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INCLUDING A COMPARISCN WITH THEORY

By Alfred Cessow and Garry C. Myers, Jr.

SUMMARY

The results of glide performance tests conducted on & test
helicopter with its originel production blades in the autorotation
condition are presented. The dsta were reduced to coefficient
form, and performance at stenderd sea-level conditions was calculated.
The experiuentally determined rotor drag-lift ratios were compared
with theoreticel calculations, and a similer comparison wes made for
previously obtained power-on flight data. In addition, the improve-
ment in power-off (autorotetion) performance that results from
opernting with asrodynamically clesner blades was investigated.

The helicopter wes found to have a minimum rate of descent at
sea level of 1080 feet per minute at an airspesd of approximately
40 miles per hour. The maximum lift~drag ratio of the helicopter
was 3.9, end the highest lift~drag ratio obtained for thse main
rotor wos 6.7. Good sgreement between theory end experiment was
obtained when theoretical calculations were based on a profile~drag
polar that corresponded to "rough" airfoil sections. Inasmuch as
similar agreement was obtained between theoretical and experimental
data in power-on level flight, the theory is considered useful in
extending the aveilable rotor deta from one condition to the other.
It was found that the use of serodynemically cleaner blades resulted
in gignificant gains in gliding performence. For the helicopter
tested it appeared that a 22-percent recuction in profile=-drag

coefficient would result in a %-percent reduction in the minimum rete

of descent.
THTRODUCTION

Flight tests are being conducted by the Flight Research Division
of the Langley Laboratory on a conventional single-rotor helicopter
as part of a general program of helicopter research. These tests
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include performnnce measurements in level flight, hovering, glides,
end climbs, end cemera observations of blede motion in selected
conditicns. This paper presents the results of power-orf
(autorotation) perifornence measurements that were made with the
original production set of main-rotor blades.

In the event of power failure the helicopter rolor becomes,
in effect, an autogiro rotor. OSafety end deeign considerations
meke this autorotative condition important to the helicopter
designer. Data obtained with the tegt helicopter in autorotation
were taken in ordsr to provide Information which could be used
in improving the autorotative characteristics of helicopters. The
tests also provided en opportunity to compare ths same rotor in
the power-on end sutorotative comditlions, without the introduction
of uncertainiies due to differenceg im biade parameters which ere
present when two diffeiwat rotcrs ars tested end compared in the
two conditions. The gliide data thus permitted a check of the
theoretically predicted rotor dreg-lift yetios in both power-on
and powsr~off flight: Once the relaticuship between the two
conditicns is ectablished, the available informetion on the autogiro
and the helicopter becomes interreleated.,

STMBOLS
W gross weligaht of helicopter, pounds
Ve calibrated airspeed (indicated eirspoed corrected for

Instrument and Insteilation srrors) can be considered

equal to 'VU/D/QO in the present case), miles per hour

v true airspeed, miles per hour

Vh horizontal component of true alrspeed, miles per hour

Vo rate of descent; vertical component of true airspeed,
fest per minute

R rotor-blade radius, feet

Q rotor angular velocity, radians per second

o) mass density of air, slugs per cubic foot

po mass denviﬁy of air at sea level under standerd conditions
(0.002378 slug per cubic foot)
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1) tip-speed. ratio (V cos"g?
QR
o rotor angle of attack; angle between projection in plane
of symmetry of axis about which there is no cyclic
pitch change and a line perpendicular to flight
path, positive when axis is pointing rearward, degrees
op fuselage angle of attack; angle between relative wind and
a line in plane of symmetry and perpendiculsr to
main-rotor~shaft axis, positlve when nose is up,
degrees
Aat, correction to fuselage angle of attack to allow for
rotor downwash, degrees (assumed equal to -57.3Cr,/4)
ar,, corrected fuselage angle of atiack, degrees (ap + Aap)

[Fusele

fuselage lift coefficient (Fh”ilége %ift¥
4 =oV=aR /
b

Migelage dra
fuselage drag coefficient <Fvsel g8 & %)

%‘QV 2xRe

glide-path angle; that is, angle of which tangent is rate
of descent divided by horizontal camponent of velocity,
degrees

W cos 7
wmecorrected rotor lift coefficlent { 5 1,
EpVexRe

2 L,
rotor l1ift coefficlent (CLuncor = CLf)

rotor 1lift, pounds (W cos y - fuselage 1ift)

T_, Y
otor thrust otnds '
& ) P <;os<1)-

rP \.
thrust coefficient T
<;R29(Cm)2>

over-all drag-lift ratio of helicopter (tan y)

arasite drag of fuselage, rotor head, and blade shanks,
divided by mein-rotor 1lift
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shaft power paremaster (The symbol P 1s equal to the rotor-
ghaft power divided by the velocity along the flight path;
in esutorotation, P/L 13 negative and represents the
powecr supplied by the rotor to overcome the gearing end
bearing frictional losses and to drive the tail rotor)

g

( ) indvced dreg-1ift ratio (teken herein as Cr/4)

(—) rotor profile drag-lift ratio
o}

D drag-1ift ratio of main rotor; that is, ratio of
X equivalent drag of main rotor to rotor Llift

., ®)

be
o solidity (/—~§> (for the present case, o = 0.060)
nR
N / R
///w crgdrx\
c equivalent chord { YO

@ local chor
r radius to blade elecment
a slope of curve of 1lift coefficient against section angle of

attack (radian measure; assumed equal to el 1)

Cq blade section profile-drag coafficient

o]
aq blade cection angle of attack, measured from zero 1ift, radians
O rege main rotor-blade pitch, uncorrected for play

in linkage or for mean blade twist, degrees

APPARATUS AND TEST PROCEDURE

The tests were conducted with a Sikorsky HNS-1 (YR-LB) helicopter,
the dimensions and pertinent characteristics of which are shown in
figure 1. Other particulars, including a detailed description of the
fabric-covered original main-rotor blades, ere given in references 1
and 2.
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Quantities measured during the power—off glide tests included
the following:

Alrsgpeed Free—air gtatic pressure

Rotor speed Main--rotor pitch

Main-rotor--shaft torque Tail-rotor pitch

Tail-rotor—shaft torque Attitude angle (shaft inclination)
Free—air temperature Cyclic—pitch control position

The methods by which these quentities were obtained are discussed
in reference 1.

In gliding flight the quentities which most critically affect
the accuracy of the resvlte are airspeed and rate of descent,
and they are therefore considercd worthy of special discussion.

Alrspeed was determined by means of a freely swiveling pitot—
static installation mownted on the end of a long boom in front
of the fuselege, the airspeed head beizng about two feet in front
of the main rotor diek ({ig. 2). The installation was calibrated
by means of a trailing pitot-.static "bomb" suspended approximately
100 feet below the rotor. The calibraticn data obtained are shown
in figuve 3.

Atmospheric pressure measurements that were necessary for
calculaticn of rates of descent were continuously recorded through—
out each run.

Flight procedure consisted in meking glides from about
55000 feet to 3,000 feet pressure altitude, the airspeed and pitch
setting being held constant. Variations in thrust coefficient were
achieved by cperating at different pitch settings and therefore at
different rotational speeds.

REDUCTION OF DATA

Rotor drag-1ift ratios (D/L), were calculated from the genersl
performence equation expressed in coe*flclent form asg
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For each test point, values of (D/L)g, P/L, end (D/L), were

determined from meesuwrements teken. Values of (D/L)g, which

represent the tengent of the angle of gllde, wers calculated from
the airspeed and rate of descent. These rates of descent were
calculatsd by meens of plots of stetic piessure against time
together with a mean free-alr temverature value for the descent.
With the rotcr in autorotation, P/L. is a small negative quentity
that represents the power supplied by the rotor to overcome the
gearing and bearing frictionel losses and to drive the teil rotor.
Thie quantity P/L wag determined from recorded shaft torque and
rotor rotational speed. Valuesof (D/L)p were calculated with
the aid of full-scele wind-tunnel tests on the fuselage end hudb

of the test helicopter (fig. 4). The main-rotor drag-lift ratio
was then calculatied as

He)
e L)

[

(D\ . (2) -/D\
L \L) (“’/Ip“-

The metiicd of reducing the data to coefficient form parallels
that of reference 1. Certain of the assumptions used in the levsl-
fiight enaliysis were mcdified, however, to comply with gliding-
flight conditions end are as follows:

(1) Rotor 1lift is calculated by multiplying the helicopter
gross weight by the cosine of the glide angle and subtracting the
fuselage 1ift. Rotor thrust, which was considered equal to rotor
1ift in level flight, was assumed equal to rotor 1lift divided by
the cosine of the rotor amgle of attack a, the value of a
being determined as in reference 1l.

(2) The dvag force on the tell rotor was found (by the method
used in reference 1) to amount to less than 1 percent of the fuselage
drag in the autorotation condition and was consequently neglected.

RESULTS AND DISCUSSION

The test data are presented in table I, Drag-lift ratios end
other parameters derived from the data are given in table II.

Helicopter glide verformance.~ In order to obtain the varlation
of helicopter rate of descent with airspeed, unaffected by variations
of weight end density, the experimentel date were first plotted in

the coefficient form shown in figure 5. The abscissa, 1/,/Cy,
is a velocity parameter which is directly proporticmsl to the true
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veloclty and which effectively resolves verilations of weight and
density lnto equivalent velocity changes. The data sre grouped
according to thrust coefficiente but, because of the limited data
available end the scatler in the data which covered any trend with Cp,
a single curve was drawn to represent sn average thrust coefficient

of 0.0052 (average weight 2520 1b, %_ = 0.92). The data indicate

0
a minimum value of (D/L}g of 0.26 in the range of 1/|/Cy,

between 2.0 to 2.2 corrssponding to a maximum velue of lift~drag
ratio of 3.9 at aporoximately 65 miles per hour.

The nondimensional data of figure 5 can be expressed in terms
of rate of descent and velocity for eny desired combination of
weight and air density. In figure 6, the faired experimental curve
of figure 5 has been reduced to standard conditions, that is, normal
gross weight of 2520 pounds end sea-level density.

At sea-level conditions and normal weight, figure 6 shows that
the test helicopter has a minimum rete of descent of 1080 feet per minute
at about 40 miles per hour, This speed corresponds to the speed range
between 40 and 45 miles per hour for minimum power in level flight.
(See fig. 8 of reference 1.) The m¢n1vam angle of glide can be found
from figure 6 to be approximately 14° snd to occur at a rate of descent
of llOO fect per minute and at an airspeed of approximately 64 miles
per hour.

“In cbtaining the present flight data,emphasis was placed upon the
determination of the glide characteristics over the higher speed range,
that is, minimum rate of descent and minimum angle of gllde. A few
measureme: t® were a2lso made In vertical descent. As a result of the
difficulty in holding zero horizontal speed, howsver, the maximum rate
of descent obtained, 2140 feet per minute when reduced to sea~level
conditions, may have been as much as 10 percent too low because of
the presence of some horizontael veloclty during the measurements.

The effect of small horizontal velocitles on the rate of descent in
autorotation can be estimated from figure 7, which presents glide

data obtained with the PCA-2 autogiro (reference 3). The figure
indicates that horizontal airspeeds between 5 and 10 miles per hour

cen effect a reduction in the rate of descent of the order of 10 percent.

Rotor drag=1ift ratios.~ In order to study the efficiency of
the rotor itself, the D/L equivalent of the fuselage and residual
shaft power losses have been subtracted from the over-all drag~lift
ratio (D/h)g, as described in the section 'Reduction of Data.'
The resulting rotor drag-lift ratios are plotted in figure 8 against
the velocity parsmeter l/VféL. The lowest average value of measured
main-rotor D/L shown in the figure is about 0.15, corresponding
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to an L/D of 6.7. Tnaesmuch as the trend of the data does not
appear to indicate that a minimum has been reached, higher L/D's
might be expected at hizher sneeds.

Comperison of rotor dreg-lift ratio with theory.- Theoretically
predicied values of (D/L)r are compared with flight data in fig-
ure 8. Tnasmuch as the experimentel data showed no trend for the
variation of (D/L),, with Cp (because of the small renge of Cnp's
covered in the tests, the limited data taken, and the scatter smong
them), theoretical (D/L), curves representing en average Cn
of 0.0052 were drawn.

The theorstical curves were calculated from the performance
charts of reference 4, which were extended to include tip-speed ratios
equal to 0.10, Thiese charts are based on a blade-—section profil
drag polar represented by the equation

cg,, = 0.0087 — 0.0216 ag + 0.400 ag>

This variation of drsg coefficient with section angle of attack
is reprcsentative of comventionsl, semismooth airfoils (smcoth
airfoils increased by a roughness factor of 17 percsnt). Thecry
based oa such a drag polar may properly be called "semismooth
blade" theory end the curve is labeled as svch in figure 8.

In order, however, to take into account the imperfect profile and
deformable surlfaces of the fabric—covered blades tested (see
reference 2), the theory was also calculated by increasing the
rotor prorile drag-lift ratios obtained from the performance charts
by 28 percent, thus allowing a total roughness factor of 50 percent.
The "rough-blade" theorstical curve in figure 8 was calculated in
this menner.

Good agreement between the average experimental rotor drag-
1ift retios and thne rougiplade theoretical valuss is indicated
by figure 8. The difference betwecen the two theoretical curves in
the figure shows that the 1lift and drag characteristics of the
rotor-blade sections must be knowa in ordsr tc predict the rotor
performance with sufficient accuracy.

It is interesting to determine whether the same theory that
was used for the autorotational conditicn could be used to predict
the performance of rotors in the power—on condition. Tevel-flight
data, obtained with the same set of blades used in the autorotation
tests, afford an excellent opportunity tc check the thecry in the
two flight conditions. From this data, the influence of secondary
effects due to differences in tlade construvction and solidity which,
for example, might be present if two different rotors were tested,
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is elimincted. Experimental drag-1lift ratlios, obtained at en everage
Cp = C.0004 and tuken from reference 1, are compared with results

ovtained by the rough-blade theory in figure 9. The figure indicates
good agreement between theory and experiment for level flight, as was
true in the scutorotative case shown in Tigure 8.

In additlon’to pregenting a comparison between theory and
experiment, figures 8 and 9 show that the theoretlcal calculations
predict Touor perfcramence in the two conditions with sufficient
accuracy to make the theory useful in extending the scope of heli-
copter and autogiro rotor data to either opsrating state.

“Performence gains_to_he expsctzd withl smoothsr blades.- Rotor
drag=1ift ratios ovtained fwrom- Tyii-scele~tranol tesis on a rotor
with rolatively smooth plywood-coversd blades sre compared in
Tigure 10 with values calculated for semirmooth blades. The agree-
ment shown sugzeste thab if smooth, rigid-surfaced blades were used
on the test helicopter, the resvlting psrformance would be in
similar agreement with the cuxrve besed on use of gemismooth blade
thecry chcwn in figure 5. Thﬁ improvemsnt in the glide performance
of the haliccptor eguipped with rotor biadss aerodyaomically clieaner
shown Lw figwre 11, The curve In
blades' V,rrcsponup to the measured

cn figvre 6, whervas the curve adjusted
lculated by redvcing the measured rate
Y

then tha original blades is
figume 1Y 1abeled.'0?1pl nal
performzace and was taken fr
for semismcoti blades was ca
of desscent by an amcunt equl
fig. 8} betwesn the theoretica
end the svmiomootu blades. Th

fe

ST

ient to the difference (shown in

1 valuwes of (D/L), for the rough

usg, the minimem rete of deecent would

et ver minute and the minimum glide
cent if cleaner blades were used.

be reduced fiom 1080 to 1010
engle would be reduced by 9 p

In order to eveluate properly the improvement in glide performance
effected by a reduction in rotor profile drag, the contribution of
the parssgite end induced drag losses are also shown in figure 11. It
can be seen that a hs licopter wita a light disk loading and a cleaner
fuselage would benefit more, ¢n a percentage basis, from an increase
in blade clearness than the Aeljcopte“ under test. For exsmple,
the 22-percent reduction in ths rotor prcfile drag due to changing
to semismooth blades would resvlt in a reduction of 70 feset per

minute or 6% rercent in the minimum rate of descent of the helicopter

tested, II the rates of descent dve to the parasite end induced drag
were remcved, however, the minimum rate of descent would become

500 feet per mﬁnutp. In this case the 70 feet per minute would
represent 1L percent of the minimm rate of descent. A 22~percent
reduction in rotor profile dreg may thus decrease the minimvm rate of
descent as wmuch as 14 percent, depending on the amcvunt of induced
and parasite losses present.
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CONCLUSINS

From the data obtained with a conventional single-rotor heli- ‘
copter as tested in autorotation and the accompanying theoretical
analysis, the following conclusions are indicated:

1. For operation at sea level, a minimum rate of descent of
1080 fect per minute was obtained at an eirspeed of ebout 40 miles
per hour.

2. '‘he maximum lift-dreg r1atio of the helicopter as tested
was 3.9. The highest lift-drag ratio obtained for the main rotor
over the available spesed range was 6.7.

3. Good agreemsnt between theoretical and experimental auto-
rotation performance wes obtained when theoretical calculations were
based on a profile-drag polar correspoading to "rough" airfoil
sections. : i )

L. The same theory can satisfactorily predict the performance
of a rotor in both the powsr-off and powsr-on flight conditions.

5. ©Since theory can sstisfactorily predict rotor performance in
both the eutorotation aad powsr-on conditions, it is considered

useful in extending the availlable rotor data from cne condition to P
the othoer.

6. Significant improvement in gliding performance appears
possible with improved blade contour and surface condition. For
the helicopter tested, a reduction of 22 percent in profile-drag
coefficient (obtained by operating with "semismooth" instead of

"rough" tlades) would result in a eé-percent reduction in the minimum
rate of descent.

Lengley Memorial Aeronautical Laboratory
National Advisory Cormittee for Aeronatics
Langley Field, Va., February 17, 1G47
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TABLE I

SUMMARY OF FLIGHT DATA IN AUTOROTATION

Cali- True Shaft Center
Test| brated [ Density| air- | Gross [Rotor|Rate of| Atmos- |Free-air|Main |Teil |Pitch angle| inclin=|of gravity| Stick Stick Yaw
alrspeed | ratio,|speed,|weight,| speed|deacent| pheric temper=~ | rotor| rotor (de, ation | position,|position,|position,| angle
¥ p/ Py v W (rpm)| v, pressure| ature |power|power|Msin | Tail | (nose ahead of | forward left (deg;
(mph) g (mpn) | (1b) (£pm) (1&3@ (°F) | (np) |(np) |rotor|rotor %3:3 ?;f; (tz)-) (%x;)-)
2 46.1 0943 475 | o546 230 | 1080 28.78 70 S5 | 3.7 2.5 |-0.8 2. 0.6 2.5 1.4 9.3
2 54 .1 Eenn 55.7 | 2578 224 | 1176 28,98 3 =3.2 | 36 | 3.0 |=34 Eiak S 1.5 6.9
3 48.1 95 k9.5 | 2569 218 | 1260 28.99 3 b | 3.5 | 3.1 (=34 33 1.3 mm—————— A6 10.6
4 51 .0 9kl 52.6 | 2561 225 | 1250 28.91 3 4.6 | 3.4 | 2.8 [-2.9 3.4 B T 1.4 2.4
5 Lk7.0 969 7.7 | 2498 214 | 1035 27.38 30 =52 | 3T | 3.1 |-1 4 1.9 2.0 1.8 Asl 0.9
6 Lo 931 43.9 | 2533 223 | 1080 28.27 67 4| 3.0 | 3.5 |13 0.9 0.8 2.5 1.3 0.7
7 531 929 55.1 | 2527 225 | 1240 28.33 70 =50 | b1 | 3.7 |16 2.4 0.9 32 15 0.7
8 6k .1 938 66.2 | 2515 225 | 1540 28.7h T2 =6.0 | 3.1 | 3.5 [-19 L 1.0 3.5 1.5 1.5
9 53.6 92k 55.8 | 2503 208 | 1190 28.30 72 46| 2.9 | Bl [-1.8] 3.1 T 343 1.6 0
10 5543 927 5T.4 | 2491 232 | 1275 28.38 L =5 | 4.0 | 2.9 [-1.7 340 1.3 2.6 1.0 =0.2
33 66.7 935 69.0 | 2485 226 | 1600 28.54 n =5.0 | 41 | 3.5 =19 4.8 1.4 3d 1.2 0.6
12 54 .6 939 564 | 2479 197 | 1306 28.77 T2 43| 29| 48]-1.7] 3.1 1.k 333 1.6 0.3
13 38.2 787 k3.1 | 2478 | 218 | 1290 22,62 38 53| 29| 40|16 2.0 1.4 2.0 15 =3.7
14 40.2 871 43.1 | 2478 210 | 1184 25.25 k45 5.2 29 | 4.0 |-1.6 2.0 1.k 2.0 15 -1.6
15 43.6 948 Ly .8 | 2478 225 | 1170 28.00 52 56| 29| 2.9 |-1.5 2.3 L 19 430 -2.5
16 65 .0 .883 69.2 | 2523 220 | 1520 27.10 T3 | ==--- === | 3.6 |-2.9 k.3 0.5 3.8 1.9 =3.7
17 64 .9 892 | 68.7 | 2505 | 220 | 1450 | 27.40 73 | eeee- == [ 3.7 [=3:0| 45 0.7 35 1 =3k
18 69 .0 923 | 71.8 | 2571 | 222 | 1620 | 28.69 80 |----- wmee pemem feeee | 505 1.2 L. LG 1.8
19 6k .7 906 | 68.0 | 2571 | 225 | 1470 | 28.20 80 |==--- Bl el IR 10X 1.2 36 1.8 b
0 3.7 .913 771 | 2559 226 | 1650 28.42 80 5.7 |==== | 4.3 |-1.T 6.2 1.3 3.5 1.9 249

ACyclic pitch variation, in degrees from mesn value 1is 1.25 X stick position.

NATIONAL AIVISORY
COMMITTEE FOR AERONAUTICS

L9Z2T *ON NI VOVN

at




TABLE II

ROTOR IRAG-LIFT RATIOS AND RELATED PARAMETERS

IERIVED FROM AUTOROTATION FLIGHT DATA

ek Y PR ORI 1 P (TR cR1 fo ol s | |2 | on | ST (B |(/g (/) (O (100)
1 | 461 47.5| 1080 2.5 |10 [0.150| 0.399 | =5.T| 72 |-0.001 l0.39816 .63 |0 .0047 [0.0273 |-0.015|0.268 |0.045 0.208 |15.0
2 | 54,1 55.7 | 1176 3.0 8 182 295 | -k.2| 6.6 | -.001[ 294 [4.90| .0050| .0290| -.012 248 | 060 | .176 |13.9
3 | 48.1| 49.5| 1260 31 | 11 164 366 | -5.2| 8.3 | -.001| .365[6.08| .0052| .0302 -.013| 302 | 049 | .240 |16.8
4 {51.0| 52.6 | 1250 2.8 || 10 170 327 | -bo7| 76 | =e002] 325(5.42 .0049| .0285| -.013| .281 054 | .22k (157
5 | 47.0| 7.7 | 1035 3.1 | 10 162 379 | 54| 7.0 | =001 2378 6.30| «Qo52| .0302| -.013| 255 | 0T | 195 1k4.3
6 | k24| 43.9 | 1080 35 |12 JAk2 468 | -6.7| 8.6 | -.002| 1466|777 | 0050| <0290 | -.015 ,291 | 039 | 237 [16.2
7 |53.1) 55.1 | 1240 3T 9 179 299 | -.3| 8. | -.001| .298{4.97 Ock9| .0285| -.013| .264 | 061 | .190 14 .8
8 |64.1] 66.2| 1540 35 T 215 o0k | -2.9| 8.3 | -.002| .202|3.37| 0048} 0279 | -.011 274 | 090 | 173 {153
9 |53.6] 55.8 | 1190 4y 1 196 291 | -k.2| 6.7 | -.00L| .290|k4.83| .005T| 0331 -.010 2k9 | 062 | 77 |14:0
10 |55.3| 574 | 1275 2.9 9 .180 272 | 3.9 7.7 | -.001| o271|k.52 Q6| 0267 | -.013] .261 067 | 181 |14-6
1 | 66.7| 69.0 | 1600 35 T 223 186 | -2.6| 7.8 | -.00L| .185|3.08f .0048| .0279| - 011 27 | 098 | 165 [15.3
12 |54.6] 56.4 | 1306 4.8 8 .208 276 | -h.0| 8.2 | -.001| .275|4.58] .0062 0360 | =.009| .27k | 066 | .199 [15.3
13 |38.2| 43.1| 1290 4o | 16 JAho 550 | 7.9 00 | -.003| S54T|9.12 ,0060| .0349| -.016| .362 | 033 | 313 |19 9
1k | Lbo.2| ¥3.1 | 1184 Lo | 1k 148 502 | ~7.2] 9.0 | -.002] .500|8.34| 0059 0343 | -.014| o329 | 036 | 279 18.2
15 |43.6] 4.8 | 1170 2.9 |13 A43 429 | 6.1 8.9 | -.002( 427[7.12 .00k7| .0273| -.016| .312 | .O0k2 254 |17.3
16 |65.0| 69.2 | 1520 3.6 6 .231 199 | -2.9( 7.3 | -.001| .198/3.30| .0053 .0308| -.010| .259 08 | .160 [14.5
17 | 64.9| 68.7 | 1450 37 5 229 199 | 29| 6.5 | © .199|3.32| .0052| .0302| -.01C 248 1 .08 | kg 1139
18 |69.0| 71.8 | 1620 | ----- 5 .38 180 | -2.6| 6.8 -.001| .179[2.98| .0051| .0296| -.009 266 | .106 | .151 |14.9
19 |64.7| 68.0 [ 1470 [ ==--- 5 .222 205 | -2.9| 64| O .205/3.42| 0051 .0296| -.010| .253 | <092 A51 | 1k.2
20 [73.7| 77.1| 1650 L3 | & 252 158 | -2.3| 8.8| O 158| 2.63| 0050 .0290| -.008| .2k9 | 120 21 [1k.0
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Figure 1,- Dimensions and charecteristics of test helicopter,
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NACA TN No. 1267

(a) Genersal view,

(b) Close-up view of airspeed head.

Figure 2,- Airspeed boom &nd detalls of pitot-static and
flow-asngle pressure-tube installations.
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Figure 3.,- Calibration of airspeed-recording lnstallation.
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Fig. 4 NACA TN No. 1267
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Figure 4,- Fuselage drag and 1ift coefficients (based on
rotor-disk area) obtained in Langley full-scale tunnel
and used in reduction of data for test helicopter,
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Figs. 6,7 NACA TN No. 1267
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Figure 6.- Autorotative performance of test helicopter
reduced to standard sea-level conditions, derived from

faired curve of figure 4, Gross weight, 2520 pounds.
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Figure T.- Effect of horizontal velocity on autorotative

rates of descent (from reference 3).
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Figure 8,- Comperison of experimental and theoretical main-rotor drag-lift ratios for test
helicopter in 2utorotative flight, Theoretical curves computed for average CT = 0,0052,
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Figure 9.- Comparison of power-on experimentel 2nd theoreticzl mein-rotor dresg-1lift ratios
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Figure 10.- Comparison of experimental and theoretical drag-lift ratios for a plywood-
covered rotor in autorotation.
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Figure ll,- Effect of main-rotor profile dreg on autorotative glide performance. The
increment between "original blade" and "semismooth" blade curves was calculated

theoretically.
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