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TECENICAT. NOTE NO. 1267

FLIGHT TESTS OF A HELICCPTER IN AUTCROTATICYN,

IWCLUDING A COMPARISON WITH THEORY

By Alfred Gessow and Garry C. Myers, Jr.
SUMMARY

The results of glide performance tests conducted on a test
helicopter with its originel prnduction blades in the autorotation
condition sre presented. The data were roeduced to coefficient
form, and performance at stenderd sea-level condltions was calculated. ~
The experimentally determined rotor drag-lift ratios were compared
with thectetical calculations, and a similar comparlison was mads for
previously obtailned power-on flight data. In addition, the improve-
ment in power-cff (autorotatlon) performance that results from
operating with serodynanically cleamer blades was Investigated.

The helicopter was found to haveo a minlmum rate of descent at
sea level of 1080 feet per minute at an airsneed of approximately
40 miles per hour. The maximum lift-drag ratio of the helicopter
was 3.9, and the Lighest lift-dreg ratio obtained for the main
rotor was 6.7. Gool agreement between theory and experiment was
obtained when theoretical calculations woere hesad on a profile-drag
polar that corresponded to rough airfoil secticns. Inssmuch as
slmiler agreement was obtalined betwessn theoretical and experimental
deta In powsr-om level fiight, the theory is comsidered useful in
extendling the avellable rotor date from cune condition to the cther.
It was found that the use of aerodynamically clesnsr blades resulted
In significart gains In gliding pexrformence. For the hellcopter
tosted 1t appsared that a 22-percent reduction in profiie-drag

coefficlent would result in a %—percent reduction in the minlmum rate

of descent.
INTRODUCTION

Flight tests are being conducted by the Fligat Research Tivision
of the Langley Lgboratory on a comventional single~rotor helicopter
as part of a general progrem of helicopter research. These tests

r.nrﬂr.ml |



2 - NACA TN No. 1267

include porformnnce meesurcments in level flight, hovering, glides,
and climbs, end camera observations of blade motion in selected
condltions. This paper presents the results of power-off
(autorotation) perfownence measuvrements that were made with the
original production set of main-rotor hlades.

In the event of power fallure the helicopter rotor becomes,
in effect, an autoglro rotor. Safety end design considerations
make this aubtorotetive condltion importent to the hellcopter
designer. Data obtained with the test helilcopter In autorotation
were teken In order to provide information which could be used
in improving the autorotative characteristics of hellcopters. The
tests also provided an opporiunlty to compare the same rotor in
the power=-on snd autcorotative condltlons, without the introduction
of uncertainties due to differsnces in blade parameters which are
present when two differeat rotors are tested and comvpared in the
two condltions. The glide data thus permitted a check of the '
theorsticelly predicted rotoi drag-11L% ratios in both power-on
end pover-off flight. Once the relaticashlp between the two
conditicns 1s esvablished, the avallable Information on the autogliro
and the Lellcorter becames interrelated.

SYMBOLS
W gross welght of helicopter, pounds
Ve calibreted alrspeed (indicated airspoed ccrredted for

instrument end Installation errors; can be consldered

equal to 'VV/—ypo in the present case), miles per hour

v tivue alrspeed, mlles per Lhour
Vh horizontal component of true alrspeed, mlles per hour
Yy rate of demcemt; vertical camponent of truse airspeed
feet per minute
R rotor~blade radius, fest
Q rotor angular velocity, radiens per second
o] massg denslty of alr, slugs per cubic foot
o) mass denalty of alr at ssa level under stendard conditions

0 (0.002378 slug per cubic foot)
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1 tip-speed ratio (Y;QQ§-29
o QR .
. rotor angle of attack; angle between proJJection in plane

of syrmmetry of axis about which there is no cyclic
piich change and a line perpendicular to flight
path, positive when axis is pointing rfarwerd, degrees

ey fuselage angle of attack; angle between relative wind and
e line in plane of symmetry and perpendicular to
mnain-rotor-shaft axis, positive when nose is up,

dezrees
Aaf correction to fuselage angle of attack to allow for
rotor downwash, degrees (assumsd equal to -57.3Cr/U4)
dfc correcteod fuselage angle of atiack, degrees (df + Adf)
+
Cr.n fuselage 1lift coefficient Fusilage ;i*t
< -e-pVEnR
Cp.. Puselage drag coefficient F“Bilage dreg
I é'pVQItRE
Y glide-path angle; that is, angle of which tangent is rate
of descent divided by horizomtal camponent of velocity,
degrees -
W cos 7
CLun mcorrected rotor 1Ift coefficlent | 7 7 o
cor . EDVE'KR"
G, rotor 1ift coefficilent (CLuncor - CIT)
L rotor 1ift, powmnds (W cos y - fuselage 1ift)
T rotor thrust, pounds L
cos o
T
C thrust coefficient -—-—————:ﬁ
T (nRE‘p(fR)E‘,
(%) over-all drag-1ift ratio of helicopter (tan y)
(%- perasite drag of fuselage, rotor head, and blade shanks

P divided by main-rotor 1lif+t
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shaft power parvameter (The symbol P 1s equal to the rotor-
shaft power divided by the velocity along the flight path;
in eutorotation, P/L 1s negative and represents the
power supplied by the rotor to overcome the gearing emd
vesaring frictional losses and to drive the tall rotox)

induced drag-lift ratio (taken herein as COp/4)
rotor proflle drag-lift ratio

drag~1ift ratio of main rotor; that is, ratio of
equivalent drag of meln yotor to rotor 1ift

(D.‘ . (2) )

L)i L o)
beg

solidity — (for the present case, o = 0.060)
b

4
[ cr2dr
uo - - _

R
f r2ar
'.\ 0]
local chord

radius to blade element

equivalent chord

glopo of curve of 1lift coefflcient agalnst sectlon engle of
attack (redian measure) assumed equal to 5.73)

blade sectlon profile~drag coefficlent
blade section angle of attack, measured from zero 1ift, radlans

average maln rotor~blade pitch, uncorrected Tor play
in linkage or for mean blade twist, dsgrees

APPARATUS AND TEST PROCEDURE

The tests were conducted with a Sikorsky ANS-1 (YR-4B) helicopter,
the dimensions and pertinent characteristics of which are shown in
figure 1. Other particulars, including a detalled description of the
fabric-covered original main-rotor blades, are given in references 1

and 2.
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Quantities measured auring the power—off gllide tests included
the following:

Airspeed Free—alr static pressurs

Rotor apeed : Maln-rotor piltch

Mein-rotor--shaft torgque Tail-rotor pitch

Tail-rotor—ghaft torque Attitude angle (shaft inelination)
Frec—air temperature Cyclic—-piltch control position

The methods by which these qubntit*es were obtained are discussed
in reference 1.

In gliding flight the quentities which most critically affect
the accuracy of the results are eirspeed and rate of descent,
end they are therefore congidercd worthy of sSpecial discussion.

Alrspeed was determined by means of a freely swiveling pltot—
static installation mounted on the end of a long boom Iin front
of the fuselsge, the alrspesd 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 "bomb" suspended approximately
100 feet below the rotor. The calibraticn data obtalned are shown
in figure 3.

Atmogpheric pressure measurements that were necegsary for
calculation of rates of descent were continunously recorded through—
out each run.

Flight procedure consisted in meking £lides from about
5,000 feet to 3,000 feet pressure altitude, the ailrspeed 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 (]5/1.)r were calculated from the general
performance equation expressed in coefflcient form as

5 @),-@)
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For each test point, values of (D/L)g, P/L, end (D/L), were
determined from messurements teken. Values of (D/L)g, vhich

represent the tangent of the engle of glide, were calculeted from
the alrspeed and rate of descent. These rates of descent were
calculated by meens of plots of static pressure sgalinst time
together with a mean free-ailr temperature value for the descent.
With the rotor in autorotation, P/L 1s a small negative qusniity
that represents the power supplled by the rotor to overcome the
gearing =and bearing frictional losses and to drive the tell rotor.
This quantlty P/L was dotermined From recorded shaft torgue and
rotor rotational sneed. Yaluss of (D/L)p were calculated with

the ald of full-scale wind-tunnel tests cm the fuselege and hub
of the test helicopter (fig. h) The maln-rotor drag-lift ratio
wee then calculated as ' : =

(2 -G), @),

The method of reducing the data to coefflclient form parallels
that of reference 1. Certain of the assumptlions used in the level-
flight analysis were mcdified, however, to comply with gliding-
flight conditions end are as follows'

(1) Rotor 1ift is calenlated by multiplying the helicopter
gross weight by the cosine of the gllde angle and subtracting the
fuselage 1ift. Rolor thrust, which was consldered equal to rotor
1ift In level flight, was assumed equal to rotor 1ift divided by
the cosine of the rotor angle of attack o, the valus of o
being determined as in reference l.

(2) The dvag force om the tall rotor was fownd (by the method
used in reference 1) to amount to less than 1 percent of the fuselage
dreg In the autorotation condition and was consequently neglected.

RESULTS AND DISCUSSION

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

Helicopter gilide performance.- In order to obtain the variation
of helicopter rate of dsscent with alrspeed, unaffected by variations
of weight snd demsity, the experlmental date were first plotted in

the coefficient form shown in figure 5. The ebscissa, l/;/CL
is & velocity persmster which ie d4rectly proportiomsl +to the true
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velocity and which effectively resolves varlations of weight and
density iato egquivelent velocity changes. The data sre grouped.
according to thrust coefficiente but, because of the limited data
available end the scatier In the date which covered any trend with Cp,
a single curve wes drewn to represent en average thrust coefficient

of 0.0052 (average velght 2520 1b, 'g = 0.92). The data indicate

a minimun velue of (D/'I;)g of 0.26 1n the renge of 1/|/ 0y,

betwesn 2.0 to 2.2 corresponding to a maximm velue of lift-drag
ratio of 3.9 &t epproximstely 65 miles per hour.

The nondimensional dsta of figure 5 can be expressed in terms
of rats of dsscent and velocity for sny deairsd corbination of
wolght end air demsity. In figure 6, ithé falred experimental curve
of figure 5 has heen reduced to stendard conditions, that is, normal
gross weight of £520 pounds snd see~level density.

At sea-level conditions and normal weight, figure 6 shows that
the tes% helicopter has & minimum rato of dsscent of 1080 feet per minute
at about 40 miles per hour. This spesd corxresponds to the speed range
between 40 and 45 milss per hour for minimum power in level Fflight.
(See fig- 8 of reference 1.) The mmﬂmw,l angle of glide cen bo found
from ficure 6 to be approrimately 14° end to occur at a rate of descent
of 100 feet per minute &nd at sn airspeed of approximately 6% miles
per hour

"In obtaining the present flight data,emphasis was pleced upon the
determination of the glide characteristics over the higher speed rengs,
that is, minimum rate of descent and minirmm angls of glide. A few
measursmentd wvere also made in vertical descent. As a wesult of the
difficulty in holding zero horizontel speed, however, the maxirmum rate
of descent obtained, 2140 feet per miaute when reduced to ses-level
conditicns, may have been as much as 10 percemt too low because of
the presence of scme horizontal veloclty during tiie measurements.

The effect of small horizcontal velocitlies on the rate of descent in
sutorotation camn be estimatsd fram figure T, which presents glide

date obtained with the PCA-2 autogiro (reference 3). The figure
indicates that horizontal ailrspseds betwsen 5 and 10 miles per hour

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

Rotor drag-1ift retlogs.~ In order to study the efficiency of
the rotor itself, the D?i equivalent' of the fuselage and residual
shaft power 1osses have been subtracted f‘romt the over-ell 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 paremeter 1, ‘/ « The lowest average value of meesured

main-rotor D;I shown in the figure is about 0.15, corresponding
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toan L/D of 6.7. Inasmuch s the trend of the data does not
appear to indicate that a minimwm hes been reached, higher L/D's
might be expected at higher speeds.

Comperison of rotor drag~1lift ratlo with theory.- Theoretically
predicted vaelues of (D/L),, are compared with flight data in fig-
ure 8., Tnasmuch as the experimenital data showed no trend for the
variation of (D/L), with Cp (because of the small range of Cp's
covered in the tests, the limited data taken, and the scatter among
them), theoretical (D/L)r curves representing en average Cp
of 0.0052 wers drawn.

The theoretical curves were calculated from the performance
charts of reference 4, which were extended to include tip—speed ratios
equal to 0.10. These charts are based on. a blade-sectlon profile—
drag polar represented by the eguation . .

cq, = 0.0087 — 0.0216 ag + 0.400 ag?

This veriatiorn of drag coefficient with sectlon angle of attack

is representative of comventional, semismooth airfoils (smooth
eirfoils increased by & roughness factor of 17 percent). Theory
based on such a drag polar may properiy be called "semismooth
blade" theory end the curve 1s labeled as such in figure 8,

In order, howsver, to take into account the imperfect profile and
deforuable surfaces of the fabric—covered blades tested (see
reference 2), the theory was also calculeted by increasing the
rotor profile drag-l1ft ratlos obtained from the performance charts
by 28 percent, thus allowing a totel roughness factor of 50 percent.
The "rough-blade" theoretical curve in figure 8 was calculated in
this manner.,

Good agresment between the average experimental rotor drag-
1ift ratios end the rough—~blade theoretical valuee 1s indicated
by figure 8. The dlfference between the two theoreticel curves in
the figure shows that the 1ift and drag characteristics of the
rotor-blade sectlons must be known in ordsr to predict the rotor
performance wlth sufficlent 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:. ZLevel-flight
data, obtained with the same set of blades used 1n the autorotation
tests, afford en excellent opportunity to check the theory in the
two flight conditions. From this data, the influence of secondary
effects due to differences in blade comstruction and solidity which,
for example, might be present if two different rotors were tested,
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i1s sliminsted. ZExperimental drag-lift ratlos, obitained at en everage
Cp = 0.005F aud teken from reference 1, ars compared with results

ohtained by the rougn~blade theory in figure 9. The flgure indicates
good agreement between theory snd experiment for level flight, as was
true in the sutorotative case showm in Tigure 8.

In addition ‘to presenting a comperison between theory and
experiment, figuros 8 and 9 show that the theoreticel calculations
prodict rotor performsunce In the two conditions with sufficient
eccuracy to rake the theory useful in extendlng the scope of heli-
copter and autogiro rotor data to eilther operating state.

“Rerformenge gaias to be expectsd with smoother bledes.- Rotor
drag=-1ift ratios ocotained fromfull-scale-tianel tests cn a rotor
with wvelatively smcoth plywood-covered blades ere compured in
figurs 10 with valuss calculated for senlsmooth blades. The agree-
ment shown suggests thet if smooth, rigid~surfaced bledes were used
on the test helicopter, the resuliing powformance would be in
gimiler agreement with the curve based on use of semismcoth blade
theory shown in figvie 83. The improvement in the glide perfcrmance
of the heliccpter eguipped with rotor tisdes sorodyaomically cleaner
then tk2 original blades is shown in figare 1l. The curve in
figues 11 labeled "oz".?.ginal blades" coriresponds to the measured
performeace end was takeu from figvre 6, wheress the curve sdjusted
for somisuocoth Viades was calculated 1y redvcing the measured rate
of descent by an amcunt equivelent to the differerce (shown in
fig. 8) botwesn tho theoretical values of (D/L)p for the rough
end the semismooth blades. Thus, the minimum rate of dsecent would
be reduced from 1080 to 1010 feet per mirute and the minimum glide
engle would he reducad by 9 rsrcent 1if cleaner blades wore used.

In ordar to eveluate properly the improvement in glide performance

effected by a reduction in rotor precfile drep, the contridution of

the parasgite snd induced drag losses ars also skhown in figure 1l. It
can be sesn that a helicopter with a 1ight disk joading and a cleaner
Tuselage would henefit more, cn a perzentage basis, from an increass

in blade cleernsas then the helicopter under test. For example,

the 22-percent reduction in the rotor profile drag dus to changing

to semismooti: bledes would result in a reduction of 70 feet per

minute or 6%'- percent in the nminimvm rete of descent of the helicopter

tegted. TP the rates of descent due to the parasite snd induced drag
were removed, however, the minimum rate of descent would become

500 feet per minute. TIn this case the 70 feet per minute would
represent 14 porcent of the minimm rate of descent. A 22~percent
reduction in rotor profile drag masy thus decrsase the minirmm rate of
descent ss much as 1Lt psrcent, depending on the amount of induced
and parasite lossss present.
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CONCLUSIONS

Trom the data obtained with a conventional single-rotor heli-
coptér as tested in autorotation and the accompanying theorsetical
aenalysls, the following conclusions are indlcated:

1, For operation &% sea level, a minimum rate of descent of
1080 feet per minute was obtained at an airspeed of about 4O miles
per hour. . —

2. The maximum lift-drag ratio of the helilcopter as tested
was8 3.9. The higheat lift-drag retio obtalned for the meln rotor
over the avallable speed rangé was 6.7.

3. Good agreement between theoretical and experimental auto-
rotatlon performance we3 obtained when theoretical calculations were
besed on a profile-dreg polar corresponding to 'rough' alrfoll
gections. ' co

4., The same theory can satisfactorily predict the performance
of a rotoi in both the power-off and pewer-on fllght conditions.

5. Since theory can satisfactorily predict rotor performance in
both tho autorotatlon and powsr-on conditions, it is considered
useful in extending the available rotor data from one condition to
the other. '

6. ©ignificant improvement in gliding performsnce appears
possible with improved blade contour and suwrface conditlon. For
the helicopter tested, a reduction of 22 percent in profile-drag
coefficlent (cbtained by operating with "semismooth" instead of

"rough" blades) would result in a €3-percent reduction in the minimum
rate of descent. N _

Langley Memorlal Aeronautical Iaboratory
National Advisory Committee for Aeronaentics —
Langley Field, Va., February 17, 1947
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TABLE I
SUMMARY OF FLIGHT DATA IN AUTOROTATION

Tost gt;;d. Denaity] 3.1:: Grons |Rotor|Rate of| Atmos= |Free~air]Main |Pail jPitch anplsy ﬂi::.Lr:l;- ofc:n“vli't: Stick Stiok Yaw
ran inirepoed | ratio,| spasd, [weight,| epeed|descent| pheric | tempar- | votor|rotor ( ation | positlon,|position,|position,|engle

v, efe, |V L (rm)!| V, |preeeure| aturs |pover|power (nose | ahead of | forward | laft | (deg)

() | (o, [ | () (tpm) |(tn- Ea)| (%) | (up) |(np) |rotor] rotor] down) | shert | (in.) | (ta.)

N {av.) {deg) | (in.) (a) (a)

1 T4 Dohy | W75 | omk6 | 230 | 1080 | 28.78 0 a4 3.7 25|08 2. 0h s 1 9.3
g LU Shk |t sn.7 | 2918 | esh | 16 | 28.98 (K “3.2| 36| 30]=32] 33 1.2 mrmemnen |15 6.9
3 3.2 ks | B9 | esée | 2B | 1260 | 2899 T3 4 }3n|srlak| 3.3 1.3 el BT 0.6
4 .0 Ol (%26 | es61L | e | 1250 | 2851 3 481 3k]|2Blen] .M bR S -1 Lk Ak
3 ¥T.0 969 | b7 |98 | 2Wh | 1035 | 27.38 30 S2f37| 32|12 ] 1L 2.0 1.8 1d 0.9
s bak 93 [ ¥39 | ™33 | 223 | 1080 | oB.27 67 Ak |j.0)]38]|-13]) 09 0.8 g8 13 .7
T 534 G929 | v | 27 12k | 28.33 o0 =340 | bl | 3.7 L& 24 o8 3.2 15 0.7
8 &l 938 | 66.2 | 2515 | eem | asho | 28.7h T2 601 31| 35|19 | ka 10 3.5 1.5 15
9 5348 S | 558 | 503 | 208 | oo | 28.30 = 4 4 2.9‘ b {-a8] 34 1. 3.3 16 0
1o 573 H27 | 5T |24 | 32 | a2 | #8438 T Sd jho) 28|} 30 143 24 1.0 -0.2
n 66.7 935 | 690 | k85 | 226 | 1600 | 8.5k n solbalzs{-Lo] b.8 1.4 3 1.2 0b
12 5k 45 S39 | %64 | 279 | 197 | 1306 | =*B.77 T2 k3|29 | B |-1.7| 32 14 .3.3 1.4 043
13 38.2 J07 [ k3o {78 | ;B | imo | eake 38 s3] 29| bolas 2.0 1A 2.0 1.5 ~3.7
14 k0.2 - BT | 3a | axy8 | o | 18y | 5.2 bs s2| 29| %016 20 14 2.0 15 ~1.6
15 k3.6 58 | w68 | 2478 | 225 | 11Ta | 28.00 52 56| eglegl1s] 23 1k 19 10 -2.5
1% | &0 A8 1 Sr.z ioses | 20 (1320 | 2740 | T3 cmmenlene= 1 581251 443 85 38 1.8 =37
17 | 649 | o2 [ 687|205 | e [0 [epdo | T3 |- 3T ]300 | B 0.7 35 17 |34
18 | 690 | 9% [n.8|on | o160 (080 | 80 [-meef-me | e foeee | s} 12 | ka 19 |18
19 647 906 | 68.0 | 2971 | 225 { 2h70 | ®B.e0 8o ———mu)m—— ponms p—=] A9 1.2 3.8 1.8 b
0 | TI.T G13 [ TId loyw | ee6 | 16% | e8he | Bo SFl--—14ai1.7] 6a 13 33 19 2.9

fCyelic plich variation, ino degreas from mean velus is 1.85 X stick positicu.

RATIOGNAL AIVIBORY
COMNITTIE MR AERONADTICS
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TABLE

I

ROTR RAG-LIFT RATIOS AND RELATED PARAMKTERS

mt [kh) (-;h) (rt}:ﬂ.n’ (:I:s) (d:s) u (m":,or’, (‘:‘i) (::c o % Op .?EI B/L |(o/L)g| (/L) |(o/L), (a:g)
1 lkEa: kT mew.- e.x 110 10as0l o390t 4.7l 7.2 10000 0.30816.63 6 0047 00273 -0 00510288 lo.ons bouzos 5.0
2 | 5k.1] 5.7 | 176 30| 8 | a82] .x5 | 42| 6.6 | ~.000] J2k{k.90| 00%0] J0290] -.012| M8 | L60 | 276 [13.9
3 |u8a] o] 1060 3a |1 168 366 | =5.2| 8.3 | ~.000] .365[6.08] 0052 .0302| -«013] 302 | Lk5 | .2hO [16.8
k |510] 326 12%0 2.8 |10 170 327 | 7] 76 | -00e| 35(342| .a0kg] 0285( -.013] .20 | o5k | .21 |15.T
3 | 70| 477 | 2035 31 |Ww 162 3712 | S| 7.0 | -001] 4378]6.30] 052 La02] -.013 255 OhT | 285 jik.3
6 |heh| 39| 1080 35 |12 Jae2 468 | 67| 8.6 | -.002| M56[T.T7| 00%0] 0290| -.003| WL | 039 | 3T [16.2
T 15351 ]| x2e |37 9 | ap ng .| 8a | -.001| .298[k.97} ook9] 028s| -013] 26k | 061 § ago Jin.B
B |6kd] 66.2] 1540 38| 7 215 204 ) 2.9 8.3 -w002| 200 3.37| ook8| 0279 -.011] .27k | 090 | A73 {15.3
9 |536] 95.8) 1190 B | T 196 291 | A2 6.7 ~000| 2o0|k.B3) 005T| 033L] ~W000] 29 | 052 | ATT {160
w Iss3| T4 | 1o 291} 9 a8 212 | 39| 7.7 | =~0on] .2mi]ho2| Q0S| LO267] -a13] W20 ] 06T | OEL {1h6
11 {66.7] 69.0] 1600 38 7 223 86 | ~2.6| 7.8 ~.001| aB5]{3.08] .00k8] .0279 - 27k | 098 | 55 |15.3
12 |54.6] 9565 | 1306 881} 8 | 08| .216| ~k0| 8.2 ~.00L| J2|hSB] 0062] 0360| -009| 27k | 066 | 299 [153
13 [38.2] k3.1 1290 ho |6 A0 550 | -T9poo | -003| Shr|902] o060| 03k0| -.006f 362 { 033 | 3313 [19.9
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Figure l.- Dimensions and charecteristics of test helicopter,
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NACA TN No. 1267 ) Fig. 2

(b) Glose-up view of airspeed head.

Figure 2.~ Airspeed boom &nd detalls of pitot-static and
,flow-angle pressure-tube installations.
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Fig. 4 NACA TN No. 1267
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and used in reduction of data for test helicopter,
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Figs, 6,7 NACA TN No. 1287
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Figure 6,- Autorotative performance of test helicopter
reduced to standard sea-level conditlons, derived fronm
faired curve of figure 4, Gross weight, 2520 pounds.
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