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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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o=t 7 GONTRIBUTION TG THE AERODYWAMICS OF
- ROTATING-WING AIRCRAFT*
" PARP II

"By G. Sissingh

The interrelations established in an earlier report
on this subject (NACA T.H., No. 921). are used to study the
best assumptions for hovering and horizontal flight, The
effect of the twisted and tapored blade on the rotor effi-
cicnecy is analyzed and the glidimg coefficient at differ-
ent stages (from autogiro to helicopter) of horizontal
flight compared., To the extent that model or full-scale
test data are available, they are included in the compar-

ison,

WOTATION

In addition to thec notation emplpyod'in the earlier
report (T.M. Yo, 921), the following symbols are usecd: -

¢ (kg). tarc weight of aircraft

¥ (hp) rotor input powér
" ¥, (hp) input power of regular pfopoller on autogiro or
' helicogyro I T !

v factor identifying the flight stage
'D::—-I-{...:.—
: ¥+ g4
v = 0 autogiro

v = 1 helicopter

1>v > 0 helicogyro

*"Beitrag zur Aerodynamik der Drehflﬁgelflugzeuge,.Part 11,
Luftfahrtforschung, vol, 17, no. 7, July 20, 1940,
PP. 196-203, (Part I has been published as NACA T,i,
No. 921.)
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e ¥
z/2 o T
static-thrust "efficiencyy . ‘*Q“*— = V= Y
n ¥F B = de_ - C.Q
€ gliding coefficient of rotating~winﬁ aircraft,

rotor-gear ef11C1ency, and’ “éffieciency of normal
propeller equated to l' L

Sh+f}\.+kd~
L A kgy

with A= V/U = p

£  ratio of parasite area of all nonlifting parts of
' the alrcraft to swept rotor dlsk area F

Oo 7‘:reduced sollditv of a tanered olade d referred'to
blade chord at O, 7R -

Zto (1+07P)
0-0.7-. .n.R

GENERALITIES

Depending upon the purpose of use of the rotating-
W1ng "dirérafti-as load carrier, where the specd is second-
aryy- 0r ag air liner with high éruising speed = the prin-
cipal value is placed on a high rotor lifting power or a
good lift/drag ratio of thoe“aircraft. However, since one
regquirement of a rotating-wing aircraft is its ability to
take off and land vertically, the tarc weight ' and the ro-
tor powecr available decidc the minimum diameter of the ro-

tér disk, '-Decisive, finally, 4s the thrust per uiit power,

which follows at

iGN 275N ame  Xglhp (78)

As regards the static-thrust efficiency, T, it suffices
to state that, for the presenty it ranges from 60 to 75
percent and depends upon the aerodynam1c design of the
rotor,

According to equation {78) aad Tigure 8, the 1ift ca-
pacity of a rotor 1ncreases.w1th dgcreasxng olade load~
ing which, for, modern alrplanes of “ffom about 800 1o .

..... Matieatd
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1000 kilograms total welght, vranges from 6 to 10 kg/m and

more  for larger and faster types.,ﬂ,w

Flgure 9 1llustrates the relatlon between diameter,

total weoight, and power according to equation (78),

M= 0,7 static-thrust efficicneys The diamecter resulting
from fig urc 9 would just suffice to keep the aircraft hov-
ering without ground effect.* ~Obviously, a certain excess
1ift is necessary for.climbing, etc., which requires a cor-
respondingly grecator diameter, . Solving equation (78) with
respect to D, affor&s_‘ . g ’ o

Gs/z L
D = 0,01065 - : ~(78a)

n §.J/p

In other words, a desircd percent of change of 1ift
requires approx1mately 1,5 times the rotor diamoter, A4t
constant m, for ‘instance, a 15— pcrcont incrcase in diam-
cter raises the lifting power 10 poercent. But with consid-
eration for tho weight of tho blades and tho sag at static
thrust**, this rotor enlargcment cannot be contlnued arbi-

trarily.

O0f further gencral importance is tho circumforential
speed at the tip circle, which on modern aircraft’ of the
type Ar C 30 ranges from 100 to 150 meters per second and
which - as shown later on - cannot be substantlally changed
for various reasons,

Por estimated prediction of thebest value, we quote
the result of a subsequont calculation, which states that
the best statlc thrust coef¢101ent is socurod by a blade
loading of sa/g ; 0.2.  With thls valuc and D, accord-

ing to oquatlog (78a) the equatlon for tne ax1a1 thrust
(¢ = ?SQ.F U ) givecs as. best. tlp spoed in: the hovering

.. stago:

*In dircct pTOXIFItJ of the ground, .the thrust for cqual

-'povor input is grceater, -This increase.inflift is effec-~

tive at a distance of 0.8 to 0,8 D between rotor disk and

~ground and can,: for modern alrplane types, amount “to- as
. -much as 30 percentew .7 S ) .
"**my. keép thé. blade ‘stresses 1in flight to'a - mlnlmum, they

should be flexible in bending at right angles to the plane
of rotation. In this manner, unloading from the centrif-
ugal force makes it possiblie to lower the bending stress
to about 20 percent of the inelastic blade.
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Figure 10 gives the tip speéd Plotted against the
power loading conformable to equation (79) for the practi-
cal solidity ratios o = 0,04 to 0,10, It is pointed out
on this occasion that, while high ¢ favors the static-
thrust coefficient, the lower ¢ 1is more propitious for
horizontal flight. PFigurc 10 shows the power loading re-
ferred to the total weight, To enable the rotor to carry
n times this total woight, thc tip speed must further be
reduced in the ratio 1l:n., The thus-sccurcd U value
considers only the hovering stage or the climb., If, in
addition, the airplane is to have high spced in lovel
flight, other viewpoints are involved which restrict the
range considerably,

Since the drag coefficient for normal profiles in-
creases materially when opeérating in »nroximity of sonic
velocity, high Mach numbers must be avoided as much as
possible (refercnce 1), The highest rclative speed on the
rotating-wing aircraft is at the tip of the advancing
blade (Y = 90°), where flight and circumferential speed
become additive, If it is assumed that the sum of these
two speeds is not permitted to exceed a specified value,
the flying speed will be maximum for each circumferential
speed,

Figure 11 illustrates this connection for diffcreant
coefficients of advance A (ratio of flight to circum-
ferential speed). The limit following the requirement of
a maximum permissible Mach number is included on the basis
that the highest relative speed at the blade tip is not to
exceed 90 percent of the velocity of sound, Since this
high speed is confined to a small part of the rotor disk,
the permissible Mach number mignt perhaps be raised a 1lit-
tle without appreciable detriment to the gliding coeffi-
cient of the rotor, Theoretically, this produces no
change %n the specd limitation of rotating-wing aircrarft,

Since the efficiency decisive for horizontal forward
flight, the gliding coefficient (of the rotating-wing air-
ceaft), .reaches its best value by a coefficient of ad-
vance p = 0,35 to 0,40, the speed 1limit of the best hori-
zontal 1light is, according to figure 11, about 300 kilo-
meters per hour, Of course, by foregoing the minimum glid-
ing coefficient, it is quite possible to design rotating-
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,,wingwaincraft—ﬁith speeds up to 400 kilometers-per hour

and more, The then~required coefficients of advance of 0,6
at around 1l80-meters-per-second tip specd arec entlroly
w1th1n the rcalms of possibility, _

Howovcr, it is pomnted'dut at this opportunity, that
in the expressed high speecd the performance of the rotat-
ing~wing aircraft is stlll likecly always to be lower than
that of the fixed-wing aircraft because of the high coeffi.

~cionts of advance conneccted with it, Tho chief advantage

of the rotating-wing aircraft is that in spite of suffi-
ciont maximunm speed, it is able to reduce its forward
spced to tho hovering stage, This quality will make it pref-
orable to the. orthodox airplane for many practical purposes,
even if its uop speed is lower,

DETERMINATION OF EFFICIENCIES

" The calculation is based on the following substitute
functions for :the werodynamic force caefficients of the
blade element:

co = 546 ap ‘ (80)

I

ow = 0.011 - 0.0572 ay, + 0.89 a? (81)

These data approximately correspond to the U,S5, airfoil
i 12 at L:30 aspect rotio. The parabola: for‘ Cw' was

chosen so.that at ap = ®, 5,5°, and 13° the substztute
function agrecs with the true drag coefflclont *

The thrust-reduction factor B is -~ independent of
the propeller loading and blade number - put at 0,98; that
is, the outermost 2 percent of the rotor blade has no share
in the 1ift, For simplicity, it is further assuned that

* o ' s X e . '
Since the downwash is already contained in Ay when de-

tormining the operating-angles on tho blade clemont - ang

moreover, the polar for. flnite aspect ratio is employed -

the finite aspect ratio is allowed for, twice, The author
chose this method intentionally, since it is the simplest

way of obtaining agreement between theory and test, This

method, though very useful, is. therefore merely an expodi-
ent until acceptable downvash measurcments and the polars

of an airfoil under different angles of yaw make an exact

calculation poss1ble.
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the flapping hinge coincides with the axis of rotation.

The profile is the same as given in the earlier report
(T.M., No. ©21)., The hub rcsistance is ignored for the
present. The blade-mass constant on the rectangular blade
is put at ¥ = 12, A tapered dlade 3:1 (p = - %) of the
same design which at O,7R has the same chord as the rectan-
gular version, has about ¥ = 23.4. This valuc was then
used as the basis, :

Static_Thrust Coefficiont

Tor the hovering stage, the problem is to determine
the assumptions for an optimum static-thrust cocfficiont:

s/2
n = fsa’C (82)

ckd

First to be defined is the most beneficial (specific) blade
loading ksa/d, which is an indication for an average o0Op-—
erating angle-on the blede clement,* This calculation was
made for an untwicited, rectansgular blade by means of cqua-
tions (11), (13), (14), and (82), and the data plotted
against the blade loading in figure 12 for difforent thrust
coefficients, The efficiency T rises with ascending
thrust coefficient to a maximum at kgy/0 = 0,195 Dblade

loading, indcpendent of kg

Thc oubsequﬁnt studies pertain to the improvement of
the cefficicney by ‘suitablc blade design, For this analy-
sis, kgg = 0,009 =serves as a basis, walch approximately
corrcsponds to the thrust coefficient of modern rotating-
wing aircraft.

: . Figure 13 shows the ¢ffecet of twist on a recctangular
blade, with solidity o as abscissa instcad of the blade
loading, The best solidity. in figure 13 is. o & 5 percent
for kg, = 0,009, which again corrdsponds to ~ 0,2 Dblade
loading, It is also scen that a 12° twist raiscs the stat-
ic thrust cocfficient from 67,8 to 74,8 purcent or 10,3
percent over the blade w1th zbro twist,

*For the rectangular blade, eqguation (13) affords for she
average operating angle: :

0 = 3 X
ap” = St

)1

;57.0 ksa/o-

t

Ca
® 32,6 kg,/0
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e o As.a general. rule,..the.rotor blades :will. .have only a
little twist in considcration of forward flight and the
autorotation ability endangered by a greater twist. In
pr%ctlcc, therefore, the twist is not likecly to cxceed 8
to 10° ‘

A further means for improving-the static-thrust effi-
ciency is afforded by the taper of the blade; that is,
taper of blade chord toward the tip. Hero also the inm-
provement is the result of a more uniform spanwise load
distribution, the rcsultant of the tangential forces gov-
crning the torque traveling inward and thus becoming effeo~
tive on a shorter lever arnm,

Figure 14 illustrates the improvement afforded by a
change from a simple rectangular blade to the untwisted
and twisted tapered blade, The Dbest solidity is again
reached at 5 percent, that is, at a blade loading of

Ksa ~ 0,2, on the basis of 0,7R blade chord. According

g

to figure 14, the efficicncy by best solidity of 67.8 pere
cent for a rectangular blade risces to 72.2 pcrcent on the
untwisted blade and to 7?7.5 percent on the tapered blade
with 6 percent negative twist, The taper factor was p =

- ;; on a blade continuing %0 rotor center the chord of

the innermost blade element to the theoretical chord
(rounding off dlsrepardc@) at the blade $ip the ratio
would be as 3:1.. This 6° twistod blade approximately cor-
responds to the bladc form in modern designs.

To sum up, it may be stated that as regards hoverlnb
(without consideration to forward flight) a robtor of light
blade loading with low tip speeds is propitious. ‘A suite

‘ablé blade loading is ksa/c = 0.,2. With a twisted tapered

blade, the efficiency can be inproved by about 15 percent
over a normal rectangular blade, which is about equivalent
to a 10~ percent 1ift 1ncrease by equal power input.

In the followmng, ‘the opitimum solidity is briefly dis-

. cussed“which, mathematically, doés no% become evident with

the assumption B '= 0,98 = constant. Plotting the M val-
ucs of figure 12 for the best blade loading =52 = 0.2 at

the differeat thrust coefficients Ik , against the selid-
ity (fig. 16) manifests a steady, slight rise 'in static-
thrust coefficient with the solidity, which is not in ac-

cord with the facts.
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, . Expressing the ‘circulation decrease at tLe blade, con-
formapla to Prandtl (reference 2)*% with :

o o i :
B = 1 __5222“ ‘ - (83)-

gives the values shown in figure 15 in relation to kgy
for different blade nunbers =z and hence a naximun of the
sthtlc thrust effig¢iency, which is in accord with the

tests at soliditics -of fronm 8 to 12 percent (fig. 16).

However, since the optinun is very weakly narked, a
solidity of 6 percent is not likely to be excecded because
of the weight of the blades and their sagging on the stand,

Even then it affords blades with sufficicnt static-~tarust
effielency and adcguate high spoccd.

for Ecest Horigzonital Flight

o

Gliding Coecfficlen

.0 This inplics the officiency of the best possible hiore-
izontal flight; that is, the prediction of the nornally
attaginable lowest gliding cocfficicént withouv regard.to
specd, We procecd from the coefficicent of odvance p =
0,35, that is, the valuc at which the best ¢liding coeffi-
cient may be exwected, according to past infornation, The
280-kiloneters-per-hour spccd linitation conn ecto vith it,
according. to figurc 11, is disrcgarded,

The solidity, in accord with nodern designs, is put
at 0 = 0,054 This is the sane value tunt gave the best
sta tlc-tbrust coefficicont for kg, = 0,002 in the hovering
stages The first task involves the deternination of the
"best blade loading, Inasmuch as a change in dlade loading
at a given solidity is equivaleant to a change in thrust co-
efficient, the coocfficicnts of horigzontal thrust and torque
were conputed for - kggq-= 0,005, 0,0075, 0,010 (correspond-
ing to a blade loading kgg/0 = 0,10, 0.15, 0,20)  and plot-
ted against o (figs. 17 to 21), along with the blade an~ -
gle of attack 9§, necessary for each slope of the normal
plane to produce the required thrust (1ift).

*Iﬁ equation (4), v is replaced by vg, _and v& in the

denonlnator disregarded with respcect to R° ,wa. With Ad =
V 1"'sa,/lo*,' it affqrds _ -
2 =1-8=21n2 /[r., , o
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FiguresﬁlY_ﬁo 39 show this result for-a rotor with a
rectangular blade of zero twist; and figures 20 and 21, for

the best of the three explored blade loadings kga/0 = 0415,

based on a rectangular blade of 6° negative twist and a ta-
pered blade (p = - §> of zero twist,

The results were obtained in the following manner:. Ad

is first ‘obtained from the axtal thrust equations (13) and
(41) as funetions of the blade loading and the blade anglé
of attack, respectively, and then written in the formulas
for the %torque and the normal thrust coefficients. With
Ad and kgg, the related o value 1is. afforded from'

egquation (1), ‘thus leaving the transformation of the coordi-

"nates to be effected. By this trans1ulon to the propeller -

to the wind system, the calculation of kgy (horizontal

thrust) was made with cos o = 1, and the vertical put equal
to the axial thrust (fig. 4). Since 1n the case of practi-
cal interest oap,yx Treaches bout 10° to 14 this dmission

haos no 31gn1flcmnce so far as the result is concerned ,
Breakaway of flow was accounted for by lkg,/c = 0.15 with
b = 0.7, and by kga/o = 0,20 with b = 0,98,

Further eValuation ‘of the thus~obtained data consists

in the calculatlon of the gliding coefficient €., according
to
€ ksh'l‘f)\ + kd (84—)
Kgv. A kgy

where £ Aa allows for the effect of adaltlonal res1st—
ance, such as fuselage, 1and1ng gear, and so forth, The
factor £ . charactorizes the ratie of parasite drag of all
nonlifting parts of rotating-wing aircraft to swept rotor~
disk arca, All mechanical cfficiencies of cnergy transe-
nission and propellor efficiency are disregarded in cgua-—
tion (84) because of their subordinate role ‘at this point,

In Part I (T.H. Fo. 921) it was stated that the ro-
guired 1ift by equal rotor spced can be attaincd by differ-
ent flight antltudes.r The two extreﬂe cascs. are brlefly

revicwed:
rd

Autogiro: Up to about 5 blade ar'le of attack and
positive setting of the normal plane relative to the air
stream, the rotor:is driven by the relative wind. A rege

‘ular tractor propeller serves for overconiag the total

d.ra.{’; »
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Eelloopter: . The normal plane of a power-driven rotor
‘1§ tilted forward (hegativé o) until the rotor itself
-overceonmes its own-dragiand that of the aircraft. Th
blade angles of attack must be increased to about 10
12% a separate prope¢ller is no longer requircd,

Figurec 22 gives the efficiency of horizontal flight
by 0¢335 cocfficicnt of advancc for .those two extreme cascs,
without allowing for additional drag. The curves show the
reclprocal £liding coefficient of a rotor with rectangular
‘blade’ of zoro twist in roelation-to the dladeée loanding.

For appraisal of the effect of twist and taper, the points
for a twistecd, recctangular blade and o tapercd blade of
‘zero twist have boen added for kg,/o = 0,15, The helicop-
toer shows a temporary superiority over the autogiro for

f = 0, 'But, since a practical appraisal of the diffeorent
flight stages must take additive resgistance into account
also, thls compwrlson will- bo referred to again, later,

Thy bcst ll&lnh coefficicnts for thc autogiro with
'simple.—.thgt,ls, recectangular blade of zero twist, lics at
kga/0 = 0416; and for the helicopter at 0,14, In other
wvords, to maintain the best € on changing from hovering:
(best value at k  fo.= 0.20) to forward flight, theoretic-
ally requires an increase in rpm which, according to fig-
ure 22, should amount to 12 percent for the autogiro and
20 percent for the helicopter.

This well-known displacerient of best blade loadiag on
autogiros is in nccord with wind-tunnel test data. The
‘extensivel measurc ments by Wheatley (refercnce 3) and cval-
iuatcd oy hohonoﬂvcr (rofcr01ce 4) give, for 1nstance, the
bost gliding cocfficients ab Egp/o = 0.15 Dblade loading.

“GorrGSDondlnb nellcopter tests arc lacking.

For apnrals°1 of. tne absoluu véluCS of the theoreti-
cal maxinum cfficicncy of the helicopter, various full
..scale neasurenonts, as reportbd by Cierva.l% a 1evturo be-
- fore the Royal Acronautical’ Soc1ct¢ . 0n larech 15, 1935
(reference 5) nay be .er plo;ed nccording to this,
Wheatley¢s experinments on U.S. autégiro rotors vielded
gliding coeffiecients of from 1:8 to 1:10, These figures
.would .agree with the present calculation, which gives
.1:8:4 as best value for the rectangular blade. The ta-
'pered blade affords nathematically an inprovenent to about
1:9 - fthus also falling into Wbeatley s range of ‘test val-
ués, which likewise include blade shapes differing fron
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the plain rectangular blade. It should be borne in-nind-
that on the tapered blade, with the same comparative so-
lidity Co.7 the decisive outer blade elements operate at
a lower characteristic coefficient than on the rectangu-
lar blade. Since this fact had not been taken into ac-
count in the calculation, the improvenent in theoretical
gliding coefficient achieved here probably does not becone
conplotely nanifest., OCierva quotes € = 1:13 to 1l:14 as’
optinum values obtained by himself. However, since nei-
ther these nor similar favorable gliding coefficients have
ever been definitely obtained up to now - neither by full-
scale nor on nbdels - these figures seen a little too op-—
tinistic,

) Obviously, the gliding coefficients usually obtained
in model tosts, with a nmaxinun of about 1:6, are substan-
tially nore unfavorable and not sumnarily applicadble to
appraisals of optinuii values obtainable at full scale.
This is chiefly due to the small characteristic values
and, in a lcssor degrce, to the additional losscs usually

“causcd by the disproportionate danpers, hingeé, and so

forth, which do not always lend themsclves to satisfactory
nathenatical treatmnent,

The cffect of twigt was illustrated on a rectansulﬂr
blade with negative twist (3, = - 6 ) for - kga/o = 0.15.
The gliding coefficient of the helicopter showed an in-
provenent from 1:10,3 %0.1:10,9, On the autogiro -with op-

. poscd flow, this negat1Ve twisgt. is detrlmental because the

normal plane for the windmill state nust be set too steep
as a result of the inferior autorotation abllltj. ‘

The tapered blade'affdrds an 1mpfovenent on the aut o
giro as on the helicopter, with an absolute best value of

'€ = l 11, ¢ computed on the basis of a blade taper of 3:1

= e _> With concurrent blade twist, this value pre-
sunably canr be raised to about 1:12 which, in the authorts
opinion, is probably the upper linit for the present.

The cffeet of additional resistances is illustrated
in- ‘figure 23, wherc the reciprocal €' of a rotor. is plot-

ted against the performance factor v (characterization

of flight stage) for various parasite areas, The perforn-
ance factor is defined as the ratio of rotor input power to
total power, Given the € of a rotating-wing aircrafsb,
the performance factor v can be coumputed according to



12 - NACA Technieal -Menorandun -No. . 920

kg | ' _
x oL e s 5
7\ € - ksv L Finert el -'(80)
Flgure 23 also shqws the dlfferent angles of attack
‘of the nornal plane necessary ‘to overcodnme ‘the resistances
of the aircraft in the helicopter state. - The ckosen rep-
resentation has the advantage of placing for - o = constant
all potential flight stazes on one straight line, which
passes through the zero point of the coordinates with the
inclination A kgy/kg. The curves for ¢ were based on
parasite areas of f = 0,003 and f = 0,008. The last
value corresponds, for present-day dinensions, to a normal
rotating-wing aircraft of the type of the C 30, £ = 0,003
represents a particularly clean aerodynamicdesign, On the

autogiro (v = 0) the parasite areas lower the gliding coef-
ficient from 1:8.,4 to 1:6.,0 and 1:4.,6, respectively, In
t1e pure helicopter state (v = 1), ¢ is raised from

1:1043 to 1:649 and 1l:5,1, respectively. The forward tilt
of the normal plane nust, as a result og the additional re-
sisbtances, be 1ncroased from o = - 843 of the rotor wind-

mill state to -9.5° and -12.70, respectively.,

While the helicopter is superior for £ = 0, the best
€ for £ = 0,006 1lies with the helicogyro. Hence the su-
periority of the helicopter diminishes with increasing
parasite drag relative to the other flight stages,

In the foregoing investigations the efficiency of the
rotor drive and of a regular propeller required on occasion
(autogiro or helicogyro) is disregarded, Since the gear
efficiency is ordinarily substantially higher than the pro-
peller efficicncy, the helicopter superlorlty computed here
"is even morec in cvidencec, This agrecs with the fligh
tests of Fockels combined bellcopter aubogiro, which at-
‘taihed the greater horigzontal speed in the helicopter state,

t

* CONCLUDING RELARKS

' The bcst stetic thrust coc;f1c1cnts. ars. obtaincd by
blade loadings of kg, /d = 0.2, according to the study of

the boverlng statc, and this flgure can . be ralsed by about

© 15 peGCnt By using a -tapercd blado.;i,-

On pa351ng'1rom boverlnm to horlzoatal f]lg 1t, tho best
blade 1oad1n~ for the explored cocfficient of advance of
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0.35 shifts to kg,/0 = 0.16 for the autogiro and to

" kgn/o = 0.14 for the helicopter, henco the rpm: should bo

increascd,

The absolute best € dis to be oxpcated at specds be-
low 300 kilometers per hour. It should amount to about
1:12 for the rotor without additional resistances when
using a blade which 1s favorable for hovering also.. 4 com-
parison of the different flight states gives for wm = 0,35
in agreement with flight tests, a superiority of the heli-

"copter which, though it may not be generaligzed, makes it

likely that the helicopter, becausc of its superior take-
off and landing characteristics, will be succcssful in the
near future. ’

Since additional resistances are more dotrimental to
the gliding coefficicnt of the helicopter than on the au-
togiro, the greatest value for the helicopter should Dbe
placcd upon an aerodynamically favorable desigm of the
whole aircraft,.

Translation by J. Vanior,
National Advisory Committec
for Aeronautics.
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xm. Tables
Table 1(Fig-12) Table 1 (continued)
ksalo| 103 kain %, ky0/0, 108 ka| 7%/ Kea/0|10% ka| 1%y ksa/0|10% ka| %y
kyq =0,003 0,060,213 | 38,5 [k,, = 0,006 |0,06(0,495|46,9  k,q = 0,009 | 0,080,825 | 51,7 | kyq = 0,012 | 0,06 | 1,105 | 55,0
.| 0,000,173 | 47,5 0,09 | 0,418 | 55,5 0,090,708 | 80,2 0,091,028 | 83,8
cowm ... |onzloase]s26f . .. .|012]0,384] 80,4 0,12 | 0,659 | 64,7 0,120,970 | 67,7
0,18 {0,147 | 55,8 0,180,364 | 63,8 0,18 | 0,630 | 67,8 0,180,932 | 70,4
¥ 0,24 { 0,148 | 55,5 0,24 | 0,368 | 63,0 0,24 | 0,635 | 67,2 ,24 | 0,938 | 70,0
A ‘ 0,30 | 0,154 | 53,3 0,30 | 0,380 | 61,0 0,30 | 0,852 | 65,4 0,30 | 0,961 | 68,4
e
3
. r . Table 2 (Fig13) Table 8 (Fig.14)
P 'y P o 108kg | 7% koo B P Ton 100k [ 7%
i L. J
;}' S 0,009 0 0 0,02 | 0,721 | 59,2 0,009 ) 0 0,02 | 0721 | 59,2
4 0,03 | 0651 | 658 0,03 | 0,651 | 655
| N 0,04 | 0,631 | 67,8 : 004 | 0631 | 67,6
j 0,05 | 0628 | 67,8 0,05 | 0,628 | 67,8
| 0,08 | 0,637 | 67,0 0,06 | 0637 | 67,0
2 0,07 | 0650 | 658 0,07 | 0,650 | 658
0,08 | 0,668 | 6338 0,08 | 0,668 | 63,38
0,10 | 0,708 | 60,2 0,10 | 0,708 X
0,12 | 0,754 | 56,8 012 | 0,754 | 56,8
0,000 | —e6° 0 0,02 | o701 | 609 0,009 0 —12, | 002 | 0685 | 622
0,03 | 0,627 | 680 0,03 | 0616 | 69,3
0,04 | 0,803 | 70,8 0,04 | 0593 | 71,8
0,05 | 0,598 | 71,8 0,05 | 0,590 | 72,2
X 0,604 | 70,6 0,06 | 0,595 | 71,6
0,07 | 0814 | 695 0,07 | 0,607 | 70,2
0,08 | 0,628 | 680 0,08 | 0,621 | 68,7
0,10 | 0,663 | 64,5 0,10 | 0,656 | 65,0
012 | 0,702 | 608 0,12 | 0,697 | 81,1
0,000 | —120 0 0,02 |.0683 | 62,5 0009 | —6° | —3;, | 0,02 | 0659 | 64,8
0,03 | 0,608 | 70,5 0,03 | 0,58 | 72,8
0,04 | 0,679 | 73,5 0,04 | 0,559 | 76,3
0,05 | 0571 | 74,7 0,05 | 0,551 1 774
0,06 | 0,678 | 4,5 0,06 | 0,553 | 77,2
0,07 | 0,581 | 73,5 0,07 | 0,560 | 76,2
0,08 | 0591 | 72,3 0,08 | 0,570 | 74,9
0,10 | 0,620 | 6838 0,10 | 0,597 | 71,5
012 | 0652 | 655 0,12 | 0,628 | 679
Table 4.
b | A o® 10% kg 10%- k,, 10%- kyy,
keafo.= 0,15, &, =0° p =0 2 -+ 0,0260 +53 — 0,080 -+ 0,634 +1,265
5 —0,0111 —09 + 0,081 -+ 0,725 +0602 | ps
8 —0,0488 —17,1 0,201 - 0,854 — 0,086 i‘g
11 — 0,0868 —13,1 -+ 0,643 + 0,920 — 0,782
14 —0,1248 —18,9 40,837 + 0,923 — 1,524
keafo = 0,15, $,=—6% p =0 6 +0,0290 + 56 —0,072 + 0,456 + 1,191
9 —0,0092 —0,8 0,080 40668 +0,686 | s o,
12 —0,0470 —6,8 0,268 40,818 —0,074 2
15 —0,0852 —128 -+ 0,455 -+ 0,906 — 0,754
18 —0,1232 —19,4 40,703 + 0,931 — 1,569
ksalor; = 0,15, 8, = 0°, p = —2/, 2 + 0,024 4,8 -—0,032 40,325 + 0,955
) 4 -+ 0,001 1,0 40,062 0,504 -+ 0,641
6 — 0,022 —27 -+ 0,159 40,645 +0289 | @
8 — 0,045 —6,5 40,271 0,750 —0,105 »E
10 — 0,068 —101 -+ 0,401 0,818 — 0,502
12 —0,091 —138 -+ 0,667 0,849 —0,931
14 —0,114 —17,3 + 0,711 0,844 —1,301
keafo = 0,10, #, =0° p =0 —1 -+ 0,0474 483 — 0,042 40,156 -1 0,886
1 -+ 0,0220 42 40,015 -+ 0,274 -+ 0,639
—0,0032 01 -+ 0,085 -+ 0,364 +0369 | p
- 5 —0,0288 —4,1 40,166 -} 0.426 +0,066 1£-
7 —0,0538 —8.2 - 0,264 -+ 0,481 —0,259 | -
9 —0,0791 —12,2 + 0,375 -+ 0,468 — 0,685
11 —0,1043 —186,1 + 0,497 + 0,447 —0,938
keafo = 0,20, §, =0° p=0 4 + 0,0188 443 —0,139. -+ 1,000 + 1,742
6 — 0,0064 +0,1 -+ 0,018 41,163 41,184 .
8 —0,0318 —4,1 0,193 -1-1,200 +0592 | Fig-
10 —0,0671 —8,1 40,387 1,409 —0,020 19
12 — 0,0826 —121 -+ 0,600 4+ 1,491 — 0,600
14 —0,1076 —160 + 9,831 41,545 — L2156
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