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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECENICAL NOTE NO. 21.

IBAG OR NEGATIVE TRACTION OF GEARED-DOWN SUPPORTING

PROPELLERS IN THE DOWNWARD VERTICAL GLIDE OF 4 BELICOPTER®.

By
A. Toussaint.

Resume Translated from the French by
Pa.l‘is °£fi¢3, N.AQG.A.

The translation of this Resund was prepared by the Paris Office
of the National Advisory Ccumittee for Aeromautics in view of the
general interest now being evidenced in the develorment of the Heli-
copter.

In tixe case of a propsller of a helicopter in vertical descent,
the author calls the value F/V°IF the UNIT COEFFICIENT OF DRAG. In
this expression F is the thrust of the propeller turning as & wind-

mill, the thrust being directed in the sense opposite that of the for-

ward movement; V is the speed of deseent. and D the diameter of thse

propeller .

N R —r - . ,q--‘_-,

"."he ratio of the surfa.ce S' of the orthogonal p]ane which pro-
duces the same thrust as the propelle:_-, to the surface § of the circle
swept by the propeller, he calls QUALITY OF IRAG (qf).

Experiments made at the E:lffel Laboratory on windmills of con-
stant relative width equal to 1/12 of the diemeter and of circular
doreal profile, the ventral profile 'being flat, 'but. of different pitch— _

€8, bave shown.

*® Paper read by M ‘I'oussalnt, Engineer of the Aerotech.nical Institute
“of the University of Paris, (St.-Cyr 1'Ecole), befors the Scientific

Conmiseion of the Aex'o Club of France, Januery 24th 1920._
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1. That the maximum of F/V°D° oceurs for each windmill for &
valus of V/nD greater than that correspording to zero motive power;
in other words, in order to obtain F'/Vzb2 maximum, drag must bs in-
troduced. -

2. That the maximum values of F/VSD° increase fram 0.0057 to
0.0357 Kg/gq.m/m:sec when the relative pitch decreases fram 1.5 to
0.28.

Also the automatic rotation experiments mads by M. Riabouchinski
showed that the maximun of F/V°D° for,a flat double sector (propeller
with zero pitch) exposed in a current of air perpendicular to the
DPlane of the ssctor, was obtained by making thie sector revolve, and
that this maximum was O.0625 Kg/m:sec/sq.m,

The guthor believes that for a v.vindmill with zero pitch having
& profile similar to that of the windmills tested by the Eiffei Lab~-
oratory, the value of F/VD° would be well above 0.0625.

He points cut that if we adopt F/V°D° = 0.0357 and V = 3.16
m/ sec, which is the normal speed of descent supportable by the human
organism, we obtain fcI:o_r diameters of 2, 4, and 6 meters, valuss of F
equal respectively to 1.4, 5.7, and 12.9 Kg.

The author con‘clud.es that such reactions could not support sven
ths weight of these propellers,

He then seéks to calculate, by means of Frouds's Theory, the max~
imun valus of the drag of a windmill, For the motive power supplied by

the windmill (P,) and the thrust (F), he gives the following expressionsi
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where & is the number of blades, 1 ths rslative width sssumsd con-
stant, Ky and Ky the unit elements of resistancs assuned constant a-

long ths blads.

¥V -~ the spsed of translation of the windmill.

R -~ the radius of the rim-of the blada.

J -~ the augviar speed of rotation.

F « will be maximum for the maximu valus of ¢J , which corrss-
pornds %o Iy = 0.

We then find
4 v
@ =3 R{K/K,)
which shows that the angular spsed is limited and connot sxsesd a cer-

tain value depending on V, R, and Kx/Ky.

On the other hard we: have:

-;F = -0.166 Kg_
VP 1(Ry /R 2155
RUMERICAL, AFPLICATICN '

The author admits & = 2; 1=6 and K, = 0.0815, Ex/Ey = 0.083,
values determined by the application of Frouds's Theory to Professor
Durand!s Propeller Tests mads in ths laboratory or in actual flight,
by the calewlations of M. Pillard.

Under thess conditions we find for the windmill giving the maxi=-
man drag?

B/D = 0.0865;  V/mnD = 0.196 and F/VPD° = 0.222.
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‘The author plots a curve of the values of Zi.?/V‘zIb2 as function of
B/D, linking up the valuss cbtdined in the Eiffsl Laboratory tests
{mentionsd above) with the values calculated for B/D = 0.0865 and for
en intermediary velue of B/D = 0.2 for which we £ind F/V°D° = 0.074.

Assuming 15",/VBDz = 0,222, V = 3.16 m/sec., that a woodsn propeller
with e diamster of 2 m 50 weighs 5 kg. and that the weight of a pro-
peller is proportional to the aube of the diameter and to the mumber
of blades, ths author ccmpares lthe values of F and of the weight of
propellers for 2, 4, and 6 blade propsllsrs with diameters of 2 m 50
and 6 m,

He finds tha;t the difference betwsen ths drag.and the wgight is
Proportional to the number of blades and is larger for propsilers of
emall diametser} thus it is 25 kg. for a six dlade propeller with a di-
ameter of .2 m. 50,

The auther gays that * if ws are to a,d.o;[:t large propellers we must

have recourse to a different method of- conetruction, giving large di;
mensioﬁ. Propellers much lighter than thoss made of wood.

*Finally, this drag appears insufficient, even with small Pro-
pellers to assure the normal downward glide, in a vertical line, of a
helicopter carrying a certain useful weight in addition to the weight
of the airplane itself, the engine, the tank, and all the organs of
the machine®,

The author concludes that:

®*This question of the drag of geared down, supporiting propsllers

can only be decided by experiment.

~—
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"Such experﬁnenté, must, of courss, be madse in asrodynamical
lahorgtoriss, where thsy cen be carrisd out with groater exactituds
and more methedieally, and also with less expense and risk than
would be involved by the complete realization of e helicopter,

*It will be particularly interesting to find out whether drag
reaction cannot be increased in an obligue glide. In point of fact,
we know from Riabouchinsky's experiments that the quality of a sup-
porting propellsr is notably improved in an air-stream parallsl to
its plane of rotation.

*Po sum up, we should carefully guard against considering the
downward glide of helicopters as being a settlsd gquestion. The la-
tent possibilities of the gquestion can only bs indicated by the a@rso-

dynamical laboratories.®



