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SIM4ARY 

The results of glide performance tests conducted on a test 
helicopter -with its original production "blades in the autorotation 
condition are presented. The data were reduced to coefficient 
form, and performance at standard sea-level conditions was calculated. 
The experimentally determined rotor drag-lift ratios were compared 
with theoretical calculations, and a similar comparison was made for 
previously obtained power-on flight data. In addition, the Improve- 
ment in power-off (autorotation) performance that results from, 
operating with aerodynanically cleaner "blades was investigated. 

The helicopter was found to have a minimum rate of descent at 
sea level of lOBo feet per minute at an airspeed of approximately 
kO  miles per hour. The maximum lift-drag ratio of the helicopter 
was 3.9, and the highest lift-drag ratio obtained for the main 
rotor wee 6.7« Good agreement "between theory and 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 available rotor data from one condition to the other. 
It was found that the use of aerodynamically cleaner blades resulted 
in significant gains in gliding performance. For the helicopter 
tested it appeared that a 22-percent reduction in profile-drag 

coefficient would result in a £i-percent reduction in the minimum rate 

of descent. 

INTRODUCTION 

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 performance measurements in level flight, hovering, glides, 
and climbs, and camera observations of blade motion in selected 
conditions. This paper presents the results of power-off 
(autorotation) performance measurements that were macLe with the 
original production set of main-rotor "blades. 

In the event of power failure the helicopter rotor "becomes, 
in effect, an autogiro rotor. Safety and design considerations 
make this autorotative condition important to the helicopter 
designer. Data obtained with the test helicopter in autorotation 
were taken in order to provide inf orstation which could be used 
in improving the autorotative characteristics of helicopters. The 
tests also provided an opportunity to compare the same rotor in 
the power-on end autorotative conditions, without the introduction 
of uncertainties due to differences in blade parameters which are 
present when two different rotors are tested and compared in the 
two conditions. The glide data thus permitted a check of the 
theoretically predicted rotor drag-lift ratios in both power-on 
and power-off flight. Once the relationship between the two 
conditions is established, the available information on the autogiro 
and the helicopter becomes interrelated. 

SYMBOLS 

W gross weight of helicopter, pounds 

Vc    calibrated airspeed (indicated airspeed corrected for 
instrument-and installation errors$ can be considered 

equal to V|/P/PQ in the present case), miles per hour 

Y true airspeed, miles per hour 

V^   horizontal component of true airspeed, miles per hour 

v"T   rate of descent j vertical component of true airspeed, 
feet per minute 

K rotor-blade radius, feet 

Q rotor angular velocity, radians per second 

p mass density of air, slugs per cubic foot 

p mass density of air at sea level under standard conditions 
ü (0.002378 slug   per cubic foot) 
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CDf 

tip-speed ratio (^"^ ) 

a       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 perpendicular to 
main-rotor-shaft axis, positive when nose is up, 
degrees . 

Act,     correction to fuselage angle of attack to allow for 
rotor dovnwash, degrees (assumed equal to -57 •SCjjfo) 

ctf      corrected fuselage angle of attack, degrees (a^ + Aa^) 

Or      fuselage lift coefficient pelage lift\ 
^ *   Jp^rtR2 ) 

2 

fuselage drag coefficient    [ -—~—-—°\ 

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

/W cos y\ 
OT uncorrected rotor lift coefficient   ( ;    ~    ' 
^uncor l^p^rtE2 

CL rotor lift coefficient    (CT - C]^, j 

L rotor lift, pounds     (W cos y  - fuselage lift) 

T rotor thrust, pounds    ( ) '  * \cos a/ 

Cm thrust coefficient   {—-—rrrrrri T W2p(QR)2J 

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

parasite drag of fuselage, rotor head,  and "blade shanks, 
divided "by main-rotor lift 
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P    shaft power parameter (The symbol P Is equal to the rotor- 
L      shaft povrer divided "by the velocity along the flight path; 

3n auborotaticn, P/L is negative and represents the 
power supplied by the rotor to overcome the gearing and 
"bearing frlctional losses and to drive the tail rotor) 

/ 2\   indviced drag-lift ratio (taken herein as Q^/k ) 

rotor profile drag-lift ratio 

drag-lift ratio of main rotor; that is, ratio of 
equivalent drag of main rotor to rotor lift 

(©/(a) 
solidity  I —2. j  (for the present case,    a =* O.06O) 

itE/ 

cr^dr^ 

ce    equivalent chord 

r2dr 

c    local chord 

r    radius to "blade element 

a    slope of curve of lift coefficient against section angle of 
attack (radian measure) assumed equal to 5*73) 

cä   "blade section profile-drag coefficient 

<x0   "blade section angle of attack, measured from zero lift, radians 

0m   average nsaix* 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-ltf3) 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, are given in references 1 
and 2. 
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Quantities measured during the power-off glide tests included 
the following: 

Airspeed 
Rotor speed 
Main—rotor—shaft torque 
Tail—rotor-shaft torque 
Free-air temperature 

Free-air static pressure 
Main—rotor pitch 
Tail—rotor pitch 
Attitude angle (shaft inclination) 
Cyclic—pitch control position 

The methods "by whioh these quantities were obtained are discussed 
in reference 1. 

In gliding flight the quantities which most critically affect 
the accuracy of the results are airspeed and rate of descent, 
and they are therefore considered worthy of special discussion. 

Airspeed was determined by means of a freely swiveling pitot- 
static installation mounted on the end_of a long boom in front 
of the fuselage, the airspeed head being about two feet in front 
of the main rotor disk (fig. 2). The installation was calibrated 
by means of a trailing pitot;Static "bomb1' suspended approximately 
100 feet below the rotor. The calibration data obtained are shown 
in figure 3. 

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

Flight procedure consisted in making glides from about 
5,000 feet to 3,000 feet pressure altitude, the airspeed and pitch 
setting being held constant. Variations in thrust coefficient were 
achieved by operating at different pitch settings and therefore at 
different rotational speeds. 

REDUCTION OF DATA 

Rotor drag—lift ratios (D/L)r were calculated from the general 
performance equation expressed in coefficient form as 

E 
L 

SWr + Vl4,  ^4 
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For each test point, values of (D/L)g, P/L, end (l>/L)p vere 

determined from measurements taken. Yalues of (D/L)g, 1*111011 

represent the tangent of the angle of glide, were calculated from 
the airspeed and rate of descent. These rates of descent were 
calculated by means of plots of static pressure against time 
together with a mean free-air temperature value for the descent.. 
With the rotor in autorotatlon, P/L is a small negative quantity 
that represents the power supplied "by the rotor to overcome the 
gearing ana bearing frictional losses and to drive the tail rotor. 
ThiB quantity P/L was determined from recorded shaft torque and 
rotor rotational speed. Values of (n/L)p were calculated with 

the aid of full-Bcale wind-tunnel tests on the fuselage and hub 
of the test helicopter (fig. h). The main-rotor drag-lift ratio 
was then calculated as 

Wr " Wg " Wp 
+ L 

The method of reducing the data to coefficient form parallels 
that of reference 1. Certain of the assumptions used in the level- 
flight analysis were modified, however, to comply with gliding- 
flight conditions and. are as follows: 

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

(2) The drag force en the tail rotor was found "(by the method 
used in referenoe l) 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 and 
other parameters derived from the data are given in table II. 

Helicopter glide performance.- In order to obtain the variation 
of helicopter rate of descent with airspeed, unaffected by variations 
of weight and density, the experimental data were first plotted in 

the coefficient form shown in figure 5. The abscissa, 1/\/CL 

is a velocity' parameter which iß directly proportional to the true 
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Telocity and which effectively resolves variations of weight and. 
density into equivalent velocity changes. The data are grouped 
according to thrust coefficients 'but, "because of the limited data 
available and the scatter in the data which covered any trend with Oj, 
a single curve was drawn to represent an average thrust coefficient 

of 0.0052 (average weight 2520 lb,  £- = 0.92). Th© data indicate P° /  
a minimum value of (D/L)g of 0.26 in the range of l/l/Cj, 

between 2.0 to 2.2 corresponding to a maximum value of lift-drag 
ratio of 3.9 at approximately 65 miles per hour. 

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

At sea-level conditions and normal weight, figure 6 shows that 
the test helicopter has a minimum rato of descent of IO80 feet per minute 
at about ^0 miles per hour. This speed corresponds to the speed range 
between kO  and k^> miles per hour for minimum power in level flight. 
(See fig* 8 of reference 1.) The minpjc.ua. angle of glide can bo found 
from fi£-are 6 to be approximately Ik-0  end to occur at a rate of descent 
of 1^00 feet per minute and at on airspeed of approximately 6k miles 
per hour. 

"In obtaining 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 glide. A few 
measurement* were also made in vertical descent. As a -result of the 
difficulty in holding zero horizontal speed, however, the mnxlmmi rate 
of descent obtained, 21^0 feet per minute when reduced to ses-level 
conditions, may have been as much as 10 percent too low because of 
the presence of seme horizontal velocity during the measurements. 
The effect of small horizontal velocities 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. 

Botor drag-lift ratios.- In order to study the efficiency of 
the rotor itself, the DJL" equivalent' of the fuselage and residual 
shaft power losses have been subtracted from,the over-all drag-lift 
ratio (D/L)g, as described in the section 'Reduction of Data." 

The resulting rotor drag-lift ratios are plotted in figure 8 against 

the velocity parameter 1/\/CL. The lowest- average value of measured 

main-rotor D/'L Bhown in the figure is about 0.15, corresponding 



8 NACA TN No. 2267 

to an L/b of 6.7. Inasmuch 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 higher Bpeeds. 

Comparison of rotor drag-lift ratio with theory.- Theoretically- 
predicted values of (D/L)r are compared -with flight data in fig- 
lire 8. Inasmuch as the experimental data showed no trend for the 
variation of (D/Ti)r with Crp (because of the small range of Crp 's 
covered in the tests, the limited data taken, and the scatter among 
them), theoretical (D/L)r curves representing an average Crp 
of 0.0052 were drawn. 

The theoretical curves were calculated from the performance 
charts of reference h,  which were extended to include tip—speed ratios 
equal to 0.10. These charts are based on. a blade-section profile- 
drag polar represented by the equation  _ 

c,^ -  O.OO87 - 0.0216 OQ + 0.1+00 OQ2 

This variation of drag coefficient-with section angle of attack 
is representative of conventional, semismooth airfoils (smooth 
airfoils increased by a roughness factor of 17 percent). Theory 
based on such a drag polar may properly be called "semismooth 
blade" theory and the curve is labeled as such in figure 8, 
In order, however, to take into account the imperfect profile and 
deformable surfaces of the fabric—covered blades tested (see 
reference 2), the theory was also calculated by increasing the 
rotor profile drag—lift ratios obtained from the performance charts 
by 28 percent, thus allowing a total roughness factor of 50 percent. 
The "rough-blade" theoretical curve In figure 8 was calculated in 
this manner. 

Good agreement between the average experimental rotor drag- 
lift ratios end the rough-blade theoretical values Is indicated 
by figure 8. The difference.between the two theoretical curves in 
the figure shows that the lift and drag characteristics of the 
rotor—blade sections must be known In ordsr to predict the rotor 
performance with sufficient accuracy. 

It is interesting to determine whether the same theory that 
was used for the autorotational condition could be used to predict 
the performance of rotors in the power-on condition- Level-flight 
data, obtained with the same set of blades used in the autorotation 
tests, afford an excellent opportunity to check the theory in the 
two flight conditions. Prom this data, the influence of secondary 
effects due to differences in blade construction and solidity which, 
for example, might be present if two different rotors were tested, 
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is eliminated. Experimental drag-lift ratios, obtained at an average 
Crp = 0.00^4- and taken, from reference 1, are compared with results 

obtained "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 autorotative case shown in figure 8« 

In addition to presenting a comparison "between theory and 
experiment, figures 8 and 9  show that the theoretical calculations 
predict rotor performance ±a  the two conditions with sufficient . 
accuracy to i^ake the theory useful in extending the scope of heli- 
copter and autogiro rotor data to either operating state. 

"Terformaiiqe _%ains 1to_'b„e„ expected, w^th Bmoother„blados .- Rotor 
drag-lift ratios obtained from~fuil-scale-tunnel tests on a rotor 
wi bh relatively smooth plywood-covered blades are compared in 
figure 10 with values calculated for seraismooth blades. The agree- 
ment shown suggests that if smooth, rigid-aurfaced blades were used 
on the test helicopter, the resulting performance would be in 
similar agreement with the curve based on use of semismooth blade 
theory shown in figure 5. The improvement in the glide performance 
of the helicopter equipped with rotor blades aero&ynamically cleaner 
than tie original blades is shown in fisnre 11. The curve in 
figure 11 labeled, "original blades ' corresponds to the measured 
perfona^iice and was tafcen from figure 6, whereas the curve s-djusted 
for somisiaooth blades was calculated by reducing the measured rate 
of descent by ati amount equivalent to the difference (shown in 
fig. 8} between the theoretical values of (D/L)^ for the rough 
and the semismooth blades. Thus, the minimum rate of descent would 
be reduced from IO80 to 1010 feet per minute and the minimum glide 
angle would be reduced by 9 percent if clearer blades were used. 

In order to evaluate properly the improvement in glide performance 
effected by a reduction in rotor profile drag, the contribution of 
the parasite and induced drag losses are also shown in figure 11. It 
can be seen that a helicopter with a light disk loading and a cleaner 
fuselage would benefit more, on a percentage basis, from an increase 
in blade cleanness than the helicopter under test. For example, 
the 22-percent reduction in the rotor profile drag due to changing 
to semismootli blades would result in a reduction of 70 feet per 

minute or 6~ percent in the minimum rate of descent of the helicopter 

tested» If the rates of descent due to the parasite and induced drag 
were removed, however, the minimum rate of descent would become 
500 feet per minute. In this case the 70 feet per minute would 
represent Ik percent of the minimum rate of descent. A 22-percent 
reduction in rotor profile drag may thus decrease the minimum rate of 
descent as much as lit- percent, depending on the amount of induced 
and parasite losses present. 
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CONCLUSIONS 

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 
IO80 feet per minute was obtained at an airspeed of about kO milos 
per hour. ... 

2. She maximum lift-drag ratio of the helicopter as tested 
was 3 .9. The highest lift-drag ratio obtained for the main rotor 
over the available speed range was 6 .7. 

3 • Good agreement between theoretical and experimental auto- 
rotation performance was obtained when theoretical calculations were 
based on a profile-drag polar corresponding to "rough" airfoil 
sections. ' 

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

5. . Since theory can satisfactorily predict rotor performance in 
both <ho  autorotation and power-on conditions, it is considered 
useful in extending the available rotor data from one condition to 
the other. 

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" blades) would result in a 62~Percön,t reduction in the minimum 
rate of descent. • 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., February 17, 1947 
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TABLE I 

3UUUARX OF FLIGHT DATA Iff AUTORÜTATIOH 

o 

Toit 
nun 

Cali- 
brated, 

Airspeed. 
V 

(-3P&) 

Donoltj 
ratio, 

P/PQ 

far.) 

True 
air- 

speed, 
V 

(npH) 

Qrorjs 
TTBißllt, 

W 
(lb) 

ttotor 
•peed 
(rm) 

Bate of 
dement 

Ataoa- 
pherio 

prBBBor» 
tin- Hfl) 

(ar.) 

Free-air 
temper- 
ature 
(°r) 

Main 
rotor 
Dover 
"to) 

Tpll 
rotor 
vover 
(hp) 

PI tell anal« 
(dee) 

Shaft 
lnolln- 
itlon 

(noaa 
down) 

Center 
of gravity 
foeltloa, 
ahead of 

shaft 
(in.) 

Stick 
position^ 

forward 
(in.) 

(<0 

saok 
position, 

left 
(la.) 
(a) 

Yaw 

(deg) TfcJn 
rotor 

mil 
rotor 

1 W.1 0-9^3 1.7.5 S5W 230 1060 26.78 70 -3 A 3-7 a-5 -0.6 ej. 0-6 2.3 lJ. 9-3 

£ 5Va ^Mh 53-7 2376 e* 1176 28.9B 73 -3-e 3.6 3-0 -3J- 3J- 1.2   1-5 6.9 

3 WJL .9*5 "e-5 2369 218 1260 28.99 73 + A 3-5 3J- -3 A 3-3 1.3   1.6 10.6 

4 51J) ^4l 52.6 2561 223 1230 £8.91 73 -k£ 3* 2.Ö -e-9 3 A 1* x> aJ. 

3 VTJ3 ^09 47.7 2*98 gu 1033 27.38 30 -5.2 3.7 3-1 -1A 1.9 2.0 i.e 1J. 0.9 

6 42 A «1 •tf-9 2533 223 1080 26.27 67 -J.A 3.0 3-3 -1-3 0.9 Oi 2.3 1-3 0.7 

7 53 J. .029 33-1 8527 22? l£t0 28-33 70 -5.0 if J. 3-7 -1.6 2* 0« 3'2 1-5 0.7 

6 6*J. .938 65.2 2515 225 I5I« as .74 78 -6 JO 3.1 3-5 -15 I.J. 1.0 3.3 1.5 1.3 

9 33 •« .9* 53.6 P503 eoe II90 28.30 72 -it .6 e-9 kJt -1,6 3J- 1JL 3-3 1.6 0 

10 »-3 .927 57.1» 2^1 232 1275 26.36 71 -5a Vx> 2.9 -1.7 3.0 1.3 2.6 1.0 -0.2 

11 66.7 .033 69* 2*485 226 l600 26.3V 71 -3.0 •tJL 3-5 rl-9 V.8 1A 3J. 1.2 0.6 

12 54^ •93P 56 J. 2*79 197 1306 86.77 7= -*-3 2.9 ^.8 -1.7 3-1 1A 3-3 1.6 0.3 

13 3B.S •7»7 *3J. 2Vf8 2X6 1290 22.62 38 -5'3 2.9 4.0 -1.6 2JJ lJ. 2.0 1.3 -3-7 

Jh ko.s .871 *3.l SVfB glO U.Bt+ 25-23 1*5 -5-2 2.0 kJa -1.6 2.0 1A 2.0 1.3 -1.6 

15 *3-ö .9W V..6 2*78 225 1170. 28.00 52 -5.6 2-9 25 -1.5 2.3 1J. 15 1J> -2.3 

IS ,855 220 1 BJtfVt 
27*UJ 73   .,,. *»«Jf L   m U..J « a 1   n •I.V 

17 64.9 .89s 66.7 8505 £20 llf30 27JtO 73     3-7 -3« *4 0.7 3-5 1.7 -3 J. 

iß 69« 

6it.7 

•023 

.906 

71.8 

66.0 

2571 

2371 

222 

225 

1620 

1A70 

28.69 

sS.eo 

80 

60 

3.3 

V.9 

1.2 k J. 1.9 

1.8 

l.B 

  ..... 

fc-3 

1.2 3-6 I.J. 

so 73-7 •9W 77 J. =339 226 1630 28 As 60 -5.7 -1.7 6.3 1-3 3-5 1-9 2-9 

"Cjöllc pitch TfirUtlon, la degreea from awan Telue   la 1.2} x stick position.. 

g 
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CO 

Toot 
&> 

T 
tat») (tos) (dog) t* (nnaor.) (teg) (fas) *i 0L 

a °I oa 
PA oyt>s flWp 0V^)r (fee) 

X Wi fc7.* 108s S»5 10 A.000 v.g •ojnm n.aofl. 6=63 n.QäTv 1* >w*.^ 0i2ß6 rj-sQTjB in n 

2 5>.l 55-7 II76 3-0 8 08E •293 -4-s 64 -.001 •s* k.90 .0030 .0290 -.012 .248 -Q6Q ^76 13^ 

3 48.1 *9-5 1260 3-1 11 JA .3« -5.2 8.3 -.001 •3Ö5 6.08 .0052 .0302 -.013 .302 •0*9 .240 16.8 

% 51-0 1,2 Ja 1£50 ZA 1C J.70 •327 -*-7 7-6 -.002 •325 ">J& .0049 .0265 -.013 .281 .03* .a4 15.7 

5 47-0 47-7 1035 3-1 1» .ite •379 -5A 7.0 -.001 .378 6.30 •0052 A3 02 -.013 .253 .047 J95 1*4 

6 42.4 *3-0 1080 3-5 12 J*2 .468 -6-7 84 -.roe .466 7-77 JJOJO .0290 -.013 .291 *39 .237 16^ 

T 53 J. 55 J. 1240 3.7 9 J.79 •299 -*-3 8a -.001 .298 4.97 JXA9 JXST, -.013 .264 .061 O90 14 J 

8 64 J. 66.2 1340 3.3 7 .ZU .204 -2.9 8-3 -.002 .202 3-37 .0048 .0279 -.011 •27* .090 J173 15-3 

9 53-6 55.B 1190 4.4 7 J96 •291 »4.2 6.7 -.001 .290 4.83 .0037 .0331 -.010 .1*9 ,062 J.77 14* 

10 55-3 57 A 1*73 2-9 9 J.80 .272 -3-9 7-7 -jtxa. .271 *-32 .0046 .0267 -•013 .261 w067 J.61 IKJ6 

u 66.7 6?.o lfioo 3-5 7 •«23 .186 -2.6 7.8 --C01 065 3-08 .0048 •0279 - 011 .274 ^98 JÄ3 15-3 

le 54.6 5ÄJ» I306 4.8 e .208 .276 -4.0 8.2 -.001 •273 4.38 .0062 .0360 -.009 •27* .066 J» 15-3 

13 38-2 V3J- 1290 4J0 16 JA0 •A» •T-9 10 JO -•003 •!*T 9-1? .0060 .03*9 -.016 .362 •033 •313 19.9 

14 1(0.2 43.1 11» 4.0 Ik JAS .505 -7-2 9-0 -.002 •500 8.34 X0S9 •03*3 -.01* •389 .036 •ZT9 lflj> 

15 43.6 44.B 1170 2* 13 J*3 AB9 -6J. B.9 -.002 AST 7.IP .oovr •0273 -.016 •312 .042 -25* 1T-3 
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OroBp weight (ae flown), lb 2520 
Dl&k loaOlne, lb/aq. ft 2.82 
Tip opsel (normal) 

Main rotor, fps 447 
Tall rotor, fps 494 

Rotor BoUdlty         0.06 
Distance fro« oenter line of wain rotor 

to center line of tall rotor, ft 25.2 
Parasite drag area,   sq f t        25 
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Figure 1.- Dlmenßloaa and characteristics of teat helicopter. I-" 
oq 



NACA TN No. 1267 Fig. 2 

Hss^s ;• -: ; 

Mp^^"'- i^>--* 
KK.: .4^^-' _., 

^•SSfc=--- — _ 
fegEt:.:.::. 

••.^3-.= 

feEJ—~ -r^.^rJJ 

^^^1T,j-'   ~" '-> 

fkj~   • 

^^   ••••:      .". 

(a) General view. 

(b)   Glose-up view of airspeed head. 

Figure 2.- Airspeed boom and details of pltot-static and 
flow-angle pressure-tube Installations. 
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Fig. 4 NACA TN No. 1267 
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Figure 4.- Fuselage drag and lift 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 7.- Effect of horizontal velocity on autorotative 
rates of descent (from reference 3). 
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Figure 10.- Comparison of experimental and theoretical drag-lift ratios for a plywood- 
oovered rotor in autorotation. 6 
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Figure 11.-    Effect of main-rotor profile drag on autorotatlve glide performance.    The 
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theoretically. 
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