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FILIGIT TESTS OF THE SIFORSKY BNS-1 (ARMY YR-§B) HELICOPTEF

T - EXPERIMENTAL DATA OK TEVEL-FLICHT PERFORMANCE
WITH ORIGIIAL R0TOR ALADES

By ¥. B. Bustsfeon
SUNMARY

Results of psrformance massuraments made in level
flizht with the HNS-1 (Army YR-LB) helicopter sre pre-
sented. These data include torguemster meassurements of
shaft power foz both the main rotor and the tail rotor.
The power data, in conjunction with full-scale-tunnel
data on the L*ft and drag of the fuselage, are used to
calculate the drag-lift ratio for the main rotor.

The followlng vcsults were obteined for the HNS-1
heliconter, as tested at a gross weight of approximately
¢560 pounds and eqlipped with the orig;n,l set of main-
rotor blades: minimum main-rotor-shaft power et cruising
rpm, spproximately 99 horsepower at e oee'q of ;0 miles
per hour; rotor-shaft power atsorocd by.tail rotor at
eruising rpm, 2pprox uut61y %2 to Iy ho;sanower over a
range of spe eds from 25 %0 80 miles per hour; maximum
ratio of 1ift to drag for the main rotor attainable within
the available speed range, 6.7; maximum value of weight~
dreg ratio {ratio of weight to the drag equivalent to
the total rotor-shaft nower), 3.5; spced for maximum
weight-drag ratio, spproximrately 67 miles per hour. The
results also indicate that main-rotor-shaft power required
is appreciably affectsed by rotor rpm, a reduction in rpm
of 5 percent corresponding to a reduction of approximately
3 to 04 horsepower when opsrating at or rear the speed for
minimum power.
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T KTRODUCTION

In order to provide dats with which theory and
wind-tunnel measurements on powered rotating-airfoil
%yqtemc mav be checksd, flight tests are being con-
ducted at Langley Looorqtor“ with a Sikorsky HNS-1
( Army YE-I.B) nﬂllcnouﬁx, heHe tests include perform-
ance measurements in level flight, hovering, and glides
and climbs, and camera observations of blade motion in
selected corditions. This report presents the results of
the level~flizht performance measurements that were made
with the original set of main-rotor blsades.

SYM¥BOLS
¥, calibrated sirspeesd {indicated asirsveed correscted for
instrument and md%tellﬁt/gn errorsy ¢an be ,con-
sidered egqual %o .VCEI‘ in the present case)
Y true airspeed
P mass density of air
po mass density of air at sea level under standard
conditions (0.002379 slug ner footd)
2 average m&in rotor-blade pitech, uncorrected for play
in linkage and for mean blade twist
: . V' ces @
9 tin~speed ratio <—~————w—)
b 2 e
% L
a spindle angle of an equivalent rotor with no periodic
variation of the rotor-blade pitch angle, measured
in the plane of symmetry and referenced to & line
perpendicular to the flight path: positive aft
o]
cradr
bce ,
o solidity ——= where c, = equivalent chord=

)
TR R
U/'radr
¢

glving O = 0,060 for the present case
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b number of blades

B slope of 1ift coeffizient against section angle
of attack (radien measure), assumed equal to
5. % 41 this reponk

e Rotor-shaft power input
CP nower coefficient /? — 5 —
\ oY TR

P/T, shaft-power parameter. The symbol P is equal
to the rotor-shaft power divided by the
veloclity along the flight path. It 1s,
therafore, also equal to the drag force that
could be overcome by the shaft power at the
flight veloclity

ap fuselage angle of attack (angle between relative
wind and a line in the plane of symmetry and
perpendicular to the main rotor-shaft axis;
nositive when nosa up)

Aty correction to fuselage angle of attack to allow
for rotor downwash

afc correccted fuselage angle of attack (af + Aaf)

c uncorrected rotor 1lift coefficlent

Luncor' /

Gross weight
L A &
( é‘ﬁ‘f R

ACy correction to rotor 1ift coefficient for fuselags
dovnload

C, rotor 1lift coefficient (C—L e ACI)

uncor
N orrected rotor difit
Gy thrust coefficient ¢ EC. S8 200 4
i pQd 't

D y B e :
(E parasite drag of fuselage, rotor head, and blade
nf shanks, divided by correctsd main-rotor 1lift
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) parasite-drag contribution of tsil rotor dLVlded
ot by corrected main-rotor 1lift

(2> drag-11ft ratio of main rotor after applying
L/w corrcctions for fuselage download and for
fuselage and auxiliary rotor parassite drag

Crid fuselage 1ift coefficient Tasplegs Ll
i3 12 o2
2p R

huse]a”o drag

CDf fuselage drag cocfficient >
\ Lov? wrl
R rotor-blade radius
i radius of blade slement
L corrected rotor 1lift
Q rotor angular velocity, radlians per second

APPARATUS

Description of aircraft.- GPn°rg1 views of the
HNS~1 helicopter (AAF Serial No. L3-28229) are shown in
figuresl, 2, and 3. The plan form of the main- and tail-
rotor blades is shown in figure li. Dimensions and other
detalls for the aircrasft as flown are as follows:

Generel characteristics:

Gross weight as flown (#2 percent), 1b . . . . . 2560
ek dasding., 1b/sg £% 5 s o - ; AP - Ml
Power loading as flown (normal rated power) ,

WBE o\ o« e L SR e SRS
Parasite drag ar“a Dfq, "typieal flight

coneittitonNs o iR R o - 25
Power rating for take-off . . . . 190 bhp at 2250 rpm
Power rating, normal . . . « . . . 180 bhp at 2100 rpm
Gear ratio, engine to main rotor . . . . . « . 9.34:1
Goar ratioy enginms to vEll wobopr . v » & «'s o « FOYLY
Fagl agpas iy i oala: o sl ow ek i e s fe BE
Center-of-gravity position, below plane

of Flepplng Himgesy TPk & 1+ v & » s vk o v 5l a5
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Main-rotor charasteristics,

R?ij.uS s> J’:‘t . . ° . ° ° ° . . ° e ° . e . . . ° 9 ° 1—9

Bl .}ﬂ,u‘ t V‘]i S:g ° ° e . . ° ° ° ° ° ° ° ° . ® . ° 0 NOlle
c

‘\’Oll(qltwf, "—"-e_ o ° ° . ° » ° ° ° ° ° . . . ° v . 0'060
TR

Blade area (totsl, three blades), sq £t , . . . 65,

ERIB RO OTION " & e v v Bk e v e i NN A S
fgen, plvch PEnge, ABE  » ¢ o e 2 o om. v hi@ely TR L
,Vﬁllc vitch range, cbtained from:
Longitudinal stick motion, deg . . b el T R
ERLUEHT RE IS MGrIoN, QB8R VL v m et 15
Direction of rotation: counterclockwise as viewed from
abhovs
”omﬂnt of inertia of blade about flapning axis,
lug f“2 o Ry o e PSR NS el S S lué

’lade weight (one D7dde) 17w TR St R 5%
Blade center of gravity, from § of rotor shaft, in. Qh 3
Drag hinge location, from § of rotor shaft, in.. .9.08
Flapplng hinge ¢ location, from § of rotor
L g D A R LR B gl 8 8 L

»

Tail-rotor characteristics:
e L % a ™% n ok B e i o Tt RS N
a4 ) e S S L e
S m s e SO DA A o ) e
TR
Blade area (total, three blades), sq ft . . . . L.92
PO EET Y J . s s 3.8 Bt e el et kB OO
e pLEok Pangs; Geg . v wlh d w v wos. e seipbet16
Shaft axis setting
-oerontal projection: rotor-shaft axis
2.1° backward from pervendicular to
symmetry of fuselage
Vertical vrojﬁct*o“: rotor-shaft axls perpendicular
to main-rotor-shaft axis.
Distence from hub center to main-rotor shaft, ft. 25.2

Instrumentetion and rethods.- Quantities meawured
during the forwsrd-ilight tests includad the Tfollowing

Al rspeed Nain-rotor pitch
Rotor rpm Tail-rotor pitch
. Engine manifold pressure Attitude angle (shaft
Main-rotor~-shaft torque inclination)
| Tail- rotmr~onaft torque Uowash and yaw flow angles
| Free-alr temperature ahead of the rotor disk
| Intoke-air temperature Oyclic pitéh sonkrol position

Free-alr static pressure
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The free-alr temperaturs and the engine intake-air
temperature were obtained from indicating instruments;
all other quantities were obtained from NACA recording
instruments.

The airspeed was determined by means of a double-
swiveling pltot-static installetion (fig. 5) having its
static holes located a2t a point 253 inches ahead of the
main-rotor shaft and 5l inches below the plene of the
flapping hinges. The instellation was calibrated by
means of a trailing-pitot-static bomb suspended approxi-
mately 100 feet below the rotor. The calibration data
are shown in figure 6.

The engine manifold pressure, intake-air tempera-
ture, and rpm values were used to calculate engine brake
horsepower by use of the calibretion curve given in
Technical Order AN 01-10 DA-1.

The main~ and tall-rotor-shaft torques were obtained
by means of strain-gage torquemeters. The strain-
sensitive elements for the main rotor were mounted on
the driveshaft bstween the gear box and the pylon thrust

saring. Those for the tail rotor were mounted on that

"portion of the driveshaft between the tall-rotor gear

box and the rearmost shaft bearing.

The torguemeter shaft assemblies, including the
strain-sensitive elements and sliprings, were designed
by Baldwin-Southwark Division of the Baldwin Locomotive
Works under contract with the Army Alr Forces. An
NACA recording galvanometer was used to measure the gage
outbput. Voltage control and also a periodic check
throughout each run on the zero readlng and sensitivity
of the galvanometer clrcuit were obtalned with additional

equipment developed especially for the purpose.

The valuss of main-rotor pitch setting and control-stick

(cyelic pitch) position were obtained from control-

position recorders attached to the push-pull tubes extending

from inside the fuselage to the rotor head. The stick
position is referred to the position for zero cyclic
pitch variation. The available stick travel from this

position as measured at the top of the stick is 6.0 inches

forward, 7.1 inches aft, li.1 inches right, and 7.6 inches
left. The emplitude of the:cyellie piteh veriation, in
degrees from the mean pltch value, may be estimated by
multiplying the stick displacement in inches by 1l.25.
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The phase angle of the cyclic piltch action, in degrees
from the rearmost position of the blade, may be estimated
for the vower~on condition by assuming that the maximum
elfect of the longitudlnal stick deflentlon occurs at

a% and 2t 2L5° azimuth and thet the maximum effect of
the lateral sfick displacement occurs at 155° and 3359
azimuth. These estimates must be viewed as approximate,
however, because of linkage play, periodic blade twist,
and the change in the phase of the control action with
changes in rotor torque or rpm.

The values for the tall-rotor pitch were obtained
from a control-vosition recorder attached to the tail-
rotor control cables. This instellation was calibrated
with a small pitch decreasing moment applied to the
blades, to insure that the play in the syst m (roughly 7%
from the mean position) would be taken up in a direction
corresponding to that anticipated for the flight condi-
tions covered.

The attitude angle (main~rotor-shaft inclination
from the vertical, positive rearward) was determined by
means of & pendulum inclinometer,

The yaw and the upwash flow angles were obtalned by
means of a calibrated yaw head mounted on the end of the

airspeed boom (fig. ). These tubes were located 250 inches

ahead of the rotor shaft and 5l inches below the plane
of the flapping hinges. The angles given are referred
to a line in the plans of symmetry and perpendicular to
the rotor shaft. A positive yaw angle corresponds to
right yaw or left sideslip.

REDUCTION OF DATA

The methed of calculation of the majority of the
coefficients presented will be apperent by definition.
The methods of obtaining tip-speed ratio p and rotor
drag~1ift ratio D/L, however, require some explanation.

Tip~-speced ratio p.- Evaluation of the cos a term
in the accepted definitlion of the tip-speed ratio

L eds a X
) = *—EE7”~ requires the dPtePITHBthH of an equivalent
[N

spindle angle for a rotor with no periodic variation of
the rotor-blade pitch angle. This equivalent angle was

5
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determined by adding the amplitude of the longitudinal
component of the rotor-blade cyclic pitch variation
(periodic biede vitch angle change about transverse
axis of ship) estimated from the stick-position datsas to
the measured shaft angle.

Rotor drag-1ift ratio D/L.- The evaluation of rotor
drag-1itft ratio requires a somewhat arbitrary division of
the drag losses into fuselage parasite drag end rotor
profile-drag losses. In this report the drag of the hub
structure and the cylindrical blade shanks has been charged
to fuselage parasite loss. This cdivision is convenient
because the drag of these items varies with forward speed
rather than with rotational speed., It ealso gives a more
correct index of the performance to e expected from later
rotor designs, inasmuch as the relative drag of the hub
structure on the HNS-1 is obviously much greater than that
on any of the wmore recent designs,

In determining the drag-lift ratios of the main rotor
from measured values of shaft vowsr and known values of
gross weight, allowances have been made for the following
factors:

(1) Power required to overcome the parasite drag of
the fuselsge, rotor head, and blade shanks.

(2) Power required to overcome the drag force on the
tall rotor. (This power is totally independent
of the power trensmitted through the tail rotor
shaft.)

(3) Rotor 1lift, in excess of the gross weight,
required because of the d
the fuselage.

The individual wvalues for all of these allowances
have been included in table II in order that their magni-
tude may be noted.

full-scale~tunnel data on the 1lift and drag of the fuselage
of & YR-LB helicopter (AAF Serial No. [j3-20225). These
data were obtained with the alrspeed boom shown in fig-

ure 5 mounted on the YR-LiB fuselage, in order to meke the
data directly applicable to the flight tests. The meas-
ured drag coefficients were increased by 0.000%5, or

about 2 percent, as an allowance for the drag of the

Items (1) and (3) were determined by use of unpublished
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eylindrical blade shanks; this increment was estimated
frou data on yawed cylinders. The fuselage drag and
1ift curves used in the analysis are snown in figare 7.
The wind-tunnel values were obtained over a range of
angles of attack but the fuselage was, of course, not
being subjected to the downwashk from the rotor. As an
approximate allowance for this downwash, the fuselcge
encle of sttack for ths flight conditionu was taken as
equal to the measured angle minus 57.3 CL/’ which

term represents the approximate induced flow angle

at the rotor.

No directly applicable data were available for
evaluation of item (2). As a rational approximation,
theoretical calculations similar in HPiuC;plp to those
of the example of reference 1 were made The process
concisted in finding an airfoil-sectlon profile-drag
value which results in a calculated value of shaft

power equal to the asured value. The ssme profile-

drqp value was thhn u5°d to calculate the power required
to pull the tall rotor. The maximum value so obtained
was 3, ). horsepower:; this value corresponds to maximum
speed. In terms of equivalent drag area, the parasite
drag allowance for the tail rotor was nearly constant,
varying only from 0.5 to 1.0 square foot over the entire
range of combinations of rpm snd speed. The mean blads-
section drag coefficient required to make the calculated
tail-rotor-shaft power equal the measured shaft nower
varied from 0.010 to 0.015.

Tt will be noted that the main-rotor thrust coef-
ficients presented are based on the assumption that
rotor thrust equals rotor 1lift. This assumption 1ls
justified by the fatt that refinsement of the thrust
valve by inclusion of the drzg component would result in
a maximum difference of about 1 vercent.

ESULTS

The test data corrected for instrument errors are
presented in table I. The values of the main-rotor
drag-1ift ratio and other paremeters dasrived from those
date are given in teble TII. ?
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The power-required data for the main rotor obteined
from the torquemeter are plotted agsainst true airspeed
in figure 8. Becsuse the decviations in weight and density
ratio were small, no corrections have been applied for
veriations of these factors from thelr mean values in
preparing the horsepower-velceity plot. A check of the
errcr involved indicated that the maximum correction which
would e anplied to an individual value for horsepower,
in converting to average conditions, would be less than
2 percent. In calculating dimensionless quantities,
however, individual values of weight and density were
employed for each test point. The data of figure & have
been replotted in coefficient form in figure 9. The
main-rotor drag-~lift ratios, obtained from the power
data &3 already described, are shown in figure 10.

The data in figures 3, 9, and 10 have heen grouped
gccording to the values of the nondimensional thrust coef-
fieient Cmp. From an operational standpoint, the thrust
coefficisnt 13 most readlly changed by varying the rpm
of the engine and hence of 'the rotor, and for this reason
a value of engine rpm corresponding to each value. of ¢

1s given. For this purpose the average of the actual
Cp velues within each group has been used. The con-
version frowr Cp to rpm is based on average values of
weight and density and an average download allowance;

as already mentloned, however, the variations in weight
and density are not large enough to be significant in this
connection, and examination of table II will show that

the download variation is likewise small.

No data were taken at speeds below approximately
30 miles per hour because of the difficulty which the
pllot experienced in maintaining steady conditions at
speeds between approximately 30 miles per hour and nsar-
hovering speeds.

DISCUSSTION

Main-rotor power.- Interpolation of the data pre-
sented in figure © indicates a minimum value of main-
rotor-shaft horsepower of approximately 99 horsepower
for cruising rpm (2100 engine rpm, 225 rotor rpm) at a
speed of approximately 4O miles per hour. A reduction
of power required of gbout 3 to L horsepower for every
5-percent reduction in rotor rpm is also indlcated over
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most of the spsed range, including the spesd for minimum
power. This reduction in power required at a given speed
may be attributed to the cowmbined bensfits of operating
at higher pitch anglss end higher tip-speed ratios while
retaining fixed values of parasite and induced losses.
This seme trend toward lower power with lower rpm may be
shown with the data in nondimensional form by plotting
P/1.. sgainst Cr,» since the parasite and induced losses
are flxed by the 1ift coefficient. The form of the
resulting curves is believed to be more suitable for
study, however, 1f the velocity parameter 147 1is

used; such & plot is shown in figure 11. The ratio 1A/C,

1s approximstely equal to the ratlo of the actual veloeity

of flight to that for a 1ift coefficient of unityy the
relation would be exact if ¢ were based on weight
instead of the rotor 1lift, wh%ch includes a varying
percentage sllowance for fuselage download.

Examination of figure 9 indicates that minimum P/L
and hence meximum range will be obtained at a tip-speed
ratio of approximately 0.22, which corresponds to a speed
of 67 miles per hour at crulising rpm. The minimum value
of P/L at cruising rpm,0.265, corresponds to an
equivalent lift-drag ratio of %3.8. If the 1lift allowance
made for the fuselage dowvnload is removed and an allowance
made for the power absorbed through the tail-rotor shaft,
en equivalent weight-drag ratio of 3.5 is obtained for
the aircraft. The values of minimum P/L for-the
various thrust coefficients (see faired curves of fig. 11)
show relatively little effect of rotational speed; in
particular, the reduction in P/L obtained by using
rotational speeds below that for crulising is small. The
ratios just given for the cruising condition, thersfore,
are considered to be reascnably revresentative of the
performance of the aircraft as tested.

The minimum value of main rotor D/L (fig. 10)
1s 0.15, corresponding to an IL/D of 6.7. This value
was obtained from data taken with wide-open throttle.
Inspection of the data of figure 10 indicates that
appreciably higher rotor L/D values might be expected
if higher tip-speed rstios could be reached. The

extension of the tip-speed ratio values by use of lower rota-

tional speed, howsver, was cerried to the lowsest
rotational speed at which ths pilot could control the
alreraft, COCalculations indicate that tip stalliag
should set in at approximately this same combination of

thrust coefficlent and tip-speed retio values; consequently,
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further increase in tip-sveed ratio and L/D would have

to be obtained by an increase in forward speed rather than

by reduction of rotational speed.

Teil-rotor~sghaft power. - Inspection of ths values of
the tail~”otor pewer given inteble T will indicate that
for speeds between 25 qnd €0 miles per hour the tail
rotor absorbs from 3 to 4 shaft horsspower at normsl rpm.
These data sre shown plot*ed against velocity, with the
data points grouped according to main-rotor thrust coef=-
ficlient, in figure 12. Some effect of speed is evident,

the tendency being a decreasse in shaft power with increase

in speed, There are elso indicatlons of sn effect of
tail~rotor rpm on shaft power; this effect is most con-
sistently evidenced in ths top-~speed data (70 to 80 miles
per hour, flight 9), which data indicate a reduction from
about 3.5 horsepower to about 2 horsepower as the engine
rpm is rpdu00d from 2250 to 19L0.

Analysis indicates that the shaft power absorbed by

the tail rotor will very with the yaw angle of the
held copter. * Teo evaluats this effect a2 continuous record
was teken at TO miles per hour with the yaw angle slowly
increased and decressed through a range of +159, A
change of one horsepower in the tail-rotor-shaft power
for ewvery 5.50 yaw was 1ndicated, the lower shaft power
eorresponding to right yaw or left sideslip. 1Inspection
f the yaw angle values given in table T in the light of
this relation indicates that the maximum error in t 1il-
rotor~shaft nower, resulting from yaw of the alrcraft, is
avproximately C.5 horsepower.

The power sbsorbed by the drag of the tsil rotor has
already Dbeen ‘discussed Iin the sectlion entitled Reduction
of Data.

CONCLUSIONS

The level-flight performence data obtained on the
HNS~1 helicopter, as tested at a gross weight of approxi~
mately 2560 pounds and equipped with the original set of
main-rotor blades, indicates the following conclusions.

1. The minimum sheft power rsquirsd by the main rotor

at cruleing rpm (225 roter rpm, 2100 onrlno rom) was
po3owLﬁatelv 99 horsepower at a speed of 140 miles per
hour.
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2. The shaft power absorbed by the tall rotor at
crulsing rpm was approximeately 3 to L. horsepower over
range of speeds from 25 to 80 miles per hour.

3. A reduction of 5 percent in rotor rpm results in

a reduction of approximately 3 to I, horsepower in the

value of maln-rctor-shaft power, at or near the speed for

minimuam power.

i. The maximum 1lift-drag ratio for the main rotor
was aporoximately 6.7. A higher L/D could probably
be obtained if higher speeds could be reached.

5. A waximum value of weight-drag ratio (ratio of
weight to the drag equivalent of the total rotor-shaft
nower) of %.5 was obtained at a speed of approximately
67 miles per hour.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I
LEVEL FLIGHT DATA SUMMARY

Flight No, 3 6/30/dd
Fun no. 1 2 3 4 5 6 7 8 9 10 1 12 13
Calibrated airspeed (mph) 65.6 60.6 55.0 51.8 137.3 29.3 25.2 40.4  40.8 41.3  47.4  48.6  48.7
Density ratio, P/Po 913 915 .922 918 .923 .92 923 923 ,923 915 .916 .91 .920
True speed (mph) 68,6 63.3 57.3 54.1 38.8 30.5 26.2 42.0 42.4  43.1 49.5 50.8 50.8

Gross welight (1lbs) 2600 2597 2594 2591 2588 2585 2582 2579 2575 2572 2569 2566 2563

Rotor rpm 222 221 221 222 223 219 22 216 209 235 219 238 213

Engine rpm 2070 2060 2060 2070 2080 2050 2070 2020 1950 2190 2040 2220 1990
8.27

Atmos. pressure (in. Hg) 2
Free air temp. (OF)

28.30 28.52 28.38 28,55 28.53 28,54 28.54 28.53 28.31 28.35 28.43 28.48
™ o1 1117 1/ T
Intake air temp. (OF)

T 7 17l f {71/ 14 111

- - -— -— e - . e e

5 25,2 23.0 2.4 19.1 21.0 22.4 21.5 20.8 21.6 20,9 23.0

T
Manifold oressure (in. Hg) 27, 21.6
163 149 135 126 12 123 132 124 116 132 igg 129 131
89

Brake hp (power charts)

Hp, main rotor (shaft) 130 122 110 103 97 102 98 92 105 104 109
Hp, tail rotor (shaft) e — - — — -~ -— - - -— - —
Pitch, main rotor (deg) 0.1 9.6 93 8.5 75 87 91 &2 9.0, 785 ‘gt Sais. g%
Pitch, main rotor (deg) 1.0 .3 51/ ot -5 o .5 il .6 -5 -1 -.8 ok

Yaw engle (deg) -5 L5 <1 1.2 631 18 10 04 0.9 1.3 1.5 0.9 2.7
Shaft inclination (deg) 6,0 =52 -3.8 -37 -1.5 -.3 .1 -1.8 -2,0 -2.1 -3.3 -3.6 -3.7
c.g. (in. behind shaft) -.6 -6 -.6 -7 -7 -7 -.8 -8 -8 -9 -.9 -9 =9

Upwash at A.S. head (deg) -5.6 <5.0 -3.8 -2.4 1.8
Stick position (in. fwd.) 2.9 1.8 1.9 Lok 1.3
Stick position (in. left) 4.3 4.3 3.4 3.4 2.7

29 -1,2 0.0 2.5 =2.8 -2,1 -4.3
13 1.6 1.7 1.3 14 11 17
3.5 3.2 36 30 33 28 3.2

‘ON YW
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Run no.

Calibrated alrspeed (mph)
Density ratio, p/po
True speed (mph)

Gross weight (1lbs)
Fotor rpm
Engine rpm

Atmos. pressure (in. Hg)
Free air temp. (OF)
Intake air temp. (°F)

Mani fold pressure (in. Hg)
Brake hp (power charts)
Hp, main rotor (shaft)

Hp, tail rotor (shaft)
Pitch, main rotor (deg)
Pitch, tsil rotor (deg)

Yaw angle (deg)

Shaft inclination (deg)
¢c.g. (in. behind shaft)
pwash at A.S. head (deg)
Stick position (in. fwd.)
Stick position (in. left)

TABIE I (eont.)

LEVEL FLIGHT DATA SUMMARY
Flight No, 4

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

/5 bk
4 5 7 8 9 11 12
45.1  46.6 46.3  36.7 35.9 36.6 36.6
927 .93 923 .920 922 920 .920
46.8  48.3 48.2 38.3 37.4 38.2 38.2
2585 2582 2576 2574 2571 2565 2563
237 223 207 239 222 213 205
2210 2080 1930 2230 2070 1990 1910
28.3, 28.41 28,33 28.24 28.29 28.26 28,19
70 69 72 72 72 T2 72
20.9 21.0 20.5 20.4 20.3 20.9 20.7
129 125 114 127 119 19 114
110 104 9% o5 99 V) 93
3.1 209 207 3.7 3:4 303 3.1
7.6 8.4 9.3 T.4 . 8.1 8.9 9.3
-0.3 0.7 1.0 0.1 1.0 1.3 1.7
0.3 0.0 -0.9 '006 005 262 «3.2
-2.7 -2.7 2,8 <1,7 -1,8 -1.7 =17
“e '08 -08 -09 -59 -09 -100
-1.8 =1l.4 -.8 1.0 1.3 1.0 1.0
1.3 1.4 1.9 1.2 1.3 L5 1.5
2.9 3.2 3.8 3.2 3.4 3.5

2.7
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TABLE X (cont.) NATIONAL ADVISORY

LEVEL FLIGHT DATA SUMMARY COMMITTEE FOR AERONAUTICS

Flight No, 4 (eomt.) 74777

Run no. 14 15 16 17 18
Calibrated airspeed (mph) 50.1 31.2 31.1 31.2 31.1
Density ratlo, p/p, 919 920 921 914 .91
True speed (mph) 52,2 32,5 32.4 32,6 32,6
Gross weight (1bs) 2557 2555 2552 2549 2546
Rotor rpm 223 221 27 211 207
Engine rpm 2080 2070 2210 1970 1930

Atmos. pressure (in. Hg) 28.15 28.20 28.25 28.05 27.93
Free air temp. (oFg ™ o n T2 72
Intake air temp. (°F)

- — - - o

Manlfold pressure (in. Hg) 20.4 20.5 20.6 22.0 20.7

Brake hp (power charts) 121 120 127 125 1ns
Hp, main rotor (shaft) 100 100 104 102 9%

Hp, tail rotor (shaft) 34 3.4 4e2 5 5 3.6
Piteh, main rotor (deg) 8.4 8.1 7.5 9.3 9.3
¢iteh, tail rotor (deg) 2 1.9 o 1.5 1.5
Yaw angle (deg) -1,2 6 =09 0.0 -09

-2
Shaft inclination (deg) -3.8 <09 <-1.0 <-1.0 =10
c.g. (in. behind shaft) «1,0 =1.1 =-1.1 =1l.1 =-1.,2

Upwash at A.S. head (deg) <~l.4 3.0 1.9 0.7 3.0
Stick position (in. fwd.) 1.3 153 132 1.4 1.4
Stick position (in. left) 3.0 2.9 2ol 3.5 3.7
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NATIONAL ADVISORY
S COMMITTEE FOR AERONAYT)Qg

LEVEL FLIGHT DATA SUMMARY

Flight No, 5 7/25/44

Run no. 1 2 3 4 5 () 8 9 10
Calibrated airspeed (mph) TL.5 60.4 49.2 42.0 32.2 33.6 36.4 51.4 65.1
Density ratio, p/p, 915 915 915 .96 916 .919 .918 918 916
True speed (mph) TAiT 63.1 51.4 439 33.6 350 38.0 53.6 68.0
Gross weight (1bs) 2539 2533 2533 2527 2521 2521 2515 2515 2512
Rotor rpm 227 225 225 225 224, 226 23 225 223
Engine rpm 2120 2100 2100 2100 2090 2110 2090 2100 2090
Atmos. pressure (in. Hg) 28,71 28.66 28,71 28.72 28.65 28.77 28.80 28.80 28.77
Free air temp. (OF& 84 84 84 83.6 83.0 83.6 8,6 8.6 84.6
Intake air temp. (°F) - - - - -_ - - - -

Manifold pressure (in. Hg) 27.8 23.7 20.4 20.4 2.4 20.7 21.2 22.6 25.8
Brake hp (power charts) 169 140 121 120 126 123 124 134 154
Hp, main rotdr (shaft) L6 120 9 97 105 100 103 113 130
Hp, tail rotor (shaft) 2.5 4.0 41 4.2 L3 4.3 4.7 4.0 3.3
Pitch, main rotor (deg) 10.3 9.1 8.2 8.1 8.2 7.9 8.2 8.7 9.6
Pitch, tail rotor (deg) o7 .6 o L . 124 1.2 .8 . A

Yaw angle (deg) -3 ".‘ '3 --9 -.8 o-o 0.6 0.0 0.0
Shaft inclination (deg) %.5 -5.2 =3.3 -2.4 =-l1 ~-10 =17 =41 6.5
c.g. (in. behind shaft) -6 -6 -6 -7 -8 -8 8 -8 -8
Upwash at A.S. head (deg) -5.8 -4.0 -9 -1.5 =-1l.4 - 0.0 2.0 -4.0 =5.5
Stick position (in. fwd.) 1.9 1.8 1.5 1A 1.4 13 1.3 1.5 127
Stick position (in. left) 4.3 35 3.0 2.9 2.9 2.9 3.0 %2 3.9
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NATIONAL ADVISORY

TABIE T (comt.) COMMITTEE FOR AERONAUTICS

LEVEL FLIGHT DATA SUMMARY
Flight No, 9

Fun no.

Calibrated airspeed (mph)
Density ratio, p/p,
True speed (mph)

Gross weight (1lbs)
Fotor rpm
Engine rpm

Atmos. pressure (in. Hg)
Free air temp. (OFg
Intake air temp. (“F)

Manifold pressure (in. Hg)
Brake hp (power charts)
Hp, main rotor (shaft)

Hp, tail rotor (shaft)
Pitch, main rotor (deg)
Pitch, tall rotor (deg)

Yaw angle (deg)
Shaft inclination (deg)
c.g. (in. behind shaft)

Upwash at A.S. head (deg)
Stick position ( in. fwd.)
Stick position (in. left)

1
74.8
<543
T7.0

2583

29.03
90
27.9
154
4.0
0.8
23
-1.6

7.2
1.2

2 3 4 5 6 7 8 9 10 1 12 3

Th.4 T4 T2.1 T0.5 TLO  70.1 T1.7 72.8 Tk T5.2 740 4.0
935 .932 .932 .930 .930 .926 .925 .924 .925 .930 .99 .93
7.9 74.0 TS T T73.6 T3.0 745 75.8 Th.2 TB.O 6.8 76.8

2580 2577 2571 2571 2565 2562 2556 2553 2552 2550 2550 2547
20 206 205 204 211 212 219 217 28 227 228 29
2240 1920 1910 1900 1970 1970 2050 2030 2030 21 2130 2130

28,85 28.91 28.91 28.85 28.93 28,83 28.80 53.75 28,71 28.83 22.81
78 78
90 86 90 90 93 90 92 92 92 100 95 100

7.8 28,2 28,2 28,0 28,0 28,0 28.0 279 279 27.9 219 219

177 159 158 155 160 161 166 168

153 134 134 134 137 137 12 LO 0 U4 U6 M7
2.7

3.5 2.0 2.4 L7 2.7 21 26 26 29 33 29
9.7 1.2 12,2 122 1.7 1.7 1.2 1.2 1.2 1.0.6 10.6 1.6
61 1.5 23 L7 L5 1.1 1.1 1.0 1.2 0.7 1.0 0.8

ﬂ‘? w. 5 .10 5 .117 .102 -006 ﬂc9 .10‘ .1'7 -0.8 .L3 .u
8.5 7.8 T.8 1.6 7.6 1.8 8.3 -8.6 <8k H.2 HD.2 9.2
-1,6 -1,7 =17 =-1.7 -1.8 =18 <19 =19 -1.9 =-1.9 -1.9 <2.0

7.2 ‘6.8 .507 .5-7 éoa ‘.8 .705 .70‘ = 'qos =7.7 .8.2 ‘8‘2
0.9 2.0 2.3 2.6 2.2 2 Ly 1.4 1.8 1.8 1.2 1.1 1.1
4.0 5.7 5.8 6.2 6.2 5.6 4.9 5.0 49 4.6 4S5 4.5
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TABLE I (cont.)
LEVEL FLIGHT DATA SUMMARY

202-d

NATIONAL ADVISopY

Rotor rpm
Engine rpm ,

Atmos.

Clog

COMMITTEE Fog
At
Flight No, 9 (cont,) 9/16/44 RONAY Tigs
Run no. 14 15 7 18 19 20 21 22 23 24 25
Calibrated airspeed (mph) 7.3 76.0 69.0 69.3 68.6 68.3 62.8 66,0 67.0 66.0 67.0
Density ratio, p/p, 936 .931 932 932 933 935 .940 .935 .937 .936 .935
True speed (mph) 78.9 78.8 7.5 TM.8 7T1.0 70.6 64.7 68,2 69.2 68.2 69.3
Gross weight (1lbs) 2538 2538 2529 2526 2523 2523 2520 2517 2517 2514 2511
234 237 220 215 228 229 227 228 229 222 218
2180 2200 2060 2000 2130 2140 2110 2130 2140 2070 2040
pressure Sin. Hg) 28,92 28.90 29.05 29.05 28.89 28,94 29.03 28,88 28,94 28.96 28,88
Free air temp. (°F) 7% 78 78 78 5t 171/ 7% 76 % Y4 76
Intake air temp. (OF) 110 110 1056 105 100 100 100 100 96 92 98
Manifold pressure (in. Hg) 27.9 27.9 26,1 26.1 24.7 24.7 23.0 229 22.9 2.8 24.7
Brake hp (power charts) 170 174 152 149 150 150 139 138 41 147 145
Hp, main rotor (shaft) U8 151 133 130 129 129 17 118 118 126 123
Hp, tail rotor (shaft) 3.4 3.4 207 2e°7 33 3.6 ) 37 3.9 Fe2 3.1
Pitch, main rotor (deg) 10,1 10.1 l0.6 10.6 9.6 9.6 9.1 9.0 9.0 10,2 10.1
Pitch, tail rotor (deg) 0.5 0.8 152 0.8 0.4 0.3 0.2 0.8 0.0 0.8 1.2
Yaw angle (deg) -1.0 -1.2 -1.6 -1.1 -0.3 -0.1 =0.5 =21 <0.9 <0.6 =-2.1
Shaft inclination (deg) -905 '906 -800 .8.2 '8-1 .8.1 -6.8 ‘7.8 .7.8 -7.9 .8-1
(in. behind shaft) -2.1 =2.1 =2,2 =2,2 =2.2 =3.2 =2.3 =23 <2.3 =2.3 <=2.4
Upwash at A.S. head (deg) <=8.6 =8.4 7.5 7.5 -1.0 <7.6 <5.4 <-6.6 -5.6 -7.8 -7.2
Stick position (in. fwd.) 0.9 1.0 5 L) 1L 0.8 0.7 0.8 0.7 0.8 0.8 0.8
Stick pOSitiOﬂ (ifl. 1eft) 4-2 Lol 405 4-5 3'8 307 3.5 3.‘ 305 4-1 ‘Oo
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TABLE II
ROTOR DRAG-LIFT RATIOS AND RELATED PARAMETERS

DERIVED FROM LEVEL-FLIGHT DATA

v v ) (Cr,) c c 2Cp Cp %p P (2) <9 (2)
Flight|Run (mgh) (mph) M m uncor| 8¢f | ar, | ACp | Cr ?% 5 T = e G = L/oe \NC ¢ \2/p
3 1 [65.6 |68.6 [10.1|0.22 0.216 | -3.1 —3.1 0.005 [0.221 | 3.66 [0.0055 [0.0322(0.3%9 [0.061) [0.267 |0.086 [0.00L [0.177
2 |60.6 [63.3 | 9.6| .20 .251 -ﬁ.6 -8.8 .00 .256 ﬁ.aé .0055 | .0321( .320( .0580| .272| .073%| .003| .196
3 |55.0 |57.3 | 9.1| .190 294 | -L.2| -8.0 | .00k | .298| L.97| .005L | .0316| .285| .052L | .27L| .062| .003 | .209
L |51.8 55.1 8.5| .179 .335 | -L4.8| -8.5 .004 | .339| 5.66| .005L | .0316| .267| .0492| .273| .055| .002| .216
Z 37.3 [38.8 g.s .127 .625 iﬁ'h -10.9 .006 | .660(11.00| .0053 | .0308| .226| .0426 .ﬁ}u .030| .002| .299
29.% [30.5 7| .102| 1.043 [-14.9|-15.2 | .008 [1.051|17.52| .0055 | .0318| .258| .oh72| .L58| .020| .002| .L36
g 25.2 |26.2 g.l .087 | 1.399 [-20.0[-19.9 | .012|1.411|23.51| .005k | .0311| .263| .0491| .560| .016| .002| .542
ho.g L2.0 2| L2 .551 | =7.9| =9.7 | ..005 .526 9.27| .0056 | .0327 .2&1 .o482| .336| .035( .002| .299
9 |Lo.8 |42.4 | 9.0 .149 .538 | -7.7| -9.7 .005 | .543| 9.06| .0060 | .0351f .28L| .o471| .313| .035| .002| .275
10 (41.3 (43.1 6.5 .13 .321 -7.8 -9.6 | .005| .526 8.57 .0048 | .0278| .229| .0478]| .352 .037' .002 | .313
11 hg.é h9.g .5 .16@ o -5.8(-9.1 | .005| .L12]| 6. 3 .0055( .0321| .278| .0 og .301| .0L46| .002| .25%
12 |L8.6 [50. s R .37 -5.4| -9.0 | .ooly| .282| 6.38| .00L6| .0270| .217| .046B| .295| .oL9 | .002| . g
13 |L48.7 [50.8 | 9.6 .175 37 | -5.4] -9.1 | .005| .379| 6.31| .0058| .0337| .318| .0548| .310| .050| .002| .25
L 1 |55.8 [58.0 | 8.1]| .178 .290 | =4.2| -8.6 | .ooL| .2 L.91| .oo47| .0272| .252| .0540| .2 .063 | .003| .2
2 |5 .g 26.9 8.L4| .188 .582 -4.3| -8.4 | ook .38 Z.go .00 K .031l, .220 .ozgz .223 .06; .oo; .136
3 |55.8 |58.1 | 9.9| .201 .286 | -4.1| -8.3 | .00k | .290| L.83| .0060| .03L9| .330| .0550| .268| .059 | .003 | .207
L |45.1 |L6.8 Bl A7 | -6.4] -9.1 | .005 | .452| 7.52| .0047| .0272| .230| .0492| .338| .oL2| .002| .29L
5 hz.é L8.3 g,u .1%% .Lag -6.1 -8.8 .00L | .L430 7.?5 .0053 | .0307| .263| .0 %o .239 .olly | .002 .223
6 |L5.0 [46.7 | 9.1 .162 Ll -6.4| -9.1 | .005| .L453| 7.53| .0059| .03 .288| .oL486| .296| .oL2 | .002]| .252
L6.3 |L48.2 .3| .168 430 | -6.2| -9.0 | .ool | .43L| 7.2 | .0061| .0356]| .2 .ou8L | .281] .o .002| .2
g 36.7 58.i z.z .118 .%28 -9.4 -1?.1 .00 .%2 11.07| .ooLé .0228 .ag; ,oﬁ71 .396 .o%% .002 .323‘
9 135.9 |37. il| T .701 |-10.0{-11.8 | .006 | .706(11.77| .0053| .0310| .255| .0478| .383| .029 | .002| .353
10 (38.0 |39.6 | 8.8] .137 .619 | -8.9(-10.6 | .005| .62l |10.40| .0059| .0341| .280 .ou7g .3&3 .031| .002 | .30
11 |36.6 |38.2 | 8.9 .131 667 | -9.5(-11.2 | .006| .672|11.20| .0058| .0%36| .288 .ohg .375| .030| .002| .3
12 |36.6 [38.2 | 9.3| .136 .669 | -9.61-11.3 | .006| .67k |11.2l| .0062| .0363| .30 | .o04B7 | .353 | .03%0 | .002| .322
13 |41.5 |43.3 | 8.3 .1l 519 | -7.4]-9.7 | .005] . 8.73| .0053| .0311| . L0466 | .321| .037 | .002 | .282
1 so.g 53.2 8.3 .17% .269 -E.g -3.0 .00 .?23 6.1; .oogg .0209 .5%2 .oﬁsg .278 .ogl .002 | .22l
15 |31.2 |32.5 | 8.1 .108 -904 [-12.9 [-13.8 | .007 | .911|15.19| .0053|-.0310| .260| .0L488 | .4L8| .022 | .002 | .L2L
16 [31.1 [32. 7.5| .100 .919 |[-13.2 |-14.2 | .008 | .926(15.4L .boué .0269 | .219| .o472 | .L68| .022 | .002 | .Llly
17 |31.2 |32. 9.3| .113 .911 |[-13.0 |-14.0 | .008 | .918 15.30 .0059 | .0342| .306| .0520 | .L4S6| .022 | .002 | .432
18 |31.1 [32.6 | 9.3| .115 .920 |-13.2 |-14.2 | .008| .92815.46| .0061| .0356| .301| .0L92 | .422 | .022 | .002 | .398

NATIONAL ADVISORY
‘ COMMITTEE FOR AERONAUTICS
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ROTOR DRAG-LIFT RATIOS AND RELATED PARAMETERS

TABLE II - Continued

DERIVED FROM LEVEL-FLIGHT DATA

L=595

CL Cp Cp P 2) (g)p

n uncor e | 80 L ra 103 | Cp T L/pr NL ot
1|71.5 |74.7 [10.3[0.238 | 0.177 | -2.5 .0 [0.004 0.182]| 3.02 .352 0.0682 0.281 (0.0l |0.004
2 60.2 63.1 3.1 .20 : gs -3.5 .7 | .ook | .250 §.15 .gﬁs .057 .zg7 .075 | .003
3 (49.2 [51.4 21016 361 | -5.2 .5 | .ook | .305| 6.07 .26 | .0L77 | .282| .055 | .002
2.0 [43.9 [8.1] .142| .503 |-7.2| -9.6 | .005 | .508] 8.47 .2L1| .ol7o| .325] .038 | .002
% %2.2 3%.2 8.2| .108 873 F12.5 6 | .o07 | .880 1h.27 .iua .0511 .ﬁél .022 | .002
23.6 |35.0 | 7.9] .11k 770 [-11.0 0| .006 | .776(12.75 o L0483 | .22 .022 | .002

8 |36.4 |38.0 | 8.2| .12, .66 -9.6 .2 | .006| .673|11.20 .262| .05071 .Loo| .0%0 | .002
9 [51.4 53.6 8.7| .173 .33 -ﬁ.s 8.9 | .ook | .342]| 5.70 .280| .0547 | .310 .oag .002
10 |65.1 |6B.0 | 9.6| .220 212 | -3.0 .5 | .005 ]| .217| 3.62 .331| .0629 | .279| .0 .ool
1 .8 L) 6| .230 .16 =2.] 7| .005) .170| 2.8 .298 | .0662| .281| .1 .ool
2 3&.& ;2.9 3.7 .2?1 .16; -2.% E .002 .153 2.8 .ﬁgg .066l; | .280 .11% .00k
3 |71.4 [74.0 .2| .258 .183 | -2. .005 | .1 3.1 5 .0682 | .256( .102 | .005
I 2 T .2| .260 .181 | -2.6 L | .005| .186| 3.10 .431| .0685| .25) .1og .005
2 70.5 | 73.1 .2| .25 192 | -2.8 L[ .005( .197( 3.29 Lo 0682 .260] .098 | .005
.0 [73.6 T 7 .190 | -2.7 3 | .005| .195( 3.26 Lo8| .068L | .265| .099 | .00L

oL .0 7| -246 191 | -2. .5 | .005]| .196| 3.27 .Lo5| .0683 | .267| .0 . 00|
g .g ;ﬁ.g .E .gﬁz .183 -a.z .9 | .00 .188 ;.15 .376 .0682 .zzz .18% .oot
9 .8 1175. 2| .248 77 | -2.5 .1 | .0061| .183| 3.05 .382| .0680| .262| .107| .005

5 2 e .18 -2.6 .0 | .006| .190| 3.16 .381| .0682| .269| .103} .00

_% ;3.0 .6 .§ﬁ2 .16 -2.4 .6 | .006 .1?2 2.87 345 .0667 .262 ol .oog

.0 |76.8 .6 .240 A7 | 2.4 .6 | .006| .177| 2.95 3431 .0674| .270| .111| .005

.0 ]76.8 .6 .20 170 | -2. .6 | .006) .176] 2. L0678 .272| .112! .005

.3 %B.g 110.1 .gﬁl 1160 -2.% .8 | .006 .126 2.; .322| .0668 | .267| .119| .00

.0 | 78. L1 .237 .161 | -2.3 .9 | .006| .167| 2.78 2315 .0670| .273| .11 .00
8| 75.4 .7 .238 178 | -2.6 .8 | .006| .18L| 3.06 2355 .0681 | .27L4 | .107 | .ook
.0 7;.2 .E .2%5 .182 -2.8 .8 | .006| .198] 3.31 .5%2 .06l .26% .098 | .00k
T [ AT L6 .2l 189 | -2.7 .9 | .006| .195| 3.2} .3 L0647 | .261| .100 | .ooL
6| 71.0 6| .22 ol -2.8 - .006 | .201| 3.3L .302| .0605| .262| . .00l

.a 70.6 .6 .223 .13 -2.8 .3 .006 | .200 g.ga .296 .oéog .26l .8%5 .0

‘ Zh.7 .1 .208 225 | -3.2 .0 | .005 | .230| 3.85 277 | .0555 | .263 .o‘u ©.003

.0 68.2 [ 9.0 .215 .209 | -3.0 *.006 | .21l 5.37 .276| .0556 | .251| .091 | .00

.0 63.2 9.0| .217 .202 | -2.9 .005 | .207| 3.47 .271| .0553 .2%7 .09 | .00
.0] 68.2 .2| .220 .210 | -3.0 .006 | .216 3.29 2318 0609 | .2 g .091 | .ook
.0| 69.3 .1 .228 .202 | -2.9 .006 | .208| 3.L5 .327| .0606| .258( .09k | .ool
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Figure 4.- Planform dimensions of YR-4B main- and tail-rotor blades.

In 1nches
scale: 1"z 24"

‘ON dW

0TDG1



L-595

MR No. L5C10

Figure 5.- Airspeed boom and details of pitot-static and ﬂow-angle
pressure-tube installations.
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Fuselage drag and 1ift curves as used in reduction of data;

Figure 7.-

HNS-1 helicopter.
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Ratio of equivalent drag P to 1lift L for the main
rotor; HNS-1 helicopter in horizontal flight.

Figure 9.-
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Figure 10.- Drag-lift ratio
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Figure 11.- Equivalent main rotor drag-lift ratio, P/L, ws. the velocity
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