76 " (188 ")

Total weight of airplane (without pilot) 133 # (393 M)
Wing loading . ' 21.8 %p/m?(4.46 1b./sq.ft.)
Load per horsepower 8.4 kg/HP.(18.5 1b./HP.)
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2. Weight of DK 53 in flying
oréer ' - 250 kg (551 1b.)

Weight of cell under samé
assumptions for power

plant 107 (236 1b.)
¥ing loading .21:6 kg/wR4.42 1b/sq.Tt)
Load per horsepower 9.6 kg/HP(1.97 1n./wm.

With almost the same wing loading, the load per horsecpower
for the monoplane is about 11.5% more than for the biplane.

This difference appareﬁtiy suffices to offset the aerodynamic
advanfagcs of the monoplane, since both airplanes have approxi-
mately the sime maximum speed, 117 lm (73 miles) per hour.

Hence it would be somewhat premature for us to conclude,
without further consideration, that the cantilever monoplane, on
account of its aerodynanmic supefiority, is necessarily the best
form for light and small airplanes. The real reason for the
superiority of the monoplane over the braced biplane is rather
of a structural nature. It COnsiéts in the simplification'of the
structural fom and type and in the increased safety of opera-
tion through the climinaiion of numeroué parts, such as struts,
wires onc fittings. The biplane, however, has incontestable ad-
vantages for certain special purposes (e.g., fraining airplanes),
where it is impoitanf to have the:ﬁinimum wing 1oading iﬁ a

convenient fomn.
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Lowv-wing ¢r high-wing.- The nosition of the wing on a mono-

plane is determined from a series of structural, acrodynaric
and flying considerations, without its weing right or expedien
to adopt cither one exclusively. From the pure aerodynanic view-
point, the mutual effects of the propeller slipstream and the
wing position on the magnitude cf the air forces play a cecisive
role. Severzcl years ago in the thtingen laboratory, I carried
out 2 series of systema’tic researches in this connection and
found that the location of the wing in the middle of the fuse-
lage was decidedly the worst, and that the low-wing type with a
high propeller axis worked better, as regards the ratio of the
additional 1ift~to the additional drag, than the usual high-wing
typo with the propeller axis 1lying on the pressure (lower) side
of the wing. The high-wing type with a high propeller axis

gave the beét results. I did nof investigate the parasol mono-
plane type which has a gap between the fuselnge and wing. Prac—
tical ecxperience with the latter type, however, seems to indictte
very favorable acrodynamic conditions.

| .Structurally, the low position of the wing is the simplost.
It enoblcs the location of fhe seats avbove the wing spars, while
the high-wing arrangement necessitatcs the placing of the seats
between the Spars, dnd the parasol type requires a special cab-
ane. In England, the low-wing type with wing struts (semiconti-
lever) is vreferred, since it cnables an easy adjustment of thc

angie of attack and dihedral. Morecover, the English emphasize
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the possibility, in the low-wing tyve, of arranging the tzil

grollp above tne wing and of thms avoiding, especially at lar

4

e
angles of attack, the disturbing effect of the bcundary layer
releaced from the wing.

In spite of its incontestable structural advantages, there
exists in Germany, the origin of the low-wing type, a growing
aversion Lo thie tyoe on the part of the pilots. They much pre-
fer the parasol monoplane, both on accouant of the grsater pro-
testion it afforde the occupants in the event of capsizing and
also on account of its smaller tendency to pitch. The latter
characteristic, which is natur&liy important for sport airplanes,
merits special aftenticn. Accarding\to the Hopf theory, nitching
can e eliminated only wnen the tail-heavy gyroscopic moment is
able to offset the nose-heavy asrodyaamic moment produced by the
pitching. The magnitude of the gyrcecopic momunt can be'greatly
reduced by placing hesvy masses above and below the center of
gravity. It is therefore easier to keep a2 high-wing airplamne
or a biplane from pitching than a low-wing airplane, since the
wing, which contributes largely to the moment of inertia about

_the lateral axis, is often located, in the low-wing type, at or
very near the height of the center of gravity. In fact, practi-
cal experience seems to confirm this theory. My personal exper-
iencc and observations are 11m1ted to the Dietrich Gobiet ailr-
planes. It is remarkable how casily and surely the well-known

biplane DP Ila and the high-wing monoplane DP VIJa can be brought
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out of pitching by a gentlc pressure. Because of lack of confi-
dence on the part of the pilots, we have less practical informa-

tion concerning the behavioér of the low-wing monoplane.

Conclusioni- I will closc¢ the purely techniéal discussion
with a fcw general remarks. I hope my comparison of German and
foreign accomplishments has shown that the development of the
light and small airplane is in good hands in Germany.. In consid-
ering the development of flying machines, it would be a mistake
to overlook the flicrs. The former military aviators arc on
the decline and a younger generation must be trained to replace
then, if there is not to come a time when our German commefcial
airplanes will be flown by foreign pilots. 1In the training of
this genération, I behold the real mission of the light aifplane,
though not in fulfilling the slogan "To every one his own air- .
plane." Any considerable sale to private owners is hardly prob-
able at the present time. I oertéinly believe, however, that it
is possible for the mumerous clubs already in existence ond still
to be organized, to acquire two-scat light airplaﬁes with cducl
control. On the one hand, this would furnish former pilots the

opportunity to renew their aviation practice, while on the other
hand, these pilots could train new pilots and thus transmit to
them their own centhusiasm as a living tradition, not from a nil-
itary stondpoint (which would be madness in the face of the air

- flects of our former adversarics), but for the welfare and moin-
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tenance of our peéaceful air traffic. In my opinion, thesc ob-

jects merit the support of the government authorities just as

=2

uch as the soaring-flight movement. Thus it will be possible
to cholop not only ncw airplanc pilots, but also a ncw type of
aviator wnich, for the first time since the beginnings of avia-
tion, hés how become scarce, namcly, the flying airplane con-

strucior.

Translation by Dwight if. Miner,
National Advisory Committece
for Aeronautics.
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Fig.® Blume & Hensen light Fig.10 2-geat 1light airplane
Airplane "Habicht" ’ C17 of the Caspar Works

Fig.l2 "Kolibri" of the Udet
Airplane Co, Munich

Fig.l1 Light airplane of the
"Bahubedarf" Co.(Darmstadt)

Fig.13 Breguet 1ight airplane Fig.15 " Gannet'biplane

of Gloustershire Aireraft Works
1760 A, 8.
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