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The efficiency of propellers/rotors depends on the air resistance on the branches rods and
the friction of air molecules against the surfaces. These losses of work can be reduced by
a careful construction.

There is another loss that is not due to the construction.

The propeller is a motion transformation device that works like a screw. The screw
advances with a quantity that equals the pitch multiplied by the number revolutions made.
This analogy would lead to the thinking that a propeller would drive the machine to
which it is attached with a speed determined by these two factors. However, this is not
the case: the actual speed is smaller; the difference is due to the slippage.

This loss which shows great variability depending on the case is unavoidable. A propeller
build perfectly in all its details cannot be applied to any type of vehicle with the
justification that it has, as a propeller, a perfect efficiency.

The point of support of the propeller is a fluid, and this fluid has the sole tendency to slip
away. The greater the resistance in the vehicle motion is, the easier the fluid will slip
away. In this case, the vehicle will show little motion, while the fluid will be pushed
backwards, creating an enormous set back, and as a result we will spend a great amount
of the engine work in form of a pure loss.

In these vehicles that we call helicopters, the vertical lift is obtained thanks to propellers.
Since these propellers cannot move, the slippage is 100% and all the available work,
subtracting the efficiency of the construction, is absorbed.

These propellers which have the function to produce a maximum thrust while reducing
the speed as much as possible distinguish themselves from the propulsive propellers.

The speed is the pitch as described by the propeller during a unit of time.
The first quality of a lifting propeller is a small pitch. The smaller the better. Since all the

work is absorbed by the slip, the latter will have to be reduced as much as possible. The
way this is achieved is by taking a propeller with a large diameter.



The question of construction efficiency sets a limit to this increase in diameter, since the
construction of wings that are lightweight and strong would be difficult, moreover, large
branches? are subject to a high sensitivity in rotation resistance, and the friction of the air
on the surface of the branches increases very significantly.

For helicopters it is necessary to make the slip as small as possible. However, we can also
leave it very large and make use of it.

This is what Mr. Cornu and his sons did in 1906. They used the slip of a lifting propeller
to obtain the horizontal displacement of the helicopter.

The mechanism which enables this result is made of a series of surfaces that can be tilted.
These surfaces are positioned bellow the propellers in such a way that the air mass
displaced by the propellers is forced to pass through the intervals between the surfaces.
The action of this air mass has a horizontal component which was used by the inventors
to obtain the advancing motion of the entire machine.
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In essence, the volume of air that flow through these intervals act on these in a same way
as the wind on the wings of a windmill. With the only difference that the motion is
rectilinear instead of rotary. Therefore the engine is entirely used to drive the propeller
and the horizontal propulsion is produced by the slip, which in an ordinary vehicle is a
force that is lost entirely.

Figure 1 represents the schematic of a generic machine based on the principle that we just
exposed.

The propulsion surfaces ¢ are mounted between two rods 1 . The latter are connected via
small moving parts e that are attached around fixed hinges f. A lever g, mounted in the
same line as the central part e, makes it possible to give the surfaces a varying inclination.
Hence a by simple action of the lever g it is possible to make the machine move forward
or backward at a speed that will depend on the inclination of the surfaces. To obtain this
forward or backward motion it is absolutely unnecessary to vary the speed of the lifting
propellers.
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The first trial made by Paul Cornu and sons, demonstrated that the horizontal thrust
equaled to 2/3 of the total vertical force of the lifting propellers. The resistance produced
by the surfaces to the passage of the air pushed by these propellers is always three times
less than the thrust given by the surfaces.

In a machine equipped with such surfaces, and with propellers producing a vertical lifting
force of 100kg, the properly tilted surfaces will produce a horizontal thrust of 60kg.,



whilst they will only absorb a vertical force of 28kg, a force which is absorbed by the
resistance they offer to the air flow from top to bottom, produced by the lifting propellers.

Therefore, if a machine weighs 80kg in working state, with propellers having a vertical
force of 100kg, this machine — if it surfaces are properly adjusted — will be able to be in
balance and its surfaces will provide a horizontal thrust of 60kg.

Based on these data, the inventors established a model machine of ordinary construction.

They describe in the following terms:

“We make use of a Buchet engine model 190 of 2HP, costing 125fr, which weight 14kg
when we bought it, which was reduced to 7kg. This engine drives, via a special
transmission, two propellers of 2m25 in diameter, placed one besides the other. The
frame of these propellers is made of tubular steel welded with ETAIN. Besides the
transmission there is nothing special in this there at the exception of a mechanical
assembly disposed in a manner that appeared the best after multiple trials. ”

p.6

Here are the results obtained with this machine which weighs 13kg complete in working
state. It lifts easily 16kg with only half of the ignition advance. At this time, the engine
develops 1 and HP. Hence we lift on average about 10kg per HP.

This remarkable result, given the small dimension of the propellers, we attribute to our
transmission which we patented.

The vertical lift trials where stopped and the inventors were concerned about the
realization of the propulsion using the slippage of the lifting propellers.

“To this end, they say, we installed only 14 surfaces, weighing, including their mounts
and the inclination system, 400g; they made it possible to obtain a horizontal traction of
1.500g, enough to move our helicopter. ”

At this time, the surfaces absorb btw. 500 and 600g of ascending force. The theoretical
(horizontal translational) speed is of 25 to 30km/hour.

The practical speed is a little less due to the slippage; however the machine moves easily
at a speed of 15 to 20km/hour.

The machine is not equipped with a rudder since it is suspended by a special beam which
provides guidance during the ascension.

In the first models that were built and tested, the 14 surfaces were arrange in a
symmetrical fashion with respect to the vertical passing through the engine, and the two
bladed propellers were attached to bicycle wheels with their axis set vertically. The
JANTES served as gorges for the transmission belts. This arrangement was later



modified and the (p.7) picture Figure 2 shows the surface providing the propulsion placed
at the center of the machine.

Public experiments crowned with success took place at Lisieux, in October 1906.

Their success had the consequence that an machine capable of lifting a human was
started. Friends of the inventor offered as a gift a subvention of 12,500 francs.

On October 30, the 24 HP Antoinette engine was ordered.

The inventor had first the idea to build a helicopter with small, fast spinning blades. But
concerned to engage in an unknown path, he applied the contraptions and data provided
by his experimental models.

The main structure of the definitive machine, shown on the large plate, has a very open V
shape, and it is made of a large central pipe and reinforced by 6 star-shaped soldered steel
pipes armed by Bowden cables that were properly intertwined. This way we achieve a
high stiffness.

The length of this machine, mounted on four wheels, is 6m 20, the weight is 50kg. The
engine and the pilot seat are at the center.

With the help of an endless flat belt of 22meters in length and 100mm wide, the engine
drives two two-bladed propellers of 6 meters in diameter, attached at the extremities of
the structure. Close to the aviator, we find: left a tightening clutch; right, the lever used to
lift off (the ignition advance).

The central board which is visible above the aviator is made of aluminum. Held by four
tubes, it caries two return pulleys and guiding pulleys. All the spinning pieces, including
the propellers, are fitted with ball bearings.

p-8 and 9: main plate.
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The water and fuel tanks are placed symmetrically at the front and back third of the
structure.

The water tank has a capacity of 12 liters, with a circulation enabled by thermo-siphon;
the fuel tank has a capacity of 7 liters.

The oil tank is above, the batteries and the engine spool bellow the engine.

The propellers are composed of a 1 mm thick sheet metal pulley measuring1 00mm in
width, and 1m80 in diameter.



These pulleys are attached with the spokes tangential on aluminum hubs. Although
serving in the transmission they are the main body of the propellers.

The latter are not adjustable; the blades are made of a tubular frame flattened
progressively at the extremities. Their feet are appended to the pulleys through the
intermediary of a small aluminum plate. These blades can pivot about themselves; their
feet extend through a shaft to the hub, where it is attached on a weakly eccentric ear.

The frame of the blades is covered with two layers of rubber coated silk, stretched by a
special procedure. Their length is Im 80 and their width has a maximum of 0.9m.

These blades have a very small resistance; the centrifugal forces tend to lift them. To
balance this effect, it was necessary to add lead sheets at 2/3™ of their length starting at
the center.

The blades are driven via the intermediary of cables that are fixed on one end to the
pulley and on the other end at 2/3" of the back branches going through a bridge attached
to the front branch. This system is doubled for the purpose of resisting the start-and stop
vibrations. With this setup, the blade is pulled as a whole and the tension of the cables,
combined with the rotation of the feet, enables the variation of the pitch.

The weight of the complete propeller reaches 24.5kg.
p. 11: Fig. 2. Study Helicopter
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To obtain the propulsion and steering, two surfaces made of a tubular steel frame
flattened and covered with silk measuring 2.50m in length and 0.6m in their maximal
width, are placed immediately under the propellers. These surfaces can move about a
horizontal axis running through their center and are attached on two articulated supports
around an extension of the propellers axis. The inclination of these surfaces (propulsion)
and their lateral displacement (direction) are adjusted via two levers placed left and right
in proximity of the aviator.

The air reaction produced by the propellers on the surfaces provides the propulsion the
speed of which depends on their inclination. Their lateral displacement provides steering.

The weight of the propulsion and steering system is 9kg.

The construction of the machine was competed in August 1907 and the testing of the
propellers started immediately. From the beginning, it was recognized that it was
necessary to balance them with great precision, because as soon as they started spinning a
little fast, the machine would jump left and right. It was established that it was sufficient
to place a weight of 55g at the extremity of one blade and of 75g on the other to make the



entire system perfectly well. The slippage of the belt was the second issue to prevent; it
was necessary to add leather to the small and large pulleys.

After a few trials with the diameter of the driving pulley and the pitch of the blade, the
machine lifted by itself for the first time on August 31. The propellers were spinning at
70 rpm with a pitch of 2m70. The engine was rotating at 750rpm.

The seat of the aviator was loaded with a 50kg sand bag; the slipping of the belt could
again be noticed. The diameter of the driving pulley was increased to 18cm and the entire
machine including its ballast, which is 235kg, was lifted off the ground on September 27
1907. The engine was rotating at 850rpm and the propellers were spinning at 85 rpm with
a pitch of 3m.

In what followed, this pitch was kept because if increased, the propeller blades would
again have to be leaded to balance the effects of the centrifugal force.

Up to this moment, the machine consisted only of the main frame, the engine and the
propellers. The inventors went ahead with completing the propulsion surfaces.

On November 9, the machine, which was complete, weighing 203kg, carried for the first
time its aviator (57kg) and would have lifted off if the slippage in the belts had not
resumed.

The small pulley was fitted with rubber and four days later the machine lifted his pilot up
30cm high. The same day, the experiment was resumed, and the entire system lifted two
people at 1.5m above ground. The weight lifted during these trials reached a total of
328kg. During a trial on December 4, the vertical flight did not last more than one minute
because of slippage of the belts even after the large pulley were fitted with rubber.

In spite of this, the experiments conducted with the Cornu helicopter seemed conclusive.
Moreover, as soon as the month of March 1908, the inventors decided to build a simpler
machine.

As far as the propulsion was concerned, the experiments demonstrated that when the
propellers were spinning at 70rpm, the longitudinal motion took place, as a function of
the inclination of the surfaces, at a speed of about 12km per hour. During these
experiments, the machine was positioned in a way that prevented it from leaving the
ground.

In theory, the propellers were spinning at 100rpm with a pitch of 3m, and the surfaces
where inclined at 45degrees; the machine was then moving at a speed between 25 and 30
kilometer an hour.

p. 14

The results of the experiment can be summarized as follows:



Engine Propellers Vertical Thrust

RPM Pitch (in meters) RPM Lifted Weight (in
kg)

750 2.7 70 185

850 3 85 235

900 3 90 260

<900 3 ? 328

In lifting 260 kg with a lifting surface of 6m2, the engine was developing 13HP.

On the topic of the power developed, M. Cornu said:

“The engine power was observed from its speed which never exceeded 900rpm. At this
speed, M. Levasseur indicates that his 14 HP Antoinette engine cannot produce more
than 12 to 14HP in the best of conditions.”

Hence, the obtained result is contained in the following numbers: 20 kg lifted per HP, and
45 kg held by square meter of lifting surface.

The propulsion produced by the surfaces was on average about 15kg.

The helicopters have a serious defect: the air flow during the horizontal motion of the
machine has an unfavorable influence on the efficiency of the lifting propellers; it has
even a destabilizing effect. During the experiments that we just described, the translation
does not exceed 12km/hour and the efficiency of the propellers was better during the
translation [contradiction!].

At faster speeds the equilibrium would certainly be affected by the violent air flow which
would certainly act on the propeller blades.

It is this ideas which prompted a change in the research orientation by M. Paul Cornu. In
the mid 1908, he built an experimental machine to study these perturbing effects.

The inventors had has goal to lift off the ground a man with the smallest possible
propellers. To enclose these propellers in a lenticular envelope made of a silk covered
frame. This envelope would be pierced with openings for the intake and exhaust of the
air. The openings would be fitted with short pipes. This would prevent perturbation of
the propellers from exterior effects and allow them to always function in the same
conditions.

In the experimental machine, the disposition of the propellers with their axes in parallel
was abandoned. This setup required a balancing that was hard to maintain as well as a
transmission that was heavy and complicated.




The propulsion system based on oblique surfaces was also abandoned at first, not because
it was bad — the results that it provided were good — but because of the low translational
speed it enabled. The increase in speed required an increase in the pitch of the lifting
propellers which harmed the lifting performance. This system based on reaction was
picked up again later. In an experimental model the translation is provided by a pulling
propeller with variable pitch commanded by a flexible transmission.

The experiments performed after that by M. Paul Cornu on the lifting propellers
demonstrated that in order to lift a weight of 400kg with two propellers of 4m in
diameter, a force of 70HP was needed.

More than two hundred trials in exact yet practical condition were performed with lifting
propellers. The diameter of the tested propellers ranged from 4 to 6m. They were driven
by and a bevel wheel and an ordinary transmission with a driving force of 10 to 20HP.
From the project on display at the “Salon Aeronautique” at the end of December 1908 the
following has to be considered:

The machine was made of a rectangular frame holding in the front the engine and in the
back the aviator; the engine was driving, via a clutch and two bevel wheels enclosed in a
central CARTER, two concentric shafts fitted with ball bearings; these shafts were
spinning in opposite directions and on each of them a propeller was affixed. The gap
between the two propellers is Om.70. Immediately underneath the lower propeller were
installed two sets of six surfaces each; one on the right and the other on the left of the
frame. These surfaces are mobile, meaning that the arms that carry them can tilt about
hinges attached to the frame. Each of these arms is ended by a small lever, the latter are
connected though a rod for each set. A lever with equipped with a stop, placed under
hand of the aviator sets the travel of the rods. There are two independent levers: one sets
the right set of surfaces and the other the left one. The inclination of the surfaces can be
adjusted from their vertical orientation to the extreme forward or backward orientation. If
one of the set has a steeper inclination we obtain a turn.

The experiments demonstrated that there is a loss in speed of 50% on the theoretical
speed of the air moved by the lower propeller.

In the machine just described, the air was moved at a speed of 72km/hour and it can be
expected that an average speed of 40km/hour can be obtained; at that time the surfaces
provided a thrust of 50km [per hour ?].

The surfaces inclined at 45%[degrees?] oppose to the vertical lift a resistance that equals
one third of the horizontal thrust they produce. But at 60degrees, the forces are equal. The
maximal speed is obtained with an inclination of 50degrees.

M. Paul Cornu has also studied the “hilicoplane”; we will probably have the opportunity
to discuss it in more lengths.



