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TECENICAL MEMORANDUM NO, 724

AIRPLANES PARTICIPATING IN THE 1933 CONTEST FOR
THE DEUTSCH DE LA MEURTHE TROPEY

By Pierre Léglise

The essential regulations of the 1933 Deutsch de 1la
Meurthe contest were: a maximum piston displacement of
8 liters (488 cubic inches); length of course, 2,000 kil-
ometers (1,242,7 miles); obligatory stop of 1 hour 30 min-
utes after 1,000 kilometers (621.4 miles): stops pernitted,
but length of stops not to be deducted in calculating the
mean speed. These broad limits and the liberty allowed
the designers led to very happy results. ¥ew airplanes
and engines were elaborated in less than a year or esven
six months in some cases,

The time seemed to be too short for putting on the
finishing touches in certain cases, thus making the con-
test less severe for the remaining airplanes, Only the
productions of Potez-Potez and Caudroun-Renault remained,
which were well adapted to the purpose and led to method-
ical investigations in a direction that is rather new in
France.

INTRODUCTION

The airplanes were made of wood (excepting, of course,
the fittings, engine bearers, landing gears, etc.). There
was one notable exception, the "Kellner-Begchereau," which
was all metal and which constituted a study for a pursuit
airplane. Preference was given wood for airplanes to bve
made quickly in small lots. The wings were cantilever
(except the Warman-Renault) which was braced exterana ally)
with plywood coverings. Thelr relative thickness at the
root was small, beldg only 12,8 percent of the chord in
the "Caudron 360."

*L'Adronautigue, J11J (ppe 1ou lud,, and August (pp. 175-
184), 1933,
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Structural drag was largely eliminated. The landing >
gears received particular attention., There were retract-
able landing gears (Fotez and Kellner-Béchereau); landing
gears with only one wheel, retractable or Tixed, and wing
skids (Farman); and a landing gear with only one very thin
streamline strut (Zaudron). :

Other parts were also visibly refined: inside controls,
enclosed cockpits, streamline windshlelds, engine cowlings

with minimum louvers, and wing connections developed from
wind=tunnel tests {(Potez, Kellner-Béchereau), - The desira-

ble reduction in the wing area led certain contestants to »
scek high. 1ift by means of flaps (Caudron) or ailerons

(Potez). The following descriptions will indicate the new

. features of cach airplancs

The takewoffs were generally difficult,. somotimes even
agonizing., This was doubtless due more to the poor func-
tioning of the propellers, adapted to speeds of 300 km/h
(18644 mi./hr.) 0r wmore, than to the reduction in the wing
area. lloreover; in our opinion, the necessity of wusing
wheels of small diameter which alone canr find room enough
in wings of 3 to 4 m® (32¢3 to 43,1 sq.ft.) (the wheels of
the Béchereau, for example, would have been obliged to
lodge in the c¢bonnections at the leading edge of the fuse-.
lage) did not facilitate the take-oifs. R 3

Deutsch Trophy Airplanes of the Future

Where can improvements be made for future Deutsch de
1a Meurthe contegts? We think they will be made first in
the retractable landing gear and then in the variable-
pitch propeller, preferadbly automatic. The search mus?
next be directed to high-1ift systems,

Tet us assume that, due to reduction in the weight of
the engines, the speed range can be raised to 4 on tae av-
erage, and that a maximum. speed of 500 km/h (310 mie/nre)
will soon be attained at the price of a landing speed of
only about 120 km/h (75 mi,/hr.). If the problen of the
high-1ift airplane has been thus far avoided, it will come ;
up again at higher speeds, The nature of the contest will ‘
necessarily lead to airplanes of variable polar. Here the
three fields of investigation will reappear: cambdber, angle |
of attack, area,
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For the preseat we will. say nothing of the area.
Previous tests are doubtless rather 1cce9t1vo, because the
increases in the area have been small -or oven insignifi-
cant, At present only tho variation in the cambery by
means of flaps has boen utilized. It appears that 'the Zap
and ‘Fowler systems here have new 90351b111t1es, gt TL " bur
little known to us,

The var*able angle of attack, by rotation of the en-
gine group, coordinated, automatlcally'or not, with 'the
sdjustment of the stabilizer, would seem to have a future
and not be very complicated mechanically. In this connec-
tion a number of patents have already been taken out. The
ones by Caudron and Levasscur, in particular, have been
analyzed in this magazine. It has Dbeen studied by the
Italian engineer Pegna and the Bernard firm, Moreover,
nothing preveats reqtlrln? of the propeller a direct 1ift
component and a buffer effect of the obligue air current
during the whole take-off, This assumes, of course, the
use of a controlladble-pitch propeller capable of producing
a considerable thrust at low speed., Such a system would
“involve the running of risks in landing in case of engine
failurc.

.

Thus there probably exist, in the matter of speed,
sonme untried ways whose exploration may lead to useful re-
sults, It is gratifying to see our institutions of ro-

- gparch taking up thoir investigation,

THE POTEZ 55, WINNER OF THE CONTEST

Aerodynamics

The Fotez 53 was the object of very thorough wind-tunnel
investigation with the almost complete elimination o sy 51
terferences (figs. 1, 2, and 3). The drags were estimated
as follows :

Wing, 34 percent
Fuselage with cowled engine, 39. %
Eg1)l surfaces, 9 n

Misc, (0il radiator, inter-
stices, roughnesses, etc., 6 "
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Increase due to slipstrean, 12 percent
The-bomplete airblané,'in the wind tunnel, had. a. bx rr
g 2285, .1t 18,0btained by tranSIormal conformatlon and -
conserves interesting characterl tlcs for all the wxrelative
thicknesses between 6 and 22 percent. (See polars,) . The
wing is tapered., The profile at tie root is the P9 with.
a relative thickness of 18 percent and the same'profile .
at the tip reduced to the relative thickness of 5 percent.
The angle of 'setting is unlform throughout the.qpan.

Constriuction

The low cantilever wing consists of two half-wings
Joined to a central part integral with the fuselage. The
helf-wings are attached by special fittings with conical
nuts which eliminate all play and do not project beyond.
the smrface. Box spars,. spruce ribds, and plywood covering.
The wing-fuselage junction is filleted The fillets, of
which two fdifferent kinds Were used on the .contesting air-
planes, increased the 1lift 12 percent as compared with

wings without fillets. Fuselage of circular section in

front .and ovoid at the rear; .spruce frame with plywood cov-
erings retractable landin*_gea:, increasing the speed about

40 km/h (about 25.mi./hr.).

The engine is a Potez 9 B 310 hp. with supercharger
and annular cowl; a2 single fuel tank of 320 liters (84
gallons); oil tank forward in a special, well-ventilated
compartment, ' W T

The Potez 53 of D&tré won the trophy at the speed of
13.8 km/h (200,6 mi./hr.). Lemoine lost sight of the
rse for an. instant, due to projections of oil, and went
ray.” After recovering it, he made one lap at the very
h speed of 356 km/h (221.21 mi./ar,), but the rupture
an oil pipe comoeWInd him to &rop ot during the fifth

B @ 48R
Hy e @ O' 0o

|l
@

®
L

The attack of Potez on the double problem of the air-
Plene and the engine group attained well-merited success.
The perfectly designed Potez 53 lifted with relative ea e
the load of fuel required for the first 1,000 km (621.
miles)o The course was flown with great regularlty by
Détré, who gave the impression of sparing his airplane,
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Legends with Detailod Doscriptions

FPIGURE 1.~ .The:Potez 53 airplano (Ffote: Tho position
of tho landing gear, as sketched Dby tdo writor, may not bde
cxact,) (o : :

Characteristics

Span 6465 .m " . 21482 1%,
Length . 5.40 " 17,72 M
ight 1.80 " . 5,91
Wing area 7,20 :m? 7750 B8q.L%y
Teight without fuel 600 kg 1,822 %7 Y03
Gross weight 900 | M 1Lgag4 b6 Tl

4

-

FIGURE 2.- Three-quarter front view of the Potez 53
with 310 hp, Potez 9B engine. :

FIGURE 3.~ Three-quarter rear view of the Potez 53,

FIGUMu 4.~ Longitudinal section of the Potez 53 airz
piane, P, air inlef of supercharver' R, otd rellator,ﬁf’
r, wheels on which are wound: tiie cables whicdi raise tnc
landing gear; L, mechanism au*cn, operatod by wheel e
simultaneously doflects the 2ilcrons in tho same dircttibn;
M, control stick; P, ianstrumeont board; p, pa*a01uto*' A1l
controls are rigid and no part projccts beyond the cov¥or=
ing. '‘Pilot's cockpit is behind w1ﬂ0. The windshield is
prolonged forward and can be.dctached to onable use of
parachute, which is also facilitated by -a handlo on'the
fusclagoe 4 i

FIGURE 5.~ Tosts of comploto models differontly
cquipped,.

FIGURE 6.~ Characteristic curves, for aspoct ratio 5,
of Potoz P9 wing section.

x
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The offect of the various combinations of the factors
definod on tho left is indicatod on thoe right.

Drag Blcments of Airplanec Tost Rosults (fig. 5)

a, landing goar retracted © Le--looio- induced polar,
b, landing gear let down : — —— —Wing alone.

c, with wing-fuselage fil- -
let __—

solution A (a,c,e,g).

d, without wing-fuselage
fillet ‘ y e B (b,c,f,8).
e, pilot's cockpit covered —_— i ¢ (a;8,8,8).
f, pilot's cockpit open o ” D (aye,f:8).

gy, Wwibth inner fairing of

Wheel X A i E <a,cve,h)0
hy without inner fairing of .
Wheel v " F (a,d!f’g>'

Solution A (i.e., landing gear retracted, wing joined
to fuselage by fillet, cockpit covered and wheels faircd)
was chosen for the Fotez 53, The gain in the Cx pin
over solution B, which diffoers from A by the landing goar
being down and the cockpit uncovered, is morc than 4 per-
coent, The increase in Cgz pax With respect to solution
C, which differs from solution A only by the absence of
wing-fuselage fillet, is about 12 percent.

FIGURE 6, which gives the polar, the fineness ratio,
and the Cp curves for two relative thicknesses (12 and
20 percent) of the wing section P9, shows that Cz max de-
creases simultaneously with the relative thickness e, and
that the fineness ratio increases when e decrcases.

FIGURE 7.~ Aileron control.:

Operated as ailorons.- If tho wheel V 1is not
touched, the articulations a are fixod with respect to
the caso C, and tho motions of the stick act dircctly on

the case and consequently on the whole control systom.

4
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Oparation as flaps.~ The whew® V operates a pair of
bevcl gears c¢ by means of a long shaft inside the tube,
. at the ‘ends of which arps mounted the  control stick and the
case Cs The rotation of V moves :@a nubt e,  on a Serew
ve The rods T, going to the ailerons, are attached at
a to a sort of deformable quadrangle, the sides of which
(b and T') are, respectively, hinged to the case C and to
the nut e. When, for example, e 1s raised toward the
top of the caso by the distance AB, b and T' approach.
ecach:other, and the joints ' a . are thrust outward by ‘the
digstance 1, thus simultancously deflecting both aileroans
in thec same direction.

tf
—

.,.‘
f,

G

: - -~ Landing goar of Potoz 53 in various phases
-0f retrac

RE R
tion, %

" It is soen that whon the landing goear is rotracted,
the inner fairings of the wheels form two quite large
bosscs on the lower side of the winge According to tests
madoc by the Potoz Company, such bosses on-the lower sido

of the wing have but littlo effoct., This fact is con-«
firmed, morcover, by what is known of cortain Amcrican air-
plancs whose landing goars ,arc not centirely concoalod:in
the wings (notably the Boeing "Monomail'), ;

At Etampes—ﬁondésir, before the designer of the air-
plane, we expressed the opinion that the retracting parts
on the landing-gear struts might -increase the take—off
time, as they present a very large angle of attack to the
relative wind, '

Since then, the Potez Company has called our atten-
tion to the fact that tho tako—~off distance is essentially
a funection of tho propcller thrust and hence of tho propel-
ler diameteor, It was notod, in fact, that Détré, with his
Potoz 53 Fo, 10, cquipped with a propellor of larger diam-
otor than tho Noe 12, took off cach time with a full Tead
of fuel just as well as, if not better than, the other con-
testants, who carried only half a load of fuol,

FIGURE .9,~ One of the two kinds of Jjoints between the
wing and fuselage on the Potez 53,

FIGURE 10,- Left, articulation of lan 1ding gears right,
air inlet and oil .radiator,

FIGURE 1l1l.,~ Retractable landing gear of Potez 53 with
Messier shock absorbers. Upper left: diagram of extended
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landing*gear  as seen from the fromt, Upper right: front
and plan views of landing socar folded in the wing. Hiddle
lefti{ diagram showing forward displacemeant of wheel in low-
crings Bottom: dotails of socket - C and of lug © for’

attaching cablo e, : , e

Tho retractable landing gear of the Potez 53 is ina
stalled in such a way that, in the extended position, the
center of each wheel advances a distance d with respect
to its position in the wing., The retracting mechanism
adds only about 6 kg (13.2 1b.) to the weight. of the land-
ing gear,. S ;

“The strut J, which carries the fork and the liessier
shoclz absorber, is hinged by means of a lug» C to a slecve
o, Ihis slcovc can itself slido and turn on a fixed tubo
- mountod behind tho front spar. Arouad B there turns

ring 'a, "on which a lug O  sorvos as attachment for

he operating cable -c, - ‘Tho lattor is actuated by the
geare ‘R, controllod by-the pilot., J 18 held Dy a V-
strut, the apox of which is hinged to J by a sort of uni-
"versal joint A " and tho opposite ends to the bottom of ' the
fiasclage following an axis XX,  "The projections of XX
form the angles: o and B with the horizontal and vertieal,
respectively, in such a way that all the axes converge to-
ward the rear and diverge toward-the froat. ‘It is these
inclinations that make it possible to advance the wheels
sufficiently, when lowered, with respect to the center of
gravity, while insuring' their proper lodgment between the
two spars, when retracted, i s

d O 3

THZ "CAUDRON 360", WINNER OF SECOND PLACE
(figs. 12,713, and 14)

Aerodynamics

A low=wing monoplane; tapered wing with rounded tips;
aspect ratio, 6.6; taper, 40 perceant, Symmetrical bvicon-
vex profile set at £ A top of wing, straight, The pro-
file undergoes a triple evolution along the span: reduc-—
tion of the chord from 1,5 m (4,92 ft,) at the root to 0.6
m (Le9%7 £t,) at the tip; reduction of the relative taicke-
ness from 12,8 percent at the root to 5.4 percent at the"
tip; relative increase in the radius of curvature of the
leading edge toward the tip, Mr, Riffard-thinks the third
artifice contributies zgreatly to the fineness of the ﬁing;
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100 Cx mip of wing alone (model), 0.8; 100 Cy; of the

landing gear (model), O.4; 100 Cx pin of airplane com-
plete (model), 1477; drag (calculated) due to cooling of
engine, 100 Cx = 0,43, Total drag of airplane used in
calculating its performances, 100 Cx = 2.2. The trans-
verse position of the wing opposite the fuselage with
faces parallel at the line of junction eliminates the in-
terference between the wing and fusclage. The wing had
trailing-edge flaps with & chord ocqual to 30 percent of
the wing chord, These flaps made it possiblc to increcase
the ©Cy max about 30 percent. A double flap could have
raised the increasc to 37 porcent, but the devico, after
being tested in the wind tunnel, was not rotained, due to
complication of the construction for a rolative beonefit
which was considercd inadoquate. The control of the flaps
was combined with that of the stabilizer. (Scc doscrip-
tion of "Superphaléno", L'Aéronautique, no. 163, p., 380,
Docember 1932.)

Construction

Wing.~ A single-piece box spar with laminated spruce
flanges and birch plywood webs, All the calculations were
made on the basis of the single spar, but the auxiliary
spar to which the allerons are hinged nearly doubles the
strength, Wooden ribs with plain webs every 15 cm (about
5¢9 ine); 2 mm (0,08 in,) birch plywood covering, covered
with glued fabric and well varnished, (Doubtless 3 mnm
(0,12 in.) okoumé plywood would be preferable, It has the
same weight and zreater strength,) The ailcrons, balanced
both statically and dynamically, are mounted on ball bear-
ings. The total wing area of the "Caudron 360" is only
7 m® (75.3 sq.fte)s If the portion concealed in the fuse-
lage, 1,06 m2 (1144 sqefte), is deducted, the useful area
is found to be only 2.97 m2® (32 sqgefte,) for each half-
wing., If the Caudron burean of research were to rebuild
the airplane, we believe it would reduce the wing setting
by a fraction of a degree (Cx varies but little in the
vicinity of OC4 min) and would offset the corresponding
reduction of C, by an incrcase in the wing areca., Take-
off and landing would thus bc facilitated,

Fuselage.~ Straight sides, circular top and ellipti-
cal bottom, The side girders each consistsof a wooden lat-

tice enclosing two plywood webs, Tiie assemblage of these

o

girders at the sternpost suffices to give them the correct
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contour. They are hollow at the Dottom to receive the
wing spar which'is attached to cach of thom by two strong
boltse

The throc "Caudrdn 360" airplancs made for the con-
test wore to be equlppod with Fognlor 210 hp, 6~cylinder
engines- (”Cauiron,éoo") but, for laek of.time; 165 hp,.
Renault Bengalil ongines ’"Caudron 382") woro installed
without modifying ‘Ho airplancs, ‘As a result, the air-
plancs wore a 1ittle too bdbulky and hcavy for their powor,
It would havo been possible to save about 40 kg (88,2 1b.)
and incrcasc the spced by a better adaptation of the air-
planc %o the engino used, ' Thc engino.bed, in particular,
was longer than nocossary for tho four cylipders of tho
Bengali, '

The first "Caudron 362" (figs., 20 and 21) was de-
stroyed in a fatal accident (fluttering of throtilo valves
duc to loosoning of bolt in control system). Thec spriag,
which was designed to keep these vzlves open in case of
failure of the control lever (it being always possidle to
stop the engine by means of the magneto contacts) failed
to function, probably bpecause insecurely attached by a
careless mechanic. The second "Caudron 362" broke its
landing gear in taking off during a test,

Only Delmotte's airplane was ables to participate in
the contest, The avorage spoed for tho 2,000 km. (1,243
mi.), deducting stops (JclmOute refucled every 500 km
(311 mi.), was 317,04 km/h (197 mi, /“r ); actual mean
speed, 291.5 Lm/u (181 14 ni, /ur.;. The aversge speed was
1ower in the second half than in the firgt, the last 800

km (497 mi,) being flown with 225 Tepeiy loss of the en-
gine (magueto and valve spring), i.es, at 125 instead of
165 hp, Normally the pilot would have been able to in-
crease the speed to 340 km/h (211,3 mi,/hr.) during the
last 1,000 km (621.4 ni.). The landing was as fine as
the takenoil, no projection of 011 nor trace of the ex-
hagust tarnished its surface.

The performance of tho "Caudroan 360" was very romark-
able, This airplano, cqguipped witih an engine of some 200
hpes, should casily attain 400 “J/“ about 248,56 mi./ar.).
It would then have a gross weight o u5 kg (1,564.5 1b.),
a weight ompty of 475 kg (1,047.2 1% and a power loading
B 185 keg/hp (7.7 1befbpe)s

< J’ HJ o

The Caudron Company intends to install a wing of 9 m®
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(about 96.88 sqeft.), with a lifting section about 20 per-
cent better than the one used in the contest on one of its
"C,380", Equipped with a Renaunlt ‘Bengali, with a compres-
sion ratio of 10, underfed on the ground,.the airplane
will try to beat the altitude record for monoplanes of

.- less than 450 kg (992 1b,) weight emptye. It should reach
410,500 .m (abount. 34,450 ft.).

Intercity records of 300 km/h (186 mi,/hr.) will be

55 H; Ok p O

attenpted with the second.airplane equipped with a Ratier
rutomatic variable-pitch propeller, which will increase

e thrust 90 percent in taking off, With this propeller
nd trailing-edge flaps, of which Delmotte made no use in
he contest take—~offs, it.should be possible to carry suf-
101e§t fuel for a flight of about 2,500 km (about 1,550
llc‘c :

FIGURE 12, "Caudron 360".,~ Note the single landing- -
gear struts. It would scem impossible to conceive of a
londing gear with less head resistance.

Characteristics

Span s 6.80 m 22¢31. fin
Length 65,87 ! 22,54
Height 1,88 " Gl B2 ¢
Wing area B i s 75,35 sqefte
Velznt empty 405 ke 8988w ilibs
Grdmmwaight 695 " 1,888:8% U

Legends with Detailed Descriptions

FIGURE 13.~ Delmottels "Caudron 360" in line of flight.
FIGURE 14.-~ Delmotte's "Caudron 350" refueling.

FIGURE 15.~ Elements of landing goar for "Caudron 350"
designed by Charlestop Company in collaboration with Cau-
dron Company. The shock—absorbing struts cmd at top in a

cardan atbachment and at The"bottonm in z disk whiech™i's
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boltod to tne fork., 'The squarc slcoves: aro hold-at the
top betwooen fittings integral with the spars Charlestop
Balloon tiros 500 by 150 mm {19, 68 by 5 90 in4) with mag-
nosium falrlngs.

FIGURE 16.,- Attachmont of spar to fuselage in "C,360", =

At left, section parallel to plane of symmetry of airplane;
in center, transverse view. at right, plan view, The spar
penetrates grooves made in bottom of each side of fuselage
At the right of the attachments, it i's first encircled by’
a distribution band of duralumin 1,25 mm (.05 in,) thick
socecurcd by wood screws:3 by 16 mm (,12 by 63 ing). Sinco -
the spar flanges are not parallel,:  walnut blocks are inter-
posad between them and the band., (See central figure,)
On the front and rear surfaces of the spar, and therefore
above the band, thers are secured, by wood screws 4 dy 20
mm (416 by o79 in,) two strong plates F of 3.2 mm (,126
in,) duralumin, These plates are reinforced by riveted
strips 3 and drilled to receive the bolts be. The wing
is joined to the fuselage by the four bolts b, each end-
ing in a socket O, in which the nut can be turned.
Threaded duralumin rods T of 6 mm, join the fittings F
in pairs through strong transverse frames, They absord
the small cccoantric moment which is exerted on the strips
R, Of courso the holes in the sidos of the fusclage are
reinforced by fittings, F' above and f below, thec lat- *
ter boing cross-bracecd after the spar is mounted, On the
plan view it is seen that the thickness of the webs de-
creasees toward the interior of the fuselage. This is
natural, since the fixation is situated in the plane of
the lateral girders. This method of attaching the spar
to the fuselage is entirely newe. It has the followiag
advantagou. olimination of the exXtorior fittings (which

might dispense with all conncction fairing) and diroct
transmission of the stresses, without cccentricity, in the
modian plane of the clcmonts which must absord thom,

FIGURE 17.~ Controls of the "Caudron 360", P

Flap control.~ This control is represented by fine
lines, -chiefly in the upper vart of the drawing. The
wheel V turns the screw v which rotates the shaft A,
The rods T . (only one Deing visible on the longitudi-
nal view) actuate the rods cnding at R, the flaps being
coRtrolled directly from R -at the ocnd of theim axris of
articulation. The axis of the wing.passcs through the
center of R, the section being symmetrically beconvex,.
The axis of the flap is on the line of zoro 1lift. The
actuation of A Dy v occurs voery near the right-hand |
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end of this.shaft., The portion of A involved in the con-
trol of the right-hand flap is therefors very small and
there is therefore no torsional effect., On 'the contrary,
the remaining portion, which covers nractically the whole
width of the fuselage, acQuireﬂ'considerable torsion, re-
sulting in a slight retardation in the deflection of the
left-hand flap, with respect to theé right-hand flap.® It
is found that this difference automatically offsets the
engine moment, thus making it possible to mount the fin
exactly in tho plane of symmetry of the airplane., As in
the "Superphaléne", the stabilizer is adgusted to the de-
flection -of the flaps, thus increasing the stability. The
sleeve m makes it possible to throw out of gear the rods
connecting the stabilizer to the wheel V. The control ¢
makes it possible, by milled nuts, to give the stabilizer
the desired initial adjustment.

ator ont ol.-~ This is perreculy rigid and is in-

dicated on the diagranm by dot hatching,

Aileron control.- Rigid in fuselage; transmission by

piano wires in wing, The small diagram, corresponding to

a transverse view, shows exactly to point of attachment
of a piano wire. (See also internal aileron control inm
figure 18,) 1iiotion of sleeve, *25 percent,

Rudder control.-~ Rudder bar P actuates, by 2.5 mm
(,098 in,) double piano wires.passing under the fuselage,
a vertical shaft Ag mounted on the rear side of a fuse~-
lage frame, This shaft transmits the rotation to a pair
of 2.5 mm piano wires, doubled, situated in the upper
part of the fuselage

FIGURE 18.- Structural details of the "Caudron 360",

In the center.~ Landing-gear strut or leg and trans-—
mission of controls (at bottom).

Lefg:ggnd,_Eggvtgwgggggg.; Middle part of fuselage,
inside aileron control, and details of attachment of land-
ing-gear strut to spar.

Right-hand, top to bottom.- Wing structure (one flange
of spar cut to show laminae) and rear end of fuselage (in-
verted), The skid is recalled by a sandow and its travel

is limited by two straps,
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"WIaURE 49 Mountlﬂr o i 1a161n9~gear legs on. spar in ¥
”Cdudron 300" i a7, ;

Spar structiré in v1ﬂ7n1tv of lagglpr gear.~ 1, 1 mm
"(.039 in.) vencer glued to spruce 2; 2, Spruce board,lO
mm (¢394 ‘im,) ‘thicks; 3, birch plywood 3 mm- (o118 in.) -
ta1cL-“‘, duralumln strip screwed to webd (the veneer -1
prcvents snruco 2 from s8»litting under the action of tho
scrows); 5, supporfing surfaco (¢hown in SOCthu) of rear
fitting'F," Tho two fittings .F arc. joined by four 12 mm
eas ~n.) bolts ' B; p%osxng through spruce cross blacks
O by 50 mm (1497 by 1,97 in,);, capable of withstanding

-
coﬁp*ouulvc forceo of 10,000 kb (22,046 1b,).
ngntll of 1og.~ The Charlcstop shock absorber ocn-
gagzes in a yLactically square pipce, tho two symmetrical
sides of which are assemblod along the two ribse N, This
picce, which serves to6 guide: thv 1leg, is .indicated in the
-

figurc by dot hatching. It is cncascd botween tho, two

wings f, in the fitting in front of F, and is seccured

by Tive bolts, - Thoe four bolts : a ..and the bolt A ab-

sorb the mement, while two washers are adjusted in the. or-

ifices O of 35 mm (1,38 in¢) Giameter, - To the bolt A

is attached the cardan joint (shown in the two detail
sketches), which holds the end of the shock abscrber, . It

1s only necessary to raise A to cause the latter to -

drop. . The hole below A makes it possible to remove the

‘"brake valve, As can be verified by 'a few measurements,

with the use of the scale, this mounting is very -strong

end clegant, The guiding case of the leg, for example,

has a frontal width of only 48 mm (1,89 in,)

FIGURE 20,~ Side viow of the "Caudron 362",
PIGURE 21.- Sront view of the "Caudron 362",
ﬁ“'TARJA£~Rm VAUL T o

(figs.. 22 and 23)

The Farman Company had dOoaned two wooden airplanes:
onc, with a thin braccd.wing, equipped with a 400 hp, in-
vdrted Farman engine; the other, with a cantilever wing, «
equipped with a 165 hp. Renmault Bengali engine.

The single—wheel landing gear, which was the essen-
tial novelty of the Farman airplanes, had not proved dis-
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‘appointing, at least in its principle; the take-offs and

‘landings not being so difficult as was feared., 'The air-

splanes quickly dcquired lateral stability on their single
wing, ‘Weverthéless, the finishing of the Farman-Renault

landlng gear suffered for lack of timre.

The wing section was derived from that of th "Farman
230," Two tapered wings: attached to the fuselage: on
top, by embedded bolts (as in the "Farman 230"); on the
bottom, by multiple fittings,. -.Covering of 3 mm (0,12 in,)
plywood. ZFactor of safety, s 5; each wing weighing, how-
ever, oaly 24 kg (53 1b.) for 3 m® (32,3 Sq.ft.) of areas,
Enclosed cockpit with sliding panels, Propeller of 1,9 m
(6423 £1,) diamoter, '

Arnoux on tho "Farman-Reonault,' May 22, 1933, raiscd
tho speced reccord Ior 100 km (62,14 miles) to 303,387 km/h
(188.52 mi, /ar,), but this record was becaten the same day
by Delmotte ori the "Caudron 300" with a speed of 333,765
km/h (207 39 mi,./hr,).

In taking off for the Deutsch contest with fuel for
only 500 km (310,7 miles), the landing gear gave way and
the propeller was damaged,.

THE "PARMNAN-FARMAN"
(figs., 24 and 25)

Wing of 7 percent relative thickness and dihedral of
2 de grees 30 minutes; no longitudinal dihedral; covering
of OLOH“G plywood, 3 mm (0,12 in,) thick, -Held by brace
wires, tAe lower wires being attached to the base of the
wheel box, Constant profile set at O ; ailerons of 25 cm
(984 in,) chord throughout span,

In the contest Salel seemed to take off more easily
than the other contestants. He had taken on board, how-
ever, 350 kg (771.6 1b.) of fuel and oil and 31 liters
(8.2 gallons) of water. The pilot seemed to be master of
the controls, and the airplane turned quick ly. The first
laps were flown at a mean speed of 300 Lm/a 186.4 mi./hr ™
Unforttnately, a leak in the oil radiator resulted in the
melting of the f{ront. bearing of the propeller. The ecmer-

gency rafiiator, installed in place of the normal radiator,
whlcn was damaged two days before tae contest, was inade-—
quate, whence the failure.




16 NeAeC.A, Technical Memorandum No., 724
¥ 4
Due to this regrettadble incident, the airplane could
not do:its best.,  The Farman 12 brs engine of 90 mm (3% ba
ing). bore and.1Q0 mm (3,94 .in, ) stroke, had a compression
BEEN0eL 742, 8- supercharblng sratio of 1.45 (supercharyer
not dlsconnectlole) and developed 430 hp. at 4,000 TePom .
(reduction %, propeller diameter 24 m (7,87 ft Yo . DRLE vt
was run only at 3,700 r.pems, developing 270 hp, The empty
-weight ofi 257 kg (566.6 1b,) was of interest for the power
obtained, . -
 EIGURE 28, "Farman-Renault" 165 hp, sirplane,
s -
Charaéterist;cs
i Spaﬁ Halds m 19%62 - £%%
Length Eis 5@, ¢ 18,04 i
*
Height 1035 L 4045 "
' Wing area 6426 m? 67438 sqefts
Weight empty 350 kg 771,62 1lb,
Fuel 170 # "B374,79 n
0il 20" 44,09 "
Pilot %o U 165,34 "
Gross welght gies 1,355,84 "

AA, 1line of attachment of box tip,
FIGURE 24.,~ "Farman-Farman" 400 hp. airplane.’

Characteristics

Span 8,10 m Pbe i . veidi
Length 6,91 ! 22,67 .
Height 1,53 ! BT
‘Wing area 9,31 m? 100,21 Sq.ft.,
Weight empty 650 kg 433,00 1De .
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Fuel and oil SB0 gless & 24 Tlilea6fP iR
Water radiators ; ->
and water 53 il 116.84‘."
Air radiator 8 ﬁ : i?.s4 i
Gross welght i,lSO " 2588450 %48

A, air radiator; H, o0il radiator-tank; E, water radiators.
The three maln tanks, of 83, 203, and 115 liters (28, 8¢
and 30 gallons) emptied into the 33-1liter (8,7-gallon)
-tank behind the wheel box, r from wiaich the fuel was pumped,

o
)]

FIGURE 23,~ Farman airplasne with 165 hp. Renault engine.

FIGURE 25,- Farman airplane with 400 hp, Farman engine.

H

FIGURES 23 and 25,~ Each Farman airplaie had a single-
wheel .Messier landing gear (with dbrake in the Farman~-Farman
and without bdrake in the Farman~Renault) and retractable
skids under the wing tipse The wheel of the "Farman-Renault"
Wwas also retractable, (See fig. 27.)

- Wing sections of "Farman Renault! and "Far-

FIGURE 26,
airplanes,

fman-Farman"

FIGURE 27.- "Farman-Farman" 400 hp. airplane, The fu-
selage, of 650 by 750 mn (25.59 by 29.53 in.,) maximum sec-
-tion, excluding wheel fairing, had, in the middle, two
strong boxes C and C' over the wing spars, ' The fin is
integral with the headrest and fuselage. Safety factor,
10, ZEngine bearer B consists essontially of two duralu-
min girders integral with fuselago. The water radiators
wore.-originally situated on the sides of the fuselage, ‘on
both sides of the pilot's seat, but, for the contest,
Lamblin radiators were substituted at B, "Aivaz" air ra-

p ; : ; g E : :
diator at A on the engine cowling; Aivaz oil radiator.at
H forming the rounding in front of the box under the fu-
selages F, frame carrying the wheel; P, pulley; e, air
inlet.

L 2

FIGURE 28.,~ Wing of "Farman-Farman" 400 hp. airplane.
At the right, section and plan of wing assembdly; below,

sections of tho two spars. The dox spars eac consisted -
of two strong flanges and two 3 mm (0.12 in.) plywood webs,
At the attachment to the fuselage t-e front spar is suit-
ably reinforced by wooden blocks which increase the width




18 - NiAJsCJA: Technical Memorandum Noe 724 -:

of the upper flange. There are regularly spaced ribs and
s0lid cross beams botween the flanges at the attadiment
of the brece wires, ' :

FIGURE 29.,~ Fuel systom of "Farman~Rernault" 185 hp.
rplane., Thc throo tanks empity into a 3-liter tank, from
ich it is drawn by two pumps - P ; ‘ ,

al
wi

FIGURE 30,.,~ Landing gear:of "Farman-Renault" 165 hp,
,airplanes C, fairing of fork F, hinged at O to the front
spar; i, jaws blocking tae stop a; S, sandow (elastic
cable); c, dondble ratchet functioningin both directions;
o, attachment of 1lifting chain to top of F; p and p', pul-
leys. : i * vl & '

Operation.~ The landing gear -being down, the pilot
turns a cogwheel, over which passes a chain, by means of

a double ratchet &, The chaln, in passing around the pul-
leys p and p! pulls on the'point o and makes it de-
scend, thus raising the wheel between the two sparse. In
the lowered position, the fork is held elastically by the
sandow S, the traction of which is supported, by means

of the stop a, by the jaws M. Of.course the pilot-must
liberate a Dby opering M Dbefore he can raise tho land-
ing zear. The lack of eclasticity of the ferk in the ver-
tiecal direction, is probably responsible for tho four de-
sconts of the whocl notod during tho tosts and contest.

On encountering an obstaclo greater than the capacity of
the tiro to absorb, tho additional shock absorption can bo
furnished only by thc rocarward yiolding of the whecl, S i .
for any rcason, this yiclding wore limitod, it is obvious
that the fork, or its connoctions, would havo to yiocld.

It is very romarkable, morcover, that, for-cach landing
"on the belly," anly tho structures woroc damaged (pronel-
-ler bent, cowling donted, oxhaust pipe flattoncd) In- the
"Parman-Ronault," the trailing edge of the wing is énly

45 em (17,7 ins) from the ground, which makes oapsizing
practically impossible. .

FIGURES 31 t0 33.-~ Structural details of "Farman-Far-
man" 400 hp.

; FIGURE 31.- Tail surfacos and reoar ond of i fudelage. -

Upper left-hand drawing shows attachment of brace wires to
wing.,. Drawing below latter shows abttachment of same wires
to fuselage. (These two wires were afterwards replaced by
a single wire.)
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FIGURE 32.~ Elevator hinge without projections,

. & N

FIGURE 33, left to right.- Elastic mount of landing
wheel in its box ahd engine mount. Arrow points at detail
of engine bearer

THE "KELLNER-BECEEREAU 28 V.D." WITH 350 HP, DELAGE ENGINE
(figs. 34 and 35)

This airplanc was not able to participate in the con-
test, On liay 14, Captain Vernhol, suddenly envelopoed and
blinded in flight by a cloud of vapor, was forced to land
procipitately, shattering tho airplanc, :

The 28 VD, had becn finished only a fortnight before
the contests Since the propeller, an adjustable-pitch
Ratier, braked the engine too much, its pitch was reduced
gomo five divisions the day of tho accident. The pilot
having thrown the throttle wide opon, the spcod mounted to
4,400 repeMme, instoad of 4,000, ‘Tho oxcess power developed
may have causod the rupturo of somoc connoction or the ob-
gstruction of a pipes

Tho: airplane had beon the objoct of thorough investi-
gation in the wind tunnel, and its unusual plan form was
doubtless suitable for speed, It could receive, without
modification, & 650 hp. engiﬂe for which it was really de-
signed.

FIGURE 34,.,-"Kellner-Bécherean 28 V.D.!

Chgracteristics

Span 668 m 2Ls82s Hfitw
Length 7416 " o8 A0, L8
Height bk, " 8466 i
Ting area 10,60 m?2 114,10 . 8q.Fts
i

Airplane without

engine 304 kg 670,20 1bs
Engine, empty 391 862400 i
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Engine =accessories 560 ke V. BB 0D,
Tanks, empty Mo T e S B 103, 02 "
Fuel' : 400' " 8814586 Y
01 e oo BB U GglR A
Piiof.ané tools . : '88.:" ’194;00 L

Total weight in

o

flight 3 WEpea Syb2Rgde 1

i Bor the contest, the airplane would have had a wing
loading of 150 kg/m? (30472 1b, /sq.ft Y and its speed
should have been of the order of 400 km/n (248,6 mi,/nr.).
“The fnselaﬂe had a center section of 0.58 m? (6424 8qeftae)e
The track had a width of 1,48 m (4,85 ft.,), The area of
each aileron was 0,55 m? (7 b BgRftedy : :

FIGURE 35.- View ot the‘mellner—ﬁechereau 28 v. Die
RIGURE “36,~ Polars of "Kellaer-Bechereau 28 V Dot

FIGURE 37.- Avrwngewent of tanks and landing gear in
"wing of "Xellner-Béchereau 28 V.D." At top, plan view of
wing and wing section throaah XX; at bottom, vertical sec~
tion through YY, Plan view shows the three tanks, Hatch-
“ing shows oortlon of bpottom of one'of them which forms the
wing covering., Landing gear is partially included in this
tenk. Rear spar is bent, but a prolongation connects its
oblique portion'to the fusclage. B, 12 mm' (0,47 in,) de-
pression in bottom of tanks; R, holicoidal groove in which
noves the upper end r of the leg J; Re, tank in fuse-
lage; .S, siphon with regulating plug T and T', tubes
20 by 22 mm (0,787 by 0.886'in,) conductlng fuel-to Rfs
U, landing-gear box; V, dump valve; D, compressed-air
intake for forward dump valtve; r, pivot; t, air vents;
v, screw for attaching wing radiators (oee detatils In
order to comprehend the complexity of the wing structure,
it is necessary to imagine the superposing of the water
system'in thd above plan, while bvearing in mind that the
rclative thickness of the wing does not exceed 12 percent.
This airplane is the first, we believe, to have tanks and
radiators both in the wing.

FIGURE 38.-~ Water circulation in fuselage of the "Kell-
ner-Bechercau 28 V.D." The throec drawings are all on the
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same scale as in figure 39 and bear the 'same references:
T, equilibrium tube connecting the two inlets E from
water pump; T!', equilibrium tube from water tank; ¢,
thermometers, T and T! and tube connecting A; and A

to the tank all have cross sections of 36 by 38 mm (l.42 by
1280 1ng)s

FIGURE 39,~ Water circulation in wing of X,-~-B, 28 V,D.

Arrangzement of rasdiators.-~ The radiators cover the
whole top of the wing to the rear spar, and the bottom of
the wing over a width of 1,1 m (3.61 ft.). The remainder
of the lower surface could be easily utilized, due to the
landing gear and dump valve, 'The figure snows the tubes
of only one of the radiators on top of wing, but all three
are shown on the bottom. of the winge The two front radi-
ators encircle the leading edge and cover the top of the
winge. (See section XX,

in wing.~ Water from tank enters A
by two tubes: rear spar; -4z, in leading edges
These tubes empty into the radiator-inlet tubes: Cg, for
the radiators on top of wing, and Cjp', for those on the
bottoms The cocled water flows into.the return tubes (Cp,
for the top radiators and Cp' for the bottom ones) and
through a single tube R, along the front spar, to the
pump, The arrows indicate the general direction of flow,
Of course the water. follows the interior channels and it
is only intended, by means of the arrows, to indicate the
communications between the corresponding Cg and Cp.

Diameters of tubes.~ (In order to find references,
follow the tubes.) :

1 A; and A3, From 1 to 2 and 2', tubos 33 by 35 mm
(143 by 1,88 ing); from 2 to 3 and from 2! to 3%, tubes
28 by 30 mm (i1 by 1,18 in,); boyond 3 and 3!, tubes 24 by
26 mm (0,945 by 1.024 in;). All tubes are.aluminums, . The
connections between radiator and collector are tubes of 24
by 26 mm,

FIGURE 40,~ 0il radiator. Above, from left to right,
lateral rear view, and front views of o0il radiator tank in
K.~B."28 V.D., A, 0il intake; 'C; ‘attachment collsar og
nose of engine; C;, lower collectors;” Cg, upper collec-
tor; R, return to pumps;  V; drain (and fi1ling) ‘valve;
b, band of 0,6 mm cgpver riveted and soldered to radiator
for attaching to covering; s, alr vent,
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FIGURE 41,- Engine bed of K,-Bs. 28 V.Ds. Above, front
view, On:the right, elevation and plan views,  The engine
bed:consists mainly of two -sheet~metal structures, riv-
eted to the fuselagze. The attaching plates are supported

-

by the longerons I and the angles E. The front of the

: »
bed is stiffened by a box € and a plate T, At the rear
the attaching plates are united, at the axis, by a rein-
«-foréemont: r, while the longorons are bent and secured to
the fusoclago by the gusscts G, :
' "FIGURE 42.,~ Spar structuroc. Contral wedb of 2 mm
™

(0,079 in.) traversos fuselage and is firmly attached to
it by strong anglos &, Tho end wobs (1,6 mmn (0,063 1)
dural) are attached to contral wob by two gussets G of
duralumin of 1 mm thicknosss Nos. 1 to 5 are stiffoning
angles of 16 by 16 by le25 mm (0,63 by 0463 by 0,049 in,).
L and L' ' rib connections, in angles 20 by . 20 by 2 mm (0,787
by 0,787 by 0,079 in.): ¢, angles of CN12 stecl, 2 mm e
(0,079 in.) thick; ¢!, duralumin angles 25 by 16 by 2 mm

“ (0984 by 0463 by 0,079 in,).

. FIGURE 43,~ Mounting of .stabilizer, adjustable during
flight, on the K.-3, 28 V.D. :

Principle.-~ The method of mounting the stabilizer on :
the K.-B, 28.V.,D, is applicable to a tail surface situated
+in the median 1line of the fuselage, When the stabdilizer
is in a singlo pioce, it is necessary, in order to Permit
its deflection, to make a channel in the fuselage, thus
weakening the latter, Ur, Béchereau preferred to divide

the stabilizer into two symmetrical halves, »

Descriptione.- The transverse girder P "is mounted
solidly on e fuselage C, Dby means of angles c. The
ends of P form beariangs p and p', for a tudbe T, at
both ends of which, at- K and XK', are mounted the' two
halves of the stabilizer, At the rear, these two parts
rest. on a girder P' traversing the fuselage through a *
very small channel, P! carries, in the middle), a support
S, which can be moved up or down by the screw V oper-
ated from the cockpit., In short, the stabilizer is held
at three points, p, Dp', and S.

FIGURE 44,% Structural details of K.-B, 28 V.D,
.«Beliow, -two drawings of stabilizocr mounting, and betwcon
thom a ‘detail of the throading .of the ribs on tho trans-
verse -aluminum box, at the two ‘ends of which the stabil- ;
izer can pivot. At the right, a portion of the landing




v em o NelsO.h.. Toct nlcal ligmorandum o, 724 . 86

gbar,f At: the top of the leg, note the ball (engaged in -
the'tube'withlhelicoidal groove) as also the arresting’
device, - At the bottom of the puge, another view of a por-
tion: of the landing gear. :

FIGURE 45,~ View of left engine bearer ‘and forward
portion of airplane, All the right-hand portion is re-
moved to show dnside of fuselage.

FIGURE 46,~ Béchereau q“lCA“dumblng device, This de-
vice, located on the lower side of the wing was specially
designed for swift airplanes, It is perfectly flush with
the surface of the wing.

On the bottom of the tank is mounted & base l; assem-—
blage rendered tight by a patented joint 2. The dumping
orifice O is normally closed by a digk 6 of 0,5 mm (008
in.) copper with crimped edge, To the ecircumferonce of
this disk is soldered a lead shoulder 5 of 0,5 mm (0;02
ine,) extending about 18 mm (0,709 in.) beyond the crimped
edge. The projecting part of the lcad is applied to the
lowor part of basec 1 and is held by an annular cover &
with the interposition of the patented joint 4, Inside
of 1 is a piston 7 of stamped 0.8 mm (0,031 in,) steel, ca-
pable of sliding in the piece which receives it. Above
this piston is a sort of dome or valve 8 of 1,5 mm (0,059
in.) L2R alloy. The piston and valve are normally sepa-
rated from each other by a weak spring 10, leaving a cham-
ber 9 between then,

Pressure is created in the chamber 9 (small flask of
carbonic acid gas, which is led through a tube T %o the
connection »r in the base 1. The valve 8 is pressed
against its seat and the piston 7 is pushed downward, cut-
ting the lead joint 5 along the circle F¥, The parts 6
and 7 then fall, followed by the valve

¢ The latter ecas=
not possibly jam, because its diamcter is less than that
of the piston,

He O Bl o @

The whole mechanism weighs only 04568 kg (145 1b,)
an orifice of 10 cm (3,94 in,) diamoter., It has always
worked perfectly 1n numerous tests. A prossure of only 4
kzg/cm?® (56.89 1b./sq.ine.) exerts a total force of about
376 kg (829 1b,) on the joint, the dimmcter of the hole
being 11 cm (4.33 ing) s

FIGURE 47.~ Rotractable landing goar of the K.~B 28
V.De The lcgend is given for onc whool onlye B and B!,
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cylinders of compressed air; . 0,, cable acting on lever .
D; . 62, cable winding on drum T3 .83, - cable releasing
catch &3 D, lever for securing in relsed position; Ky

atch for holding -in rolling position; L .and L!, con-
trol loverss; P, pumpy R, helicoidal groove for the ball
?& S, elastic cable; T, lowecring drum,’ V, valwve for
sl 11 Tings B, valve for releasing ailr £rom  P; nm,
manonmeter;, r and r'¥, oxtromo positions of ball; s,
safoty wvalvec, .

To 1ift.,- Pull on Oz by means of L', This - releasos

catoh "'EX  and opons P ¢to tho air. Tho o agstic cableo B

then wetracts log to elevated position, hen cloar up,
he-lower cnd of leg is locked at D, :

To lower.- Pull on - L, , This liberatos D . and then
establishes communication botweon 3B and:P. The piston in
P . is actuated and causes the rotation of the drum T
which pulls on C; thus lowering the whoel and putting

74

S wunder- -tension. - Whon clear down, thd safety catch K
holds it, B! is a rosorve.cylinder:of: compressed air,

'y > .
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ENGINES USED IN “THE 1933 DEUTSCH DE LA MEURTHE CONTEST*

By L« Hirschaneor

The Potez 9B Zingine

This engine (fig..48) was specially designed to sat-
isfy the conditions for use on Potez airplanes in the
Deutsch de la ileurthe speed contest, Its characteristics
were established on the basis of the prescribed piston-—
displacement 1limit of 8 liters (488 cu.in.), taking into
account the necessity of combining sufficient endurance
with mininum frontal area and maximum power, in order to
satisfy, without abnormal fatigue, the conditions of the
contest, both in the qualifying tests and in the two
1,000 km (621,.,4 miles) flights.

It was decided to design an air-cooled radial engine,
as boeing of homogecneous simplicity and of size compatible
with the dimecnsicns of the airplane, in order to obtain,
with a suitable cowling, .a very great fineness which,
mnoreover, was verified and improved by wind-tunnel tests
on a large—scasle model of the engine and fuselage., This
design made it possible to profit by the experience with
certain details of the Potez 9A, of 9,75 liters (594,98
cu.in.), from which the 93 was derived by reducing the
piston displacement and by supercharging, Suypercharging
was adopted in order to obtain a high power for the stip-
ulated piston displacement, because this made it possible
to obtain the requisite mean pressure without recourse to
compression ratios that would produce excessive pressures
and explosion temperatures, The direct propeller drive
was adopted after thorough investigation, because it yield-
ed a high propeller officiency and because it had the ad-
vantage of simplicity and of reduced weight., The follow-
ing are the characteristics of this air-cooled radial 9-
cylinder engine with centrifugal supercharger,

Characteristics

Total piston disvlace-

ment 8 liters 488 cu.in.j_j
Bore 98 mm 3486 in,
Stroke 6 Wy, o B - P ¢.§L‘.gl:_:x
Compression ratio y 6
Maximum power 910 hp,s &t 34,500 r.dams

*1'Aérophile, June 1933, pre 177-180,
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Weight, empty 170 ddeg 374,79 Lbg
Maximum diameter 950 mm 7 s40 2o,
Supercharging ratio 1 .45 »
Multiplication ratio:.
of supercharger 1l
The Renauvlt Bengali Engine -
A11 the parts of this engine (fig. 49) 2re the same
as in the stock Bengall engine, with the exception of the
pistons, which were changed so as to increase the com-
pression ratio from 5,6 to 8, The cylinder heads are
& 4

made of aluminum alloy, independent of the enameled steel
cylinders, and are secured-by.four rods screwed into the
rankcases ZEach cylinder has one intake and one exhaust

valvee The valve rockers are bathed by the oil contained .
in tho cascs which are held Dy milled bolts and can be

easily romoved. b

The crankshaft is supported by fivo plain bearings. v
A thrust ball bearing pcormits tho mse of eoither a trac-
tor or a pusher propeller., The propecller is carricd by a°
romovable slcove, It turns anti-clockwisc as viewed from
tho pilot's post. '

A gear on the crankshaft drives the camshaft and the
0il pumps. A transmission shaft, at the end of the crank-
shaft, operates the magnetos, the fuel pumps, and the
tachometer. The connecting rods are made of forged dural-
umini pigtons, of aluminum alloy, with two rings and one
0il scraper. The piston pin is free in its bearings and
in the small end of connecting rod. It is held laterally
vy steel cheeks, Upper part of crankcase is of magnesium
and serves only as a tight cover, . Lower part of crank-
case is made of special aluminum alloy. The rear end car-
ries the magnetos, the oil pumps, and the fuel pumps. The
thrust bearing of the crankshaft is in the front end of
the crankcase, =

Ignition, by two Scintilla magnetos with automatic ig-
nition advance, One magneto is provided with a release
mechanism to facilitate startinge Lisht Renault spark :
plugs of 12 mm diameter are used,
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A geared pump conveys the lubricating oil to a tank
outside the engine and delivers it under pressure to the
crankshaft bearings and to the rear camshaft bearing. The
big ends of the connecting rods are lubricated under pres-
sure; the small ends of the connecting rods, the pistons
and cylinders, by splashing, The oil, passing through the
inside of the camshaft, lubricates the bearings and then,
escaping through holes in the cams, lubricates them and
their tappets.

Rotary AM fuel pumps; Viet starter actuated by the
forward end of the camshaft. The vdlves are in one of
the tubes serving to secure the support of the valve rock-
CTSe ;

.

Charactoristics

Bore 120 mm da72 Lng
Stroke 140 o 540 Tl
Total piston displace~-
ment 6433 liters 386,28
clll e
Power 170 .1pa
spCOd. 2,500 I'.p.m.

Gross weight, with _
puUmp s 135 kg 297,621 b

This engine has no supercharger, Its high compres-
sion ratio necessitates the use of a special fuel (fig,
50) «

The Regnier Engine

This air—-cooled 6~cylinder inverted engine was de-
signed on the basis of experience acquired with many en-
i . e y o\ 3 . = 42 :
gines in use (figs, 51 and H2)e It was made entireky in
France, with the exception of the magnetos, which weoere made
to order in Coventry, England, znd of the carburetors,
which are of the Claudel license acquircd by Hobson,.

This engine passed its torguc-stand tests, including
an endurance test of fifty hours, three hours of which
were at full power (2,450 re.peme)s Dismantling; after the
above tests, revealed no fatigue,
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CharacH

Bore 114 mn 4,49:in,
Stroke 130 . 5,12 O

. Pigston displacement 7695 1itefé 486 cusin,
Compression ratio 6{2 ‘
Power at 2,150 r.p.m, 190 hpe.
Power at 2,450 r.p.0e 220 hp. N
Gross weight, about 206 kg 454,15 1b,
.Power loading " 0,95 kg/hp 2:09 LY./ Bo,

Specific Fuel Consumption

At full power 60 liters/n 15,85 gal,/hr.
At 2;150 oDyl | ‘ 45 J! 1139 4
Specific o0il consumption 0475 A 0,198 4
Ignition: twon3£ifish Thomson-Houston magnetos,

Lubrication: two Martin No, O rotary pumps.
Two Claudel-Hobson AL48A carburetors,

Tractor propeller, without reduction gear.
The Farman 123.R.S. Engine

This engine, . . with 12 1rverteA c"11ﬁders arranged in
two banks at an angle of HO and with reduction gear and

.supercharger, is cooled by ‘water with svpplemeﬂtary air

cooling by fins (f 1&. 53)

The cylinder jackets are steele They are fitted to
f the crankcase and.have cooling fins, The

tha battom 9
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tops of the jackets of the six c¢ylindors of cach bank are
fitted into a wator=cooled blocik of light alloy.

The crankshaft is mado of high-tonsilec steel and has
sevon bearings. The: ;ront end carriocs tho recduction goar;
the rear ond, tho goaring for tho supercharger and acces-
sorics. . .

The pistons are made of special alloy with piston
rings and oil scraper. The piston pins turn frooly in
pistonses The conneccting-rod assembly consists of "a mas-
tor connecting rod, turning on a plain Dbearing, and an
articulated connecting rod.

" Thore arc two camshafts at the top of the cylinder
banks, Each cylinder has onc intako and one cxhaust
valve, each valve being rocalled by two concentric springs.

The autonomous reduction goar is fitteod to the front
end of the crankcasa with an aluninum housing in which are
mounted: 1, a statlohary gear; 2, pPropeller shaft on ball
bearing in froant end of housing and cn interior crankshaft
bearing. Thke propeller shaft has three arms on which turn
intermediate gears on plain bearings; 3, gear driven by
crankshaft,

Viet starter or Farman cartridge starter, with or
without automatic releasc, the body of the starter being
fitted to the cyirinder block, in which a special cartridsge
explodess Tinis buly is connected dy a tube to a valve
chamber fitted to the shoulder provided for this purposse
on the cylinder, The supercharger counsists of a wheel
that comrprasses the air and forces it into a volute from
which it passes into the air radiator, The control ceg=

{

U

2
2

fod “

sists of a frictional device which can slip in caseé of too
sudden accoleration and which constantly exerts a force
equal to the force required for the air compression,
¥

he cooling is eff'cted' 1, at the top of the cylin-
ders, by the circulation of water from a centrifugal pump
with two outlets behind the engine; 2, at the bottom of
the cylinders, by air-cooled fins,

Lubrication is effected by four geared pumps which
insure the flow of fresh oil from the tank to the engine
and the return of the excess oil, ' '
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Curves of Power and of Fuel Counsumption
25k (fig. 54)

power curve at sea level, engine 12 BRS, 9,5 liters
o KBT9 172 :cuein,) . ;

B, . :power curve at sea level, engine 12 BRS, 8 liters
(488419 cuein,).

C, Deutsch-trophy types
Dy . :fuel~-consumption -curve,

ors, The air supplied by the supercharzer is cooled in

an rair radiator before reaching the carburetors. Igni-
m-

and revolution counters are located at the rear of the
engine,

Characteristics

Total length, with super-
charger and reduction

Piston displacement per
minute 15,800 m® E67.27. 80

Compression ratio £ 7e5
Sea~level power equivalent

of "supercharged engine : IR B i i
at 4,000 ripemy:: ~ 420 hype..

gear 16280 m 4o B
Maximum over-all width Qs 8 g6 Laga. "
yMaximum over—all height j 00720 M 2edks M
Bore 90%5 mm Seht - I,
Stroke - 100 to 10650 4,13
Total piston displacement 76892 liters 481586 cue.in

T

The carburetion is effected by four Zenith carburet-

Tion 18 by two magnetos behind -the engine, The variation
..in 'spark advance is eifected by the rotation of the .arma-
ture. The connections for the control of the fuel pumps

4
UV oe
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- Specific fuel consumption 230 g/hp/k - .507 1b,/hp./nr,

Specific oil consumption 9 " ,02 "
Reduction-gear ratio 2425

Pressure produced by Farman
centrifugal supercharger 120 wnm 44,1 in,
(at sea level)
"Total weight of engine and
accessories 230 kg 50% o 06 Sl

The Delage 12 C.E«D.1.,R.S, Engine

This engine, rated at 370 hp., has already developed
420 hp, in the tests and may be expected to attain 450 hp,
(fig. 55). During the flights of the "Kellner-Bechereaun'
airplane, the propeller was poorly adapted, revolving at
3,100 rep.m, on the ground and 4,800 in flight; that is
to say, too fast,

The accident to the airplane was due to the rupture
of a rubber ring between the engine and the radiator.
The steam blinded the pilot, who made a completely blind
landing, . -

This inverted engine has 12 cylinders in two banks
at an angle of 60", The valves are operated by rockers
and rods., The recall of the valves is effected by springs
situated not on the valve but on the end of a reduction
lever, thus reducing the amplitude of the natural oscil-
lations of the springs and increasing their damping effect
(Delage patent).

The nitrided steel cylinders are immersed in water.
The cylinders serve only to guide the pistons and do not
work in traction. The valve seats and spark-plug sockets
are made of a special bronze, The top of the crankcase
serves simply as an air-tight cover. The crankshaft is
perfectly balanced, in order to eliminate the stresses on
the bearings, The two-part connecting rods of carome-
nickel stecel aro mounted on rollers directly on the crank-
shaft, The suporchargor is tho same typo as used on the
Dclage automobiles.

This supercharger consists of a case (A) of 1light al-
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loy,, provided with two lorge openings: one (B) for intake,
(=]

the other (C) for the outlet, Insid . ase are two
rotors (D; and Dp) coatrolled in their rotation by gears
(B, end Ep)., TFigure 556 represents cams with two ‘arms or
cogs, but three or even more counld By d 1cromQ1p

~ i)
C - A D
the number of cogs, the zear punp is approached.

The main case is closed at’ h ends by plates (Fi
and. Fo), which support the cam be rings., - As in a gear
pump, the cams carry the air from the inlet to the outlet
orifice, .the output being proportional per revolution to
four times thse hatched area S, The volumetric output is
pronortio o the length of the body of the supercharg-
er. The end of one .of the cams is provided with grooves
for driving the supercharger., A case hoases the gears
counnecting tae cams, insures tightness for their lubrica-
tion; ‘and serves at the same time as a support for the
supércharger,

The efficiency of this supercharger is almost con-
stant at ?nv sneed, One can easily oblain pressures of
145 kz/cm? (21,34 T)C/SQ in,) abuve the atmospheric pres-
sure, or about 2,5 ke/em2 (35,56 log/uﬂaaﬂ ) absolute
pressure, "ni negative pressures of about 0,85 Ll/cmp
(12309 1b,/sg.in, 0,18 kgfcn2 (2,56 1b, / qein,) abso
lute. The car Daze or can be located gt either the intake
or outlet end of tiie supercharger. :

1 Q

\J
ﬁ

Hy

nT

k_

~

These SADG chargers are no - -heavier than centrifuzal
superchargers in proportion to their output. - They have
simplicity, reliability of operation without wear, abil-
ity, without loss of power, to deliver, at the same- speed,
a ‘con stont volume with intske pressures varying from 1 to
Ceb, 2 very great output Tor a high compression ratio' and,
due to the relatively low speed, necessitate no special
clutch nor change in speed.

Characteristics
Bore ‘ _ 100 mm 3694 ine
Stroke 84 4 I S
Piston disvlacement Z o955 Litersa 485413 cuesin,

Compression ratio Do
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Speed of propeller
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LESSONS LEARNED FROM THE 1933 DEUTSCE DE LA MEURTHE CONTESTH

B Raymond Sazladin

» v

he Deutsch contest of July 1933 proved very instruc-
tive. We will recall briefly the reason for its regzula-
tions, namely, to obtain the maximum speed for 'a distance
of 2,000 km (1,242,27 miles) from an ‘airplane equinped with
an engine hav:n a piston dloplaceme t not excecding 8
liters (458.2 cleine). '

This left great latitude to the designers, Without
wishing to disparage the Service Technique de 1l'Aéronau-
tique, which does all it can (and its task is not always

b S
t
2

easy), it must be recognized that if ict rules
sometimes interfere greatly with the ive of our
airplane designers. The regulations Deutsch con-
test liberated them from their cust initations, and

the results excesded all expobtab_o;s.

O u
r‘\j e
b

eA

d

Farmsen obtained from
piston displacement)

In fact, Potez, Rezault, and
their engines (all below 8 liters

powers of 270 hp., 170 Lp., and 400 bpe, respectively., '
The refined airplane cellules enabled t“e followi g speeds?
Potez, 356 km/h ( 29T o2 nl./gr.) maximum, 322 km/h (200,1
mi, /hr., mean; Caudron, 333 m/M (20649 mi /ﬂr. maxin

317 km/h (197 mi. /Mr ) 1oan, Farman, 33 *m/“ (

hr.) maximum, 300 1u1/ l o4 .ﬂl./‘n'.) mnean . L5

that the Farman, which was oollguo to quit on accoun
some mechanical defect, never gave tle impressi
pilot, Salel, had demanded the maximum of his
maximums are considered here, not as is custonmar
extended to cover 100 km (62,1 miles), or onc laj
Doutsch contest, which gives them added signi

In the prosent state of dovolapmo“t, nothing vottor
can be domanded of thec eagines, Triec 1933 Deutseh coantest
for medium~sized airplanes h no for the

l—‘ Q.:
1]
o
5

3d tho doors
1934 contost, It has accomp t

The airplanes were all = ] They all

wing loadings of more than 100 kg/m® (20,48 1b,/sq
The small, compact, thickset res pu*lvi plani
and permitted only very loug £
landings at speocds of 130 to
et e But, once in the
fac111uatoﬂ by

*La Natiire, Avgust 1933,
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the purest principles of hydrodynamics, The designers
had given special attention to the engine cowlings, fuse-
lages, and landing gears,

The Potez had an ordinary landing zear retractable
into the wing during flight, This feature added about 40
km/h (24,86 mi,/hr.) to the speed of the airplane., The
Farman had a singlo~wheel landing gcar which was "swallowed"
by the fuselage during flight, The landing gear of the
Caudron was not retractable, but was faired so as to of-
fer the least possiblée head resistance despite the nandl—
cap of ZJLJ Tixeds

The fuel consumptions were e?tremel small for the
speeds attained, DEtré, winnmer in his "Potez- iotez: used
less:than 15 liters (3,956 gallons) per 100 km { 6348 miles),
and Delmotte, second on his "Caudron-Renault", only 19
liters (5 gallons) for the same distance. hese figures
are less than for automobilles "de luxe."

The 1933 Deutsch contest made it possible to realize
a superior engine-cellule assemnbly from which can be de-
rived, on the one hand, remarkable pursuit airplanes and,
on the other hand, fast touring airplanes, The practical
use of airplanes derived from racing airplanes, with the
inevitable changes for gquantity production, is now only
a quéstion of months,

Parenthetically, it may be remarked that the airplanes
of the Deutsch contest were very difficult to pilot (like
all fine racing airplanes with heavy wing loading) -and
could not be entrusted to any average pilot., Only first-
class pilots could make them do their best. DEtréd, the
victor, Delmotte, Sdlel, Arnoux, and Lemoine 2ll showed
great skill.,

I now come to the only foreign contestant for the
trophy, the Englishman Comper, of whom no mention has yet
been made, He finished the course at over 228 km/n (141,67
ml./qr ) with an engine of only 135 hp. and on @ sStrigtily
stock airplane, This demonstration was useful, It dem-
onstrated the qualities of the cellunle and engine, as well
as the skill of the pilot, The Englishman took the chance
of regularity, awaiting the weakening of his adversaries
in order to finish alone, trusting in the strongth of his
engine 'and thinking that the efforts required of the con=-
testing engines wonld not allow then to finish the 2,000
km (l,w4u.7 mi.). He fell behind, but kept pegsing away
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and finished in a veritable burst of speed, alone and with-
out -audience, sinc¢e his conquerors had leng since arrived.

The preparation for the Deutsch contest had cost dear-
lye Ludovic Arrachart had been killed, -and Vallot had
sgriously damaged his airplane., In the contest itself, o
theére was only one accident, that .of Arnoux, whose air-
plane mosed oyver in the attempt to take off, dve to the
failure of the single-wheel landing gear, so that he was
eliminated from the race.
ae After the war, when the speed of 300 km/h (186,4 mi,/ -
hre) was exceeded for the first time (by Sadi Lecointe,
October 20, 1920), niston displacements of the order of
25 1liters (1,525.5 cu.in.) were employed for engines on
racing airplanes, yielding about 500 hp., In 1933, a speed
.of 322 km/h (200,1 mi,/hr,) was attained with a piston
displacement of only 8 liters (488.2 cu.in,) and 270 hp.
Moreover, this speced was maintained for 2,000 km (1,242.7
miles), while the first 300 km/h (186.,4 mi,/hr.) was main-
tained for only e few kilometers,

The Deutsch contest therefore illustrates the prog-
ress in speed from 1920 to 193%.  We now know that future
touring airplanes will have a high mean speed, because
racing airplanes are always the progenitors of normal air-
planes and large speed ranges., It is possible to predict
new economnical pursuit airplanes of increased efficiency
as a result of the researches due to the Deutsch contest,

In the matter of speed (for its practical applica- "
tions), it is interesting to note that a greater speed
was made in 1933 than in 1920 and with a piston displace-
ment three and one half times smaller., Tais fact shows
a trend toward economic aviation of high efficiency., This
is more important with respect to the near future than the
increase in the world's speed record, for all classes,
from 300 kmfh (186.,4 mi./hr.) with 350 hp. in 1920, to .
700 km/h (435 mi./hr.) in 1933, but with the enormous ex-
penditure of 2,000 horsepowere '

The gain realized in the Deutsch contest is of much

i
more interest, as it reveals the value of its regulations
and the effect it will have on future progresss Nothing
must be neglected for insuring the future of aviation,
This is why the regulations of the 1933 contest should bve
marked with o white stone in the annals of the aire T
indisponsable researches in purc speed musg,, in practi

t

e
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n tho speed rangeos It is
ing-edge and trailinge-
ermany are of interest,

be accompanicd by an incrcaso i
in this connoction thet the 1lead
edge flsos used in Englsand and G
It is asked why France has not made more use of these
two supplementary methods of sustentation, with the ad-
vantages of waich we are well acquainted, These advantazes
will become all tho more marked as tlhoy arc apwlicd to vory
higsh~speed airplancs, Americans aro using those doviccs
on commgorcial airplancs at spceds of the order of 300 km/
h (186.4 mi./hr.). It is logical that wo should soon soo
thom used in Francece

Translation by Dwight ¥, iincr,
National Advisory Committec
for Acronautics.
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TABLE I. AIRPLANES
’ Weight | Total Weight| Fastest
Span | Length|Height Area |without|weight Weight per lap
fuel per hp. speed
Type Engine
m m m o kg kg m in kg kg km/h
£%. £t. £%.] sg.fe. 1b. Ib. jsq.fte Em 30 Ib. |miafi.
Potez 53 Potez 9B 310 hp.{ 6.65 | 5.40 | 1.80{ 7.20{ 600.0 | 900.0 125.0 2.9 356.0
21.82 {12.72 | 5.91] 77.50 | 1322.8 | 1984.2 25416 6:39 | 221.2
Ceudron 360 | Regnier 210 hp. 6.80 | 6.87 | 1.88] 7.00 | 480* 695.0 99.30 331 | 310
22.31 |[R2.54 | 6.17| 75.35 [ 1058.2 [1532.2 20.33 .80 | 19Z:0
Farman Renault 165 hp. 5.98 | 5.50 | 1.35] 6.26 | 425.0 615.0 98.20 3.73 | 303.4
19.62 118.04 | 4.43| 67.38 | 936.96|1355.8 20.12 8:22 188.5
Farman Farman 400 hp. BeolO'! 8,92 | 1,681  9.31 650.0 {1150.0 1235 2.88 | 300.0
26.57 |22.67 | 4.99(100.2 |[1433.0 {2535.3 25.3 6.35 | 186.4
Kellner- Delage 350 hp. 6.65 | 7.16 | 2.64] 10.6 990* |1600.0 150.9 4,57 | 400%*
becnereaun Rl.82 123.49 8.66(114.1 [218.6 |3527.4 30.91 10.08 | 248.6
28 Y‘1"'Dl
Note.-~ Data compiled from L'Aéronautique, July and August 1922.
The upper figures in each case are in metric units; the lower figures, in English units.
*Estimated.

.V.O.v.l\l
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Number of

Compression

ratio

{ cylinders

air

Type Horse-
POWET
Potesz ;;L 310
Péenaul;.Bengali i;O
Regnier 190-220
Farman 12 B.R.S. 400

water

Note.- Data compiled from 1l'Adrophile, June 1833.
The upper figures in each case are in metric unit
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Wing area: 7.20 m3
(77.50 eq.ft.)
310 hp, Potez 9B engine.

Figure 1.~ General arrangement drawing of the
Potez 53 airplane.

Length 5.40 " (17.72 "

Span B8.85 m 521.82 5.
Height 1.80 " ( 5.91 "

Figure 4.~ lLongitudinal
section of

/— the Potez 53 airplane.
Key for Figure 5.
———————— Induced polar ——With wing-fuselage filet
————— Wing alone —-—-—Without wing-fuselage filet
—--——--Cockpit covered A With inner-wheel fairing
(o) Cockpit open v Without inner-wheel fairing
L — [BFE ; T00C. T T T T T =T 2 [
S --‘E‘-’ﬁ Slone|jm | | | | |g ,fwvlf{_,ﬁ\ :
2° /,-—‘—-\\‘r w | i L/?”‘ /,1;;/, '{, | } 21° | ~—
a | e -——r——wng;Nb.g-égé
7 NG[====W No.9=
60 "5"/);'/5" // \‘\\\ -
w0 1‘/30/ ()77. d
Fam // /’,f
o/ o ] A
0 25” .
oY o o | B | o | s 50 100 Cl, |
@ j00C, AX\E b 0 ” % 6 © 2 2 % WCgnq 2
Figure 5. Figure 6

Figures 5,6.— Results of wind tunnel tests with models of Potez 53.
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L

Figure 7.— Aileron controls of the Potez 53 airplane.

A
|
{
i
1

Figure 11.~ Diagram of retractable landing gear.
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Figure 8,-
Landing
gear of the
Potez 53
airplane.

Figure 9.- A wing-
fuselage
JOint .

Figure 10.- Landing
gear
and radiators,




NeAoCod, Technical Memorandmm No. 724 Figs, 12,13,14,15

] Sm

Span 6,80 m (22,31 ft.) Wing area 7. m®
Length 6,87 " (22,64 * ) (75,35 8qefte)
Height 1.88 " ( 6,17 " )

Figure 12.~ General arrangement drawing of the Caudron 360 airplane,

N

Figure 1l4,= !l;he n 360 being refueled.
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Figure 16.—

s ]
SV LT I AT ZTE  Gpay -fuselage

: = === ttachment,
" Tlaps \U ¢ Stabilizer ¥ /r} v .
101 23 4 ' g lpe
P s E i
S WO | i %, Figure 17.-
Z LTI E b ~“Controls of
Ailerons Elevator — | Caudron 360

Figure 18. 8tructural

the Caudron 360

details of
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Figs. 19,20,21

Relative
position
i of wheel
\ and wing
\

\ G‘fo'm‘ exid
| toais &

T3 ¥hee

285

Ground

Line of flight

Figure 19.- Mounting of landing gear on spar

Figure 20.- d view o te Caudron 362,

Meure 21.- Front
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Span  6.98 m ( 19.62 ft.) VWing area; 6.26 m? (67.38 8q.ft.)
Length 5,50 " ( 18,04 " )
i Height 1,35 " ( 4.43 " ) 165 hp Renault engine.

Figure 22.- General arrangement drawing of the Farman-Renault airplane,

Figure 23,~ View of the Farman-R t airplane,
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» Span 8,10 m ( 26,57 ft.) Wing area; 9.31 m? (100.21 sq.ft.)
Length 6,91 * ( 22,67 " )
Height 1.53 " ( 4,99 " ) Farman 400 hp engine.
Figure 24,- General arrangement drawing of the Farman-Farmen airplans.
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'Figure 37.~ Fuselage of the

Farman-Farman
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Figure 28.,— Wing of the Farman-Farman airplane.
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figure 39.— Fuel system of the Farman-Renault.
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Landing gear of
the Farman-Renault.

Figures 31,33,33.~ Structural details of the Farman-Farman airplane.
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Span 6,656 m (21,83 f3,) Wing area; 10.6 m? (114.1 sq.f%.)
Length 7.16 * (23,49 * )
Helght 2.64 * ( 8,66 " )

Figure 34,~ General arrangement drawing of the Kellner-Bachereau
28 VD, airplm.
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Figs. 38,47
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Figure 38.— Water circulation in fuselage.
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Figure 47.— Retractable
landing
gear of the K.B. 38 V.D,




N.A.C.A. Technicel Memorandum No.724 Fig. 39
| | e
, |___Radiating elements ™. Radiating elements l
N ==t
i ; -C\\\o‘ply.on top wing 5

|

[- on both top and bottom"’i
\\T\ of wing

| )

I

l__ o S |
! hm' s .
3 { i
| I Ay
| g i |
g S
i L
| E qmm”“mnnrﬁf}
ki e i)
' AR
= '!“H“‘H:Ei: li'I Return El%/ |
[ WIAIR, of water Z , '
: e un! m r—— ———— )| Front _/
iy W A== ___t7____Di| spar /
o “—-r—% 4 "//:,’4_" F,
”?;///_ ///
r A
2z
e IX
| 2 = 4 S £
= : - : S S
05 1 1750
Section X-X : i i i
I : .
s e i L S 80—
Channelof CopETAdIBLOT: s v v eian oib o oiiRs S
Locatlon of MBOLHOM . ™ . s o cny sl o isiaeieie e :\ =
Collector of top W (Cg 0T Op)ecevecennnnnnn — T W
¥ R pottom M (Of or OL)..iuw. gt ) il .
Connection between tubes 9f different diameter. e et
(Arabic figures, water intake. Roman, return)..._— _ _, IZ}S,EP[ e
Radiator collector connections................ -—— ]
Direction of water circulation in tube...... O e T
Ciroulation in TadIAtOr — TOD. . v v v sue s iionn P e
- " . -bottom....... I T
Lines of force and contours of airplane........ ol

Figure 39.-Water circulation in wing
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Figure 42.— Span structure.
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Figure 43.— Adjustable
stabilizer.
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Figure 44.— Structural details
of the K.B. 38 V.D.
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Figure 45.— Views of engine bearer.
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emgine o

Figure 53.-The Farman 12 B.R.S.
engine. '

Figs. 48,49,51,52,53,55

Figure 49.-The Renault "Bengalil
engine.

engine.

Figure 55.-The Delage 12 C.E.D.
I.R,S. engine.
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