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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

‘MEMORANDUM REPORT
for the
Army Air Forces, Materiel Command
AIRFOIL SECTION DATA FROM TESTS OF 10 PRACTICAL-
CONSTRUCTION SECTIONS OF HELICOPTER ROTOR BLADES
SUBMITTED BY THE SIKORSKY ATIRCRAFT DIVISION,
UNITED AIRCRAFT CORPORATION

By Neal Tetervin
SUMMARY

At ‘the reguest of the Army Air Forces, Materiel
Command, 10 practical-construction models of sections of
helicopter rotor blades bullt by the Sikorsky Aircraft
Division, United Aircraft Corporation, were tested in
the NACA two-dimensional low-turbulence pressure tunnel
at atmospheric pressure.

Lift, drag, and pitching-moment characteristics of
blades representing the present method of construction
of the YR-l|A helicopter were determined. Similar data
were obtained for other models representing the YR-LA,
XR-6, and XR-5 helicopters to determine the effect of an
abrasion strip at the leading edge, of improving the sur-
face fairness and smoothness near the leading ecge, of
halving the rib spacing, of making the blades entirely
of plywood, of using a combination plywood and fabric
construction, and of using a thinner airfoil section.
The effects of various model internal pressures on the
characteristics of the fabric-covered models were deter=-
mined. Internal pressures corresponding to various tip-
vent positions were measured on one of the two tip
sections. The spanwise variation of section drag was
also obtained for the tip sections., The tests were made

over a range of Reynolds numbers from O0.74 x 10° to

3.6 x 10® and & correspondirg range of Mach numbers
from 0.130 to 0.376.




The aerodynamic characteristics of the fabric-
covered models used in the present tests were markedly
affected by variations of the internal pressure. Usuvally
the most desirable pressure in the hollow rear portion of
the model was one equal to the free-stream static pressure.
An internal pressure greater than that of the free stream
usuzlly produced an increase in section drag coefficient,
a decrease in section maximum 1ift coefficient, and a
forward movement of the serodynamic center. An internal
pressure less than that of the free-stream static pres-
sure usually produced a slight increase in a section
drag coefficient, a slight increase in section maximum
1ift coefficient, and a slight rearward movement of the
aerodynamic center,

Halving the rib spacing of & fabric-covered model
made the aerodynamic characteristics less sensitive to
the model internal pressure.

Blades having plywood surfaces had maximum 1ift
coefficients no higher than those of fabric-covered
models and drag coefficients about 0.,0013 less than
those of the best fabric-covered models.

INTRODUCTION

The characteristics of smooth and fair airfoil
sections specified for use on helicopters have been
known for some time as a result of tests 1iIn essentially
two-dimensional nonyawed flow, It has been reallzed,
however, that the characteristics of actual rotor-blade
sections are different from those of smooth and fair air-
foils because of manufacturing irregularities, distortions
of the blade-section shape that occur in flight, and the
vawed conditions in which the blade sections operate.

At the request of the Army Air Porces, Materiel
Command, 10 practical-constructicn models of sections
of helicopter rotor blades bullt by the Sikorsky
Aircraft Division, United Aircraft Corporation, were
tested in the NACA two-dimensional low-turbulence
pressure tunnel at atmospheric pressure. Although these
tests did not simulate the effects of yaw, data were
obtained to determine the relative merit of various
practical types of construction.




Lift, drag, and pitching-moment characteristics of
blades representing the ‘present method of construction
of the YR-LA helicopter were determined. Similar data
were. obtained for other - models representing the YR=liA,

% XRs 6, and XR-5 helicopters.to determine the effect of

an abrasion strip at the leading edge, of improving the
surface fairness and smoothness near the leading edge,

of halving the rib spacing, of making the blades entirely
of plywood, of using a combination plywood and fabric
construction and of using a thinner airfoil. . The effects
of .various 1nternal pressures on the characteristics of
the fabric-covered models were determined. Internal pres-
sures corresponding to various tip-vent positions were

. measured. The spanwise variation of section drag was
valso obtained for the tip sections. The tests were made
- over a rapge of Reynolds numbers from 0. o % 10° to

3,16 x 10° and a corresponding range of Mach numbers

from 0,130 to 0.376.

MODELS

Models representing sectlons of rotor blades from
three helicopters, the YR-4A, XR-6, and XR-5 were tested.
The YR-LA models consisted of a group of five camouflage=-
painted fabric-covered models, the no. 1, no. 3, no. l,
no, 6, and no. 10, representlng sections in the region

" from the blade tip to approximately 9 feet from the tip.

The YR-LA no., 10 model was built with half the rib spacing
of the -others and the YR-lA no. l. was built without a
leading~edge abrasion strip. In addition to tests in’

"its.original condition, the YR~lA no. 10 was also tested

with the forward third of the model surfaces faired to

the contour of the NACA 0012 airfoil section with pyroxylin

glazing putty and sanded smooth, Although the texture
of the finish over the forward third of the model sur-
faces was made smooth to the touch, there were local
bumps - just to the rear of the quarter-chord line that
could not be removed by sanding. The YR-lA no. 10 model

- with the forward third made smooth and fair is called
the YR=l{A no. 10 (Smooth Forward Portion). The models

were to represent the NACA 0012 airfoil section but, as

constructed, were about 125 percent. thick.,  Additional

information for these models is given in table I and
figures 1 to 6. The crack at the juncture of the
leading-edge abrasion strip and the remainder of the
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model that can be noticed ‘in figure 6(@) occurred
after the model tests had been completed.

Three XR-6 blade sections, the XR=6 no. 1, no. 5,
and no, 7 models representing the portion of the blade
between the tip and approximately 9 feet from the tip
were tested., The models were of plywood construction
and were painted with camouflage paint by the manufacturer.
Measurements of the models showed them to be just about
12 percent thick. Additional information for these
models is given in table I and figures:.7 to 9.

Two XR-5 hlade sections which represented the
portion of the blade close to the tip were -tested. The
models were of combination plywood and fabric construc-
tion having plywood laid over ribs and camouflage-painted
fabric over the plywood. The two XR=5 models 'differed
from one another in the extent of plywood on one of the
surfaces. The ordinates of the two XR-5 sections, obtained
from measurements of one of the models, are approximately
those of the NACA 0010-6lL airfoil section (reference 1).
Additional informatlon for these models is given in
table I and figures 10 and 11.

All the models were tested |as received except for
filling a few gouges obviously caused by handling and
lightly sanding the upper surface of the XR-6 no. 2 tip
section before testing. After the drag measurements
for the YR-LA no. 1 tip section were completed, six vent
holes were installed. The model internal pressures were
then measured with all the vent holes se.3d, except the
one for which datd were being obtained. The vent holes

were all of E7—inoh diameter, PFive were on the lower
16

surface S—inch inboard of the solid wood which formed

the outer 6%finches of the tip section and were located

at 38, 50, 60, 70, and 80 percent of the chord from the
leading edge in a plane perpendicular to the quarter-
chord line. The vent holes were made by doping a strip
of aircraft fabric over the model fabric in the region
in which the holes were to be located, cutting the holes
through the two thicknesses of alrcraft fabric, and
smoothing their edges. The sixth vent hole was drilled
from the extreme tip through the solid tip portion and
into the hollow part of the model. The location of the
tip-vent hole is given in figure 12, -
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TEST PROCEDURE

The tests in the NACA two-dimensional pressure
tunnel were made at atmosvheric nressure in ordsr to
keep the same relation between the Re jmolds number,
Mach number, and dynamic pressure as in flight.

The wind tunnel is briefly described in referencs 2.
All the models exceont the two tin sections extended
almost from wall to wall of the tunnel. Gaps just large
enough to allow the model to pitch freely during
measurementcs of the piltching moments were left at the
model ends. Because of the small size of the end gaps,
about 1/32 of an inch, it is believed that the effect
of any air flow through these gaps on the measured
lifts, drags, and pitching moments was negligible. The
two tip sections were mounted cantilever from one wall
of the tunnel leaving an ll-inch gap vetween the model
tip and the other wall of the tunnel.

The aerodynamic data were obtained at the smallest
Reynolds number first and the highest last. The chords
used in calculating the Reynolds number are given in
table II. The lifts were measured by evaluating the
reaction of the model on the floor and ceiling of the
tunnel from measurements of the pressures on the floor
and ceilinz (reference 2). Although the models did not
have uniform chord along -the span, no change was made
1n the usual method of obtaininz the 1ift. Any error
caused by the taner of the models is believed to be
small,

The drag coefficients for the complete span models,
obtained by the wake-survey method, were the average
coefficients over the center portion of the models. In
table II, which.lists the tests of each model, are given
the spanwise distances over which the drags were measured,
The drag coefficient of the two tip sections has been
based on a 10-inch chord. The variation of chord along
the span of the two tip sections is given in figure 13.

The pitching-moment coefficients were obtained
from measurements on a balance (reference 2).

RBecause some of the test Mach numbers were higher
than those at which tests are usually made in the




NACA two-dimensional pressure tunnel, the customary
methods of computing the data were modified to include
the compressibility correction to the measuréd dynamic
pressure, The wake-survey method of obtaining drag was
corrected for compressibility by using the charts in
reference 3%,

The ususl corrections to the 1lift, drag, and
pitching-moment coefficients for tunnel-wall effect
have been applied to the data for all the models except
the two tip sections. The corrections used were:

0.955cy !
0.998odY

S

1

cm = 0.998cy!

2
O
il

1.00haqT

for the YR-liA no. 3, no. !, no. 10, no. 10 (3mooth Forward
Portion), and XR-6 no. 5 models, For the YR-LA no. 6,
XR-5(a), XR-5(b), and XR-6 no. 7 modsls, the corrections
Were :

2
O
i

1.006a!
The primed symbols denote values obtained in the tunnel.

Tunnel-wall corrections have not been applied to
the data for the tip sections because of the small
magnitude of the corrections for a full-span model of
the size of the tip sections and because the corrections
usually applied were derived for constant chord models
which completely span the tunnel, Because of the
questionable accuracy of profile~drag measurements made
by the wake-survey method in the region of strong tralling
vortices, such as were present 1n the tip region of the
models, the compressibility corrections have not been
applied to the measured drags for the two tlp sections.
The corrections would reduce thg drag coefflclents by

1 percent at a Mach number of 0.280 and

approximately 22
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5 percent at a Mach number of 0,375. During tests of
the tip sections, the wake-survev rate was aboub

1 o Wy : o A
2= feet behind the trailing edge of the models.

The full-span fabric-covered models and ths fabric-
covered tip section were tested with the internal pressure
in the hollow rear portions of the models equal to the
free-stream static pressure and to pressures greater and
less than the free-stream static pressure by 20 inches of
water. The free-stream static pressure is the pressure
that would exist in the tunnel test section for the
conditions at which the tests were made but with the
tunnel test section empty. The desired model internal
pressures were obtained by connscting the interior of
the models to a pump through a hollow pin that helpe
hold the models in place. The model internal pressures
were measured by connecting the hollow rear portion of
the models to a suitable manometer.

The Internal pressures of the fabric-covered tip
section were measured with all the hoies sealed excent
the one for which data were being obtained. The
measured pressures have not been corrected for turnel-~
wall effect.

During the tests the fabric on some of the models
cracked or split, thus causing lesks. The cracks were
repaired by aprplying dope; the tears were repaired
by covering the region of the tear with alrcraft tape
and applying a few coats of dope. A list and the type
of repairs are given in table ITI. The aerodynamic
characteristics of the models were not noticeably
affected by changes iIn surface conditions caused by the
repairs. To eliminate the possibility of model failure
at the highest test dynemic pressures the angle-of-
attack range was restricted to values below the stall.

The results are presented in groups of blade sections
which have similar construction features. The pitching-
moment coefficients have been presented about both the
aerodynamic centers and quarter=-chord points for all
cases except those where the slope of the curve of
pitching-moment coefficient about the quarter-chord point

L T s a4 Rt -




was practically zero. All the aerodynamic centers are
located on the chord line.

The first group consists of the YR-LA no, 3 and the
YR-l4A no. 6 blade sections., The wesults for the YR-La
no. 3 blade section are given in fiigures 1l to 16.

Upon inspecting the model at the completion of the test
at & Reynolds number of 1.84 x 106, it was found that
he fabric covering over the hollow rear portion of the

airfoil had become flabby. The tests at a Reynolds number

of 2,50 & 106 were conducted with the fabric in this
condition., The fabric flabbiness magnified the effects
of the different internal pressures and allowed the
external suctions to have a relatively large effect at
the higher dynamic pressures for the condition of zero-
internal-pressure difference. The results for the YR-LLA
no. 6 hlade section are contained in figures 17 to 20.
The fabric tension decreased slightly during the tests.

The sscond group consisted of the YR-liA no. L,
YR-4A no., 10, and YR-LJA no., 10 (Smooth Forward Portion)
sections, The YR-LA no. i blade section was used to
determine the effect of a leading-edge abrasion strip
on the characteristics of the models in the first group.
The results are given in figure 21, The YR-llA no. 10
blade section was tested to determine the effect on the
aerodynamic characteristics of models in group one of
halving the rib spacing. The results are given in |
figures 22 to 2l. The YR-lA no. 10 (Smooth Forward
Portion) was used to determine the effect of smoothing
and fairing the forward third of the airfoll section on
the aerodynamic characteristics of mecdels similar to the
YR-LA no, 10 blade section. The results are contained
in figures 25 and 26.

The third group consisted of the XR-6 no. 5 and
XR-6 no, 7 blade sections and indicate the results to
be expected from plywood-covered blades. The data for
the XR=-6 no, 5 are presented in figure 27 and the data
for the YXR-6 no. 7,in figure 28,

The fourth group consisted of the XR-5(a) and
XR-5(b) sections and indicates the effect on the aero-
dynamic characteristics of changing the alrfoil section
from the NACA 0012 to the NACA 0010-6l and indicates the
results to be expected from ilade sections having the
combinatlion plywood and fabric constructiocn used for the
XR~5 models. The results for the XR=5(a) blade specimen




are given in figures 29 and 30, The results for the
XR-5(b) blade specimen are contained in figures 31 to 33.

‘The fifth group consisted of the two blade tip
sections, Neither 1lift nor pitching moments were
measured during- tests of the two tip sections. Section
drag coefficlents over the outer portion of the span
are presented in table IV for the YR=lA no. 1 tip section
and in table V for the XR-6 no. 2 tip section. Data of
table IV at one test condition and four angles of attack
were plotted in figure 3l to show the variation of section
drag coefficient along the span of the YR-lA no. 1 tip
section., Similar data for the XR-6 no. 2 tip section
from table V are presented in figure 35. In figure 36 -
data are presented in the form of curves of Ap/q versus a
for the various vent-hole positions, where

Ap model Internal static pressure minus free-stream
static pressure
q free-stream dynamlc pressure
DISCUSSION

Aérodynémic Characteristics of Fabric=Covercd Models

as Affected by Internal Pressure

The blade sections were tested at internal pressures
greater and less than that of the free-stream static
pressure because the internal static pressures of rotor
blades in flight differ from atmospheric pressure.

The column of air contained in the rotating blade is
acted upon by centrifugal forces and for the XR-5,
XR-6, and YR-lA helicopters it is possible for the
static pressure in the tip portion of the blade to be
about 280 pounds per square foot greater than atmospheric
pressure at sea level. This is based on the assump-
tion of an internal pressure at the blade root equal
to the atmospheric static pressure and an s&airtight
blade., By sealing the blade at the root and leaving
the tip portion open to the atmosphere it would be
possible to get an internal static pressure in

the blade at the root 1less than atmospheric pres=-
sure by about 280 pounds per squar: foot.,
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Such large pressure differences from atmospheric pressure
are probably not encountered .in practice because. the
blades are vented to the atmosphere and ..oy have leaks

or partitions along the span, A pressure difference of
20 inches of water, corresponding to a pressure of

10l; pounds per square foot, was chosen as being suffi- -
ciently large to show clearly. the effects of internal
pressure on the aerodynamic characteristics and yet not
be large enough to cause structurgl failure of the blades
during the tests, i

The YR-lLA no..3% test section was chosen to illustrate
the effects of internal pressure on the aercdynamic
characteristics of a typical fabric-covered model,

Section maximum 1ift coefficient.= The effect of
variations of internal pressure on the section maximum
1ift coefficients of fabric-covergd models with normal
rib spacing is illustrated by the| data for the YR=lA
no. 3 section, at a Reynolds number of 1.8l X 106, given
in the following table and in figure 15(b):

Internal pressure Section maximum
(in. H50) 1ift coefficient

20 L35

0 1dS

=20 152

Increasing the internal pressure caused the section
maximum 1ift coefficients to decrease. _ccreasing the
internal pressure caused the opposite effect., The effect
of internal pressure increased as| the test dynamic pres-
sure increased (figs. 1li(b) and 15(b)).

The effects of internal presigure on other -models,
which had approximately the same rib spacing (YR-l4A no. L,
YR-l}A no, 6), were about the same,

Section lift-curve slope.= The effect of variations
of the Internal pressure on the slopes of the 1lift curve
is illustrated in the following table and in figures 1L(Db),
15(b), and 16(b) for the YR-4A no. 3 test section.
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Internal i Section lift-curve slope
pressure ' SRR
kﬂ H,0) R = 0.91 x 108 |r = 1.8l x 106 iR = 2.58_§mlgéw
iR B2V 1g7="26.0 1b/sqft Jg = 102 To/aq fhlq = 210 1b/sqft
20 0.104 0.095 0.102
0 10 ; i it 118
-20 Wil o +112 L1439

Increasing the internal pressure reduced the slope
of the 1ift curve from that obtained at zero internal-
pressure difference and decreasing the internal pressure
caused the slope of the lift curve to increase.

The values in the table also indicate that the
effect of internal pressure became larger with increasing
airspeed. Increasing the alrspeed caused the dynamic
pressure to increase and therefore caused the pressure
differences acting across the fabric surfaces to increase.
The increased pressure differences caused increasing
changes in model contour. -

Section drag coefficient.- The effect on the section
drag coeificient ol varylng the internal pressure 1is
illustrated by the data for the YR-LA no. 3 test sectilon,
The data for a moderate 1ift, coefficient, 0.l, and a
Reynolds number of 1.8l X 106 ars given in the following
table and in figure 15(a):

Internal pressure Section drag
Fin, Hab) coefficient
20 0.011
0 .009
-20 .0107

The table is representative of the general con-
clusions drawn from the data in the figures. These are
that zero internal-pressure difference produced the
lowest section drag coefficients and that the suction
condition produced slightly higher section drag. Positive
internal pressures produced the largest drag coefficients.

Ssction aerodynamic center.- The effect of variations
of the Internal pressure on the position of the aero-
dynamic center is illustrated by the data given in the




12

following table and in.figure 15(d) for the YR-4A no. 3
model 2t a Reynolds number of 1.84 x 106.

T

Internal pressure
(in. H20) ‘

Position of the
aerodynamic center

20
0
~-20

0.212
v 2111
.258

Changing the model internal pressure thus had a
large effect on the position of fthe eerodynamic center.
Positive internal pressures caused the aerodynamic centers
to move forward fairly large discances from the positions
for no internal-pressure difference, In most cases,
suction caused a slight rearward movement of the aero-
dynamic center. The reason for [the movement of the aero-
dynamic center with internal pressure is believed to be
the change in the airfoil shape in the trailing-edge
region as the internal pressure was varied. A thick
plunt trailing-edge region results in a forward position

(]

of the aerodynamic center; a fine cusp-like trailing-
edge position results in' a rear position of the aero-
dynamic center (unpublished data from LMAL).

BEffect on the Aerodynamic Characteristics

of Increasing the Alrspeed

Section maximum 1ift coefficient.- The effect on

the sectlon moximum 1.ft coelificient of increasing the
airspeed is illustrated by the data for the YR-lA no. 3
section contained in the following table and in fig-

ures 1l (b) and 15(b):

Section maximum 1ift coefficlient
R Internal pressure
( de (H20)
4 20 0 -20
0. 98mn 10 1420 M Lf o B
1,60 1.15 1.25 132

' As the airspeed increased the section maximum 1ift
coefficient obtained at the condition of positlve internal

pressure decreased.

At both zero internal-pressure
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difference and suction the section maximum 1ift coeffi-
cient increased with increasing airspeed. The changes
were fairly small,

The change in maximum section 1ift coefficient with
alrspeed depended on the relative effects of the changs
in Reynolds number, Mach number, and airfoil contour.
Increasing the Reynolds number in the range covered by
the present tests would be expected to increase the
maximum section 1lift coefficient but increasing the Mach
number would decrease the maximum section 1lift coeffi-
cient, An example of the effect of Mach number on the
maximum section 1ift coefficient is given by the data
in figures 25(b) and 26(b). The section maximum 1lift
coefficient decreased from 1,25 to 1.04 as the Mach
number increased from 0,262 to 0.375.

'In reference liaré given data indicating that the
effect of Mach number on the maximum 1ift coefficient of
the NACA 0012 airfoil becomes importent at Mach numbers
greater than 0.17. The effect of increasing the dynamic
pressure would be to increase the maximum section 1ift
coefficient if the effect of increasing camber at the
rear of the airfoil, caused by the fabric deflections,
were greater than the effect of thickening the airfoil
at the rear. TFor the condition of suction the effect
of increasing camber was provbably greater than that of
alrfoil thickening. At the condition of positiye
internal pressure the alrfoil probably bulged out so
much that the effect of increasing camber was over-
shadowed by the change in airfoil thickness distributlon.

Section lift-curve slore.- As an illustration of
the variation ol section iilit-curve slope with airspeed
the values for the YR-l/A no. 3 model for the suction
condition are gilven below:

i R M Slope of section 1ift curve
o.gl % 106 @.1351 0.106
Ly % .262 1e
245 w205 119

The section lift-curve slopes increased with air-
speed. Because the slope of the 1lift curve for rigid
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airfoils, in the test range of Reynolds numbers (refer-
ence 5), 1s practically independent of Reynolds number,
the change in slope of the 1lift curve was caused either
by Mach number, dynamic pressure, or a comblnation of
both.

The section lift-curve slope may be expected to
increase with Mach number in the manner given by Glauert's
factor 1//1 - MS  (reference 6), For all models tested
with internal pressure, except the two XR-5 models, the
increase of the slecpe of the 1lift curwve with Mach number,
at internal pressures equal to and less thanthe free-:
stream static pressure by 20 incheés of water, was greater
than would be expected from Glauvert's factor. For
positive internal pressures the increase was greater
than that given by ths factor 14/ - M2 for the YR-LA
no. 6 model but less than expectsd for the YR-lL no. 3 and
YR-lA no. 10 models. The increase of lift-curve slope
with Mach number for the XR-6 no. 5 plywcod-covered
model was about equal to the increase expected from
Glavert's factor. The XR-6 no, 7 model showsd an
unexplained increase in lift-curve slope with Mach
number that was about 10 percent greater than expected
from Glauertt!s factor.

A contributing factor to the|excsessive lift-curve
slopes for the fabric-covered models may have been a
camber increasing fabric deflection at the rear of the
airfoils that increased with incrsase in dynamic pressure
and angle of attack. The effect of the camber increasing
fabric deflections on the 1lift was probsbly greatest at
the condition of suction and least at the positive
internal-pressure condition because of the bulging of
the airfoil thickness distribution in the trailing-edge
region as the internal pressure increased.

Section drag coefficient.~ Thé variation of section
drag coefricient with airspeed is| given in the following
table and in figures ll(a), 15(a), end 16(a) for the
YR-llA no. 3 test sectlon: :




) Section drag Section drag
Int?ggaalgissure coefflelent at coefficient at
iy c; = 0 - e
R = 0.92 x 106
20 O-Oogl 0.0162
0 : .0086 013l
=20 Wex e . s b0
R=1.8, x 100
20 0,010l 0.0172
0 .0092 .0120
~20 ‘ . 0098 L0132
R = 2,58 % 106
20 0.011k 0.0156
0 . 009 .0132
A e TS RS .0125

There were no important differences between the
variation of section drag coefficient obtained for this
model and the other fabric-covered models. In general,
the fabric-covered models at small values of c¢; did
not show the usual decrease of sectlon drag coefficient
with Reynolds number as the airspeed increased. The
cause 1is believed to be the distortion of the airfoil
shape with increase in airspeed and the fact that the
model surfaces were not merodynamically smooth. At the
higher section 1lift coefficients the section drag
decreased slightly between the lowest and highest air-
speeds,

The section drag coefficients for the XR-6 no. 5
and XR~-6 no. 7 plywood-covered models (figs. 27(a)
and 28(a)) at zero 1lift rose by about 0.0008 as the
alrspeed increased. At the larger 1lift coefficients
the section drag coefficients decreased by about 0,0020
as the airspeed increased.

Section aerodynamic center,.- The movement of the
serodynamic center of the YR-LA no. 3 section as the
airspeed was varied is given in figures 1l(d), 15(d),
and 16(d) and in the following table:




Aerodynamic center position, x/c
o ‘ Internal pressure
;i 20 0 -20
0.1 x 10° 0.2L2 0.245 0.25%
1.8l : 212 el ik .258
2556 o gul R R 2EH 262

The variation in position of the aerodynamic center
for the different internal onressures increased with
increasing airspeed. The same eflfect was present on
the other fabric-covered models. The cause was the
increasing change caused in the model contour by the
internal pressure as the dynamic pressure increased.

The movement of- the aerodynamic center of the
XR-6'no, 5 plywood-covered modsl with change in air-
speed is presented in figure 27(d) and in the following
table: :

R srodynamic center position, x/c
0,92 x 106 0,247
81476 $2l2 -
2,68 N 2T

The small forward movement of the aerodynamic
center with increasing airspeed was also obtained on
the XR-6 no. 7 test section (fig. 28(d)). Because of
the rigid plywcod surfaces the dynamic pressure probably
did not cause a sufficlently large change 1in model
contour to affect the aerodynamic characteristics.
Reference 7 indicates that a forward movement of the
aerodynamic center with increasing Mach number is to
be exnected., The measured movement for the two plywood
models (figs. 27(d) and 28(d)) is close to the value,
0.9 percent, which would be expected from reference 7
for the test range of Mach numbers,

Effect of Leading-Edge Abrasion Strip on the
Aerodynamlc Characteristics

The effect of a leading-edge abrasion strip on the
aerodynamic characteristics of a typical fabric-covered
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model can be .obtalined from a -comparison of the data for
the YR-l{f no. 3 .and YR-lLA mo. drtest sections at i

Reynolds number of: 1.87 x k06 These sections were
practically identical except for the painted leading-
edge abrasion strip on'the YR=lA no, 3 test section and
a OOSalble dlfterenoe in fabric tension.

Section maximum lift coefficlent - Wle leading-edge
abrasion strip nhad no Important efTect on the section
maximum 1ift coefficient (figs. 15 (b) SRS R Ta i

Section lift-curve siope.- From comparison of fige-
ures 15(b) and 21(b) 1t Is apparent that the leading- :
edge Era31on strlp causes no important change in slope
over the straight portion of the lift curve.. -

SLction drag coefficient,.,=- The addition of a
leading-edzn abrasion strig reduced the section drag -
coeffipient by about 0.0003 in the range of moderate |
section 1ift coefficients at zero internal-pressure i
difference., At positive internal pressures the effect;
of the leading-sdge abrasion strip was masked by the--.
effects of fabric deflection so that the model with
the leading-edge abrasion strip, the YR-lA no. 3, had
higher section drag than the model wwthouu the leading-
edge strip. The effect of the leading~edge abrasion
strip on section drag coefficient depends on the
relative smoothness of the leading-edge abrasion strip.
For the region of the span over which drags were taken
the leading-edge abrasion  strip was fairly smooth; at
other polnts blobs of paint were present.

Section serodynamic center,~ The difference between
the section aerodynamic centers for the two test sections
(figs, 15(d) and 21(d)) is not believed to have been
caused by the difference in surface conditions at the
leéeading edge. The difference may have been caused by a
difference in fabric¢ tension.

Effect on the Aerodynamic Characteristics of Fébriéf
Covered Models of Halving .the Rib Spacing

The effect on the aerodynamic characteristics of a
fabric-covered model of halving the rib spacing 1is
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.illustrated by the data for the YR-lA no. 19 and YR-LA
Nnoe. 5 Gesh Specimens., The major difference- between the
two models was the difference in rib. soacing (table I).

Sectlon maximum . lzft coefficient.- A tAﬂle of the
"gection maximum 111t coefficients. is clver below:

Internal pressure YR=lih - YR-LA
R = 0, 91 X 106

A0 vk el 117

Q L.l7 1.19

-20 1.25 1.1‘.
- R|= 1,84 x 10°

G 1.15 1.25

£-im 1425 1.25

These results indicate that at the smallest test
Reynolds number the section maximum 11t coefficients
for both test specimens were about the same (figs. 1l (b)
and 22(b))}. At the intermediate Reynolds number
Th 8& %X 10 the section maximum 1ift coefficient of the
YR-l{A no., 10 section was independent of internal pressure
and equal to 1.25 (fig. 23(b)). The section maximum
1ift coefficient of the YR-LjA no. 3 blade section varied
from 1,15 with the blade at a vositive internal pressure
to 1,32 with the blade interior under suction (fig. 15(b)).
Although the greatest maximum-section 1ift coefficient
for the YR=lA no. 10 section was less thca the greatest
for the YR-ljA no. 3 section, the halving of the rib
spacing eliminated the variation of maximum section 1ift
coefficlent with 1nternal pressure,

Section lift-curve slope.= For the conditions of
positive and zero internal-pressure difference the slope
‘of the 1ift curve of the YR-llA no. 10 section divided
by the slope of the.lift curve of the YR-lA no. 3
section varied frof 1.02 at the lowest to 1.08 at the
highest Mach number. At negative internal pressures
the difference between the slope of the 1lift curves
was less than about 2 percent for all the test conditions,
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Section drag coefficient.,- The following table of
section drag coefficients at c¢; = 0.p illustrates the
difference in section drag co@f%icients obtained for the

R-LA no., 3 and YR-UA no, 10 models:

Internal pressure YR=l1A YR-l(A
(in. H50) sl no. 10
R = 0. Sl %200

20 0.0125 0.009%
0 .0101 . 009
=20 .0115 .0101
R = 1,8} x 106
20 0.0115 0.0101
0 . 0098 .0100
-20 .0105 .0103
R = 2.58 x 106
20 0.0122 0,0102
0 .010l .0099
-20 L0106 . . .0102

-

These results indicate that halving the rib
spacing reduced the variation of section drag coeffi-
clent with internal pressure to an almost negligible
amount. Although not apparent from the values in the
table which are for c¢j; = 0.4, the YR-lA no. 10 specimen
at all internal pressures at the lower 1lift coefficients
had about the same section drags as the YR-lA no. 3 had
at the condition of zero internal-pressure difference
(figs. 15(a) and 23(a)). When the internal pressure of
the YR-LA no. 3 test section was greater or less than
the free-stream static pressure by 20 inches of water
the section drag coefficients were larger than those
obtained at the condition of zero internal-pressure
difference. The YR-lA no. 10 model at all internal
pressures, therefore, had smaller section drag coeffi-
cients than those obtained for the YR-LA no. 3 model at
internal pressures greater or less than the free-stream
static pressure by 20 inches of water,

Section pitching-moment coefficient.~ Halving the
rib spacing rsduced but did not eliminate the movement of
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the aerodynamic center with changs in dynamic pressurs.
The movement of the aerodynamic center during the tests
was reduced from a movement between 26,2 and 20.6 percent
of the chord for the YR-LiA no. 3 (fig. 16(d) to a
movement between 25.0 and 22,6 percent of the chord for
he YR-l{A no. 10 (fig. 2L(a). ‘ ' ' Ik

Comparison bstween the Aerodynamic Characteristics

of a Fabric-Covered Model Having Half the Normal

o n

Rib Spacing and a Model Having Rigid Surflaces

To investigate the effect on the aerocdynamic charac-
teristics of changing the method of construction from the
fabric-covered type with half the normal rib spacing to
the plywood-covered typs of construction the data for
the YR=llA no. 10 fabric-covered sg¢ctlon are compared with
those for the XR-6 no. 5 plywood-covered model. :

Section maximum 1ift coefficient.- A table glving
the section maximum I1ft coefiicients for the two test
sections is given below:
18 L o !
R YR-I4A no, 10 XR-6'no. 5
0.92 x 106 1.18 el :
®) in )
1.70 : B adh %1%

At both the smallest and intermediate Reynolds
nunbers the fabric-covered YR-LiA no. 10 section had
slightly higher section maximum 1ift coefficiernts than
the plywood covered XR-6 no. 5 section (figs. 22(Db),
23(b), and 27(b)). The difference in sectlon meximum
11ift coefficients, although small, was consistent and
may have been caused by a slight difference in leading-
edge radius between the two test sections. '

Section lift-curve slope.- The section lift-curve
slope Was SIightly areater for the Vk~LA no. 10 model
than for the XR-6 no. 5 model at both the suction and
zero internal-pressure difference conditions. The dif- . .
ference increased from about 2 to about 7 percent of
the lift-curve slope of the XR-6 no., 5 section as the
test Mach number increased from the lowest to the highest. :
For a positive internal pressure of 20 inches of water




3k

the YR=lA'no. 10 model hWad a slope of the 1ift curve
1&8s than that of .the X3=6 no. 5 section by about -

7 percent at a Mach number -of 0,262; at a Mach number
of 0.376 the slopes were about the- same. 5 '

_ Seetion drag coefficient.- In the range of moderate
1ift coefficients at the Iowest Reynolds number the &
plywoodacévered blade had about the same section drag
toeffidlents as the lowest for YR-UA no. 10 (figs.. 22(a)
and 27(a)), At the intermediate Reynolds number.the -
section drag coefficients fof the XR-6 no. 5 section
were lower than those for the YR=[A no, 10 sectlion by
approximately 0.00lu through the range of mqderate 1lift
coefficients (figs. 23(a) and 27(a)). At the highest
Reynolds number the difference was about the same,
approximately 0,0013 (figs. 2li(a) and 27(a)). The
XRb6fﬁb§ 5 plywood-covered blade thus had lower drags
than the fabric-covered YR-ljA no. 10 blade speclmen,

The difference in section drag coefficient was belleved
to be eaused by a difference in the surface conditions
between the two models., : ' »

§ction derodynamic center,.= The ¥XR-6 no, 5 plywood=
covere section had a rigid surface and so its deros.
dynemic characteristics were obtained witheout any
ad justment to its internal pressure. The maximum!
variation in the position of the aerodynamic ¢enter
from the lowest to the highest Reynolds numbeis was
1 percent from 2.7 percent of the chord to 23.7.percent
of the chord (fig. 27(d)). The extreme movement of the /
gerodynamic center during the tests of the YR-lA nog 10
model was 2.l percent of the chord from 25.0 to 22.6 per=
cent of the chord (fig. 24(d)).

Effect on the Aerodynamic Characteristics of Smoothing
the Forward Portion of the Airfoil '

Section maximum 1ift coefficient.~ Comparison of
the datz for the YR-L4A no. 10 and YR=4A no, 10 (Smooth
Forward Portion) indicates no important effect on
maximum section 1lift coefficient.

Section lift-curve slope.~ Smoothing and fairing
the forward portion of the alrfoil made no change in
the slope of the 1lift curve.
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Section drag coefficient.~ At 1ift coefficients
less ~than :about U¢ thefairfﬁll with the gsmooth.forward
portion had less drag than the airfoil havznﬂ ‘the usual

Finish, . The difference in sectlon drag was about

0.0013 over. part of the range of mdoderate 1ift. coeffi-
cients at all Reynolds numbers for which comparable
data .are.ayglilagble, . ..r .

ey e

Section aerodynamic center position,~ The,differ-
ences 1n the ggctlon aerodynamic center posltions were
small and were probably caused by. 811ght changes in
fabric tensjon rather than by chanves in the 3surface of
the forward portion of the model .,

Aerodyﬁamic Results Obtained for the.
. Two XR-5 Test Specimens =

The data.in fig ure 29(b) for the XR-5(a) test
section indicates a shift in the 1ift curve between
the conditions of suction and zero internal-pressure
difference and the condition of positive Internal press
sure. In additicn, .although the airfoil section wag
ymmetrvcal the lift at zero angle of attacl Wwas negative.

'-:The shift in the 1lift curve may be expleinsd hy. & change

~in:model contour during the tests. Dur.ng the test at a

" "Reynolds number of 2440 X lO6 it was notiged that the

fabric.on the.ppper surface had pulled awgy from the
plywood which it covered and ballooned out, thereby
changing the model contour. The fabric probably began
to. pull away from the wood during the test at a Reynolds

" number of 1. 19 x 10° and a pressuré difference of

20 inches of water., This probably'exolujns the upward
shift of the 1ift curve at a, = 09 for the positiye

~dnternal-pressure condition at . R = 1.19 X 10® because

bulging fabric cver the upper surface would be equivalent
to an increase 1n airfoil camber., Because of the change
1n model contour caused by the bulging fabric, .tests on

the model were discontinued. The explanation for the

apparent ex1stence of - negative 1lift-at zere angle of
attack is .that the model was twisted in such a manner
that zero angle of attack at the end used to set the
angle corresponded to a negative angle of attack over
most of the span.
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The XR-5(b) model was not tested at internal
pressure greater than the free-stream stabic® pressure
because it was found before beginning the tests that
application of a small positive internal pressure
caused the fabric to begin to tear away from the plywood
which it covered and balloon out, The sestiovn drag
coefficients in figure 33%(a), for interncl pressures
less than and equal to that of the free-stream static
pressure, have been piotted against the 1ift coeffi-
cilents obtained at an internal pressure equal to that
of the free stream. The data at the highest Rsynolds
number are incomplete because the fabri¢ had.loosened
from the plywood enough to balloon out over the forward
portion of the upper surface as mounted in the tunnsl.
Because of the change in model contour the tests were
discontinued., External suctions over the forward
portion of the upper surface at moderate and high 1lift
coefficiertcs durlng the tests at the lower Reynolds
numbers had probably caused the fabric to tear away
from the plywood. A partial explanation for the relatively
low meximum 1ift coefficients obtained with the XR-5 sec~
tions is that the sections were about 10 percent thick
whereas the others were about 12 percent thicik,

This portion of the discussion is based on the
data for the XR-5(b) model because the data obtained
for the XR-5(a) twisted model may not be representative.

Maximum section 1lift ccefficient.= The maximum
section 1ift coefficient was lower th=n obtained in
tests of the models using the NACA 0012 contouvur. The
value of the maximum section 1ift coefficient varied

from 0,87 at a Reynolds numper of 1.20 x 100, to at
least 1,05 at a Reynolds number of 3%.16 x 10%,
Although part of the increase in maximum section 1ift
may have been caused by the fabric leaving the upper
surface of the forward portion of the airfoil, it
appears probable thatthis effect was smail, An
increase in the effective camber would normally show
itself in an upward shift of the 1lift curwve if the
camber increase were independent of angle of attack
or in an abnormally large slope of the 1lift curwve if
the camber increased with angle of attack. The upward
shift of the section 1ift curve was only 0.0l and the
section 1ift curve did not have an abnormally large
glome. Thus, the effect -of a change 1n the airfoll
contour was probably small and most c¢f the effect
appears to have been caused by Reynolds number.
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Section lift-curve slope.,= The slope of the 1lift
curve was slightly less than that of the other mocels
and showed no abnormal increase with Mach number.

Section drag coefficlent.~ The section drag coef-
ficient was low at zero Lift at the lowest Reynolds
number but increased at higher 1ift coefficients and
Reynolds numbers until it was no lowsr than the section
drag coefficients obtained for the YR-LA no. 10 model.
The low values of the maximum 1lift coefficient caused
the section drag to increase to large values at lower
values of the section 1ift coefficient than for the
other models.

Section aerodynamic center vosition.- The asro-~
dynamic center was at the quartcr-chiord point for all
the tests at internal nressures less than and equal
to that of the free-stream static pressure. Because
the XR-5(b) model was not tested with internal pressures
greater than that of the free stream, no data on the
effect of vositive internal pressures on the position

£ the asrodynamic center are availavle,

Comparison of Aerodynamic Data for the Test Specimens

qj

2o =

with that Obtained for a Smooth and
NACA 0012 Airfoil Section

For purposes of comparison, data for a smooth and
fair NACA 0012 airfoil have been included in figure 57.
Pitching moments were not obtained during the test of
the smooth and fair airfoil.

Maximum section 1ift coefficient.~ The Mach numbers
for most OT the present tests at Ley.iolds numbers close
to 1.8 million are approximately 0.200. In spite of
the unfavorable effect of Mach number on maximum 1ift
coefficient at Mach numbers larger than about 0.170
(reference li) the test specimens had maximum 1ift coef-
ficients which were fairly close to that obtained for
the smooth and fair section at a Reynclds number of .
1.79 million and a Mach number of 0.150,

Section lift-curve slope.~ The slope of ths 1lift g
curves for all the models at zero internal-pressure
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alfference and a Mach number of 0.130 were just about
the same as that for the smooth and fair alrfoil

. Section drag coefficient.- The section drag
coefficlents of the fair and smooth NACA 0012 airfoil
were smaller than those obtained for any of the NACA
0012 test specimens, including those covered with
plywood. The difference in section drag between the
plywood covered and the smooth and fair section varied
between approximately 0,0005 and 0,0025; the largest
differences occurred in the range of moderate 1lift
coefficients. 1In figure 57 the drgg curve for the
XR-6 no. 5 model at R = 1.78 x 100 has been included
for comparison. .

YR-llA no. 1 and XR-6 no, 2 Blade Tip Sections

The angle of attack given in the data for the two
tip sections is the geometric angle of attack at the
root of the model. Because of the finite span, trailing
vortices were present at all angles at which any portion
of the models had 1ift., These vortices produced vertical
velocities at the models that caused the aerodynamic
angle of attack to vary along the span,

For some high drag conditions at the higher tunnel
dynamic pressures the deflections in the manometer used
to measure drag exceeded the range of the instrument.
Therefore, the drag coefficients at these points could
not be obtained. These points are indicated in the
tables by an asterisk, When the variation of drag
coefficient along the span, at a particular angle of
attack, does not change much from the lower to the
higher test Reynolds numbers, the profile~drag coeffi-
_cients at the missing points may be estimated from the
values at the lowest Reynolds number,

The large spanwise variation of section drag

coefficient of the YR-ljA no. 1 tip section i g A 5&)

was probably caused i1nh part by the type of model surface,
ribs and fabric, and partly by the variation of 1lift
coefficient along the span. The 1lift coefficient varied
over the span of the model because of the geometric twist
of about 20 (table I) and because of the usual variation
of angle of attack along the span of a finite span model,
As the angle of attack increased the spanwise variation
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of section drag coefficient also increased. With
increasing angle of attack the boundary laver over the
uoper surface became thick and therefore was more easily
deflected in a spanwise direction by any pressure
gradients which were present. Such spanwise pressure
gradients could be caused by the variation of 1lift along
the span and by local changes in airfoil contour such

as protruding ribs and bumps.

The spanwise variation of section drag coefficient
for the XR=6 no. 2 plywood-covered tip section (fig. 35)
was less than for the YR-LA no. 1 tip section. The
ma jor reascn was probably the comparatively good surface
finish of the XR-6 no, 2 tip section,

The peak in profile-drag coefficient near the tip
of the models is probably caused by the tip vortex
deflecting the boundary layer from a portion of the
model into a small spanwise region. Regions in which
the boundary layer has been deflected spanwise usually
are characterized by alternating regions of high and
low drag. The regions of high drag repressnt regions
into which the boundary layer has flowed from the regions
which appear as low drag regions,

The pressure transmitted into the model interior
by the various vent holes are shown in figure 36. The
change in Ap/q with angle of attack decreased as the
vent hole was moved toward the trailing edge because the
change in pressure with angle of attack at a point on an
airfoil decreases as the point moves toward the trailing
edge. The curves of Ap/q versus a are almost stralght
lines up to an angle of attack of 160 at R = 0.74 x 10%
and 180 at R = 1.46 x 106, . The angles of attack at
which the curves suddenly change character are probably
the angles at which the tip region of the model stalled.,
The data obtained for the tip vent indicate a very large
variation of Ap/q with angle of attack. The curves
for the tip vent undergo a sudden change in character
at the same angles as the chord, vents, 169 at
R= 0,74 x 10° and 18° at R = 1.46 x 106. The curve
of Ap/q reaches a maximum at approximately 3° instead
of, as would be expected, at 0°,, The model twist of
about 29 from root to the tip reglon accounts for most
of the difference.
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CONCLUSIONS

The data ohtained for the models tested indicated
the following .conclusions:

1. The aerodynamic characteristics of the fabric-
covered models were markedly affected by variations of
pressure, Usually, the most desirable pressure in the
hollow rear portion of the model was one equal to the
free-stream static pressure. An internal pressure
greater than that of the free -stream usually produced
an increase in section drag coefflglent, a decrease in
maximum section 1lift coefficient, and a forward movement
of the aerodynamic center, An internal pressure less
than that of the free-stream static pressure usually
produced a siight increase in section drag coefficient,
a slight increase in maximum section 1ift coefficient,
and a slight rearward movement of the aerodynamic center.

2. The effect of model internal pressure on the
aerodynamic characteristics increased as the test
dynamic pressure ‘increased.

3, Halving the rib spacing of a fabric-covered
model made the aerodynamic characteristics less sensitive
to the model internal pressure.

li. Blades having plywood surfaces had maximum section
1ift coefficients no higher than those of fabric-covered
models and drag coefficients about 0,001% less than those
of the best fabric-covered models,

5. The effect of smoothing and fairing the forward
third of a typical fabric-covered test section was to
reduce the section drag coefficient by about 0.0013% in
the range of moderate 1lift coefficients,

6. Comparison of the data obtained for the practical-
construction models, at internal pressures equal to and
less than that of the free-stream static oressure, with
those for a smooth and fair NACA 0012 airfoil section
indicated no important differences in the maximum section
1ift coefficient. The drag coefficients for the smooth
and fair NACA 0012 airfoil section were lower than the
lowest obtained for the practical=-construction NACA
0012 models by an amount which increased from 0,0005
to 0.0025 as the magnitude of the 1ift coefficient
increased from zero to moderate values.
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7. The effect of adding a leading-edge abrasion
strip was to reduce the section drag coefficient by
about 0,0008 in the range of moderate 1lift coefficients
for zero internal-pressure difference.,

8, Models which had approximately the NACA
0010-6lL airfoil section had section maximum 1lift coef-
ficients about 0.3 less than those obtained on S oSS
built to represent the NACA 0012 airfoil gsection,

9. Measurements of internal pressures for vent
holes located on the lower surrace of the fabric-covered
tip section, inboard of the tip, indicated pressures
less than the free-stream static pressure at all angles
of attack except the highest and a variation of pressure
with engle of attack that decreased as the vent was
moved towerd the trailing edge. The internal static
pressurss fcr a vent placed in the extreme tip '‘af’ the
blade were less then that of the free stream throughout
the range of angles of attack and the variation with
angle of attack was very large. The values of the
measured static pressure ranged from 35 percent to
230 percent of the free-stream dynamic pressure beneath
that of the free-stream static pressure.

10, Measurements of the spanwise variation of
section drag coefficient along the span of the two
tip sections indicated a peak in the section drag
coefficient about 3 inches from the blade tip that
increased with increase in angle of attack.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley * Field, Va., September 6, 19LL
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Model Variation of Construction Rib Spacing, Inches Type of Finish Over Finish Over Rear Remarks
Chord Along Large Center Small | Leading Edge Porward Third Two-Thirds of Model
Span (Inches) Chord Portion Chord of Model
Bad  of Span End
YR-hA lo 1 | See Figure 12 | Forward third solid Rib spacing varied | Tnpainted Fabric grain apparent. Sabric grain apparent. |Medel received with twist along span. Tp o
wood, ribs to rear. from 5‘ to ;é metal Looal nicks and Bumpy over ribs region at geometric angle of attack lbouc 2
s.otion ;llﬂrﬁ assembly sbrasion strip| bumps less than root, as mounted in tunnel
ahrio
YR-L4A No. 3 | Linear frnll L} hg L % llinto: um‘ Inoll ridges at joint of | Smooth between ribs,
abrasion str: asion strip and air- over ribs
| 1052 to 13 ¥ E}n or.  vabris 2/
| YR-UA No. li | Linesr from . kg h % ¥o abrasion Rough, to_ touoh. 0
\ 3 strip 1o grain apparent
| 10]-% to 133 o
A\ YR-LUA No. 6 | Linear from . 5 5 5 Half span un- Pebric grain apparent Mubric grain spparent {¥eptiocal slots in leading-edge abrasion strip
1 ,512 painted metal to touch; bumpy over £illed
uiz e 1 abrasion strip] ribs i
1
YR-UA No. 10| Linear from " 2 1& Dnpainted metal . Bumpy and rough
loi' to 1}_2 Z‘E abrasion strip
1
YR-LA Fo. 10 U ® " " . =a= - » Porward third faired to NACA 0012 contour
Smooth with pyroxylin glasing putty and sanded.
!br::rd 8mooth to toush exeept for local bumps
Portion
XR-6 No. 2 See Figure 12 |Rigid wood surface. - - —-— Small fabrioc- Pbric grain apparent Smooth exoept for surface, as moun
Tp Outer la of fabrie ecovered metal over leading edge local nicks and sanded before beginning tests
Section for about forward strip bumps
20 percent of chord
XR-6 No. § Linear from i) - - - . L .
102 to 15&
XR-6 No. T Linear hm’. . - - - b Mbric grain apparent i
in louun ~od
U to R e g-edge
XR-5 (a) Linear from One surface 50 per- ;{- 5% 3 ¥o abrasion | wabrio in spparent, Fabric grain appareat, ereent wood surface upper surface in
1’; to 17& sent wood, other strip local s local bumps. Bumpy el. Model received with most of
100 percent. Ribs over ribs span twvisted to negative angle of attack
far rear T2 per- as mounted in tunnel
cent of chord.
Entire assembly
fabric-covered
XR-5 (b) Linear from Both surfaces 50 per- )E- 1 3 " . - NATIONAL ADVISORY
1 to 17T. cent wood. Ribs % COMMITTEE FOR AERONAUTICS
for rear 72 percent
of ehord. Entire
assembly fabric-
covered




TABLE II
LIST OF TESTS

L - Iift, D - Drag, M - Pitching Moment

NATIONAL  ADVISORY
COMMITTEE FOR AERONAUTIS

Model Chord Used to Portion of Span Over Model Internal Pressure R Xx 10'6 ) Dynamie Characteristics
Calculate Which Drag Was Taken Inches of Water. pressure, q. Measured
Reynolds Number Left of RiIght of | Referred to free-stream 1bs/sq ft.
(Inches) Center Line | Center Line static pressure
Inchag Inches
YR-LA Fo. 1 10.0 oOuter portion of tip 0, 20 o.& 0.1 26.0 D
l"ﬁp 0, 20 x; 0.2 102 D
Section 0, %20 2,09 0.37% 209 D
Y J E o o tg s 2 | by
. . » ’ M
0, $20 2, 0.375| 210 L. D, M
YR-UA Fo. L 11.7 b 0, %20 1.87 |o0.263| 102 L, D, M
TR-LA Fo. 6 15.4 5 5 9, ¢ 2 %Kg g-% 133.3 L, D, X
0, %20 2.93 °'§f§ 156 LoDl
o, %20 3,20 0. 201 L:D; M
YR-4A Fo. 10 1137 b L o, g ggﬁ g-.gl lgg.o L 2, X
o, %20 2.59 0.372 209 L, D, M
YR=hA Wo. 10 147 I L 0, =20 1.8, o0.262| 102 T DN
Smosth 0. =20 2.59 0.375 210 L, D, M
Srvard |
Portion/
XR-6 No. 2 10.0 Outer portion of tip Rigid surface. o.ﬁk o.m 26,0 D
Tip Ingernal pressure 1. 0. 102 D
Section not adjusted. 2,09 0.57% 209 D
XR-6 Wo. § 11.7 b b Rigid surfase. 0.92 o.}a 26.0 L, D, M
Internal pressure 1.78 0. 102 L. D M
not mdjusted. 2.68 | 0.373) 210 L, D, M
XR-6 Wo. T 18,4 L L Rigld surface. 1.21 | 0.1 26.0 L, D, ¥
Internal pressure 2.12’2 0. 102 L, D, M
not adjusted. 3, 0. 210 L, D, X
XR=5 (a) 15.4 5 5 0, 220 119 | 0.4% 26.0 L, D
5 *+20 z.to 0.283] 102 L, D, ¥
o 0 2.4o 0.261 102 L, D
X2-5 (v) 5.4 5 5 0, 29 R o N
"o 3, 0. 201 L, D, M
«20 3.16 0. 201 D
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TABLE III

NATIONAL ADVISORY

LIST OF REPAIRS COMMITTEE FOR AFRONAUTICS

Model Repairs
m
YR-LA No. 1 No repairs.
Tip
Section
YR-LA No. 3 No repairs.
YR-L4A Fo. it No repairs.
; o
YR-4A No. 6 Cracks in fabric along ribs near trailing edge.
fabric split at tralling edge. Dope applied
to cracks. Strip of aircraft tape applied
to trailing edge and doped in place between
runs at R = 2.9% x 10 and R = 3,20 x 10°.
(See photograph.) fabric tension decreased
during tests.
YR-LA No. 10 Local cracks in fabric. Repaired by applying

dope.

YR-4A No. 10

Local cracks in fabric repaired with dope.

Smooth ¥abric split on one surface on center line of
Forward model. Plece of aircraft fabric doped over
Portio split.

XR-6 No. 2 No repairs.
Tip
Section
XR-6 NWo. 5 No repairs.
XR-6 No. 7 End ridb began to work loose from main portion
of span; reinforced. (See photograph.)
XR-5 (a) No repairs.
XR-5 (b) No repairs.




TABLE W (a)

SPANWISE VARIATION OF DRAG COEFFICIENT #OR THE YR-LA NO. 1
HELICOPTER BLADE TIP SECTION NATIONAL ADVISORY
COIAMITTEE FOR AERONAUTICS

L, Distance inboard from blade tip, inches
a, Angle of attack, degrees

Test Conditions: R = 0.7h4 x 106, M = 0.130, internal pressure, +20 inches of water
-2° 0° 2o ho 6° 8° 10° 12° 1h° 16° 18° 20°
L
2 0.0101 0.0032 0.011) 0.0128 0.0670 0.07
.00L6 .00L7 .0100 L0419 . 7o .159
E .012h .0060 | .0126 .0079 .01%9 .0658
2 .0065 .0085 .0120 .01 g .0182 .0l02
L0115 .012 .01y .021 .0128 .05
3 .0082 .008 .01%9 .0102 .0118 .0722
i og? .0079 .0109 .0156 '0158 .0918
9 0082 . 0079 .0097 .0127 .01 .1180
10 .0101 .0100 .0082 .0170 .01 L1611
11 .0109 .0099 .0076 L0179 .0190 .1620
Conditionss R = 0.TL x 106, M = 0.130, internal pressure, O inches of water
1 0.0119 | 0.0210 | 0.0269 | 0.0191 | 0.0430
2 0.0097 | 0.0180 | 0.0048 [ 0.0090 o.ogzz 0.012 0.0210 .0210 .02 .0393 L0337 .01li9
.0130 .0050 .0068 .0050 .0 .009 .0380 .1021 o 3 Z A2 . 02,0
ﬁ .0131 .0107 .0070 .0072 L0043 .006 .0052 .0220 .030 .0L473 .0367 .0518
2 .0067 .0077 .0069 .0079 .010 .00 .0107 .015% ,_%ts 0705 .0289 .0[18
.009 .0112 .0117 .0110 .01l .0087 .0153 .0 .0 ,0151 .ol .0556
Z .007 .0090 .0140 .0139 .0150 .0157 .0071 .00l 6 'OIiZ 0120 'O%E .0750
.0099 .0092 A 838 .0079 .0090 .0090 .0105 .0100 .01 .0118 .0 .098%
9 .0092 .0086 .0086 .0092 .0092 .0100 .0105 .0184 .0120 .01} .0808 L1231
10 .0100 .0104 .010l .010L . 010, .0104 .012 .0130 L0171 .02 .0950 L3l
11 .0104 .0089 .0087 L0104 .012 .015) .015 .0183 .0193 .026l L1312, .1550
Conditions: R = 0.7h4 x 106, M = 0.130, internal pressure, -20 inches of water
0 0.0015 0.0040 0.0051
1 0.0030 .0077 .0179 0.025 .0328
2 L0111 .0096 .0100 .0151 .03 . 36;
ﬁ . .0065 .009 L0140 2705 .206
.0123 .0053 .007 .0101 .0292 .0593
2 .006 .0090 o 125 .0110 .0216 L0511
.01, L0112 .0 52 .ozzz L0152 .0532
g . .01L49 .01 .0 . 0083 .0652
.009L .0092 .0078 .0081 .0095 .0938
9 .0 .0109 . 009 .0087 L0125 .1182
10 .01 .0109 L0117 .021 L0327 1l
11 .0111 .0096 L0141 .01 .0282 .1a33




TABILEIV (b) NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Test Conditions: R = 1.46 x 106, M = 0.280, internal pressure, +20 inches of water

a -ho 2° O° ho 8° 120 1h° 16° 200
L
- L 0.0021 |0.0008
-3 .0028 .0009
-2 0.0010 .0029 .0017
-1 0.0012 .0020 .0043 .0031
0 0.0004 .0019 .0032 .0053 0099
1 0.0042 0.0013 .001L .0031 .0099 .0279 L0242
2 .0239 .0162 . 009t .0153 .0232 .0600 L3
.0201 .0061 006l .0072 .0281 .0691
.006l; 012 .006 .0083% .0090 0093 0348
2 .0102 .007 .008 .0113 .0102 L0171 .0257
.0086 .0119 .0129 .0115 .0106 .0160 .0609
3 .0077 .0087 .0127 .0077 .01 .0C9 .0603
.0087 .0097 .0083% .0080 .012 .01 .0799
9 .015 .0115 .0112 L0146 .0166 .0180 .1010
10 .0133 .0099 .0111 .0128 .0148 .ozgg .131
11 .01 .0135 .0096 .0091 .0110 .01 .152

Test Conditions: R = 1l.L46 x 106, M = 0.280, internal pressure, O inches of water

0 0.0015 o.oohg 0.0080 [0.0116
1 0.0035 0.0016 | 0.0003 .002 0.0123 .022 .0204 03446
2 L0112 .0125 .0117 .0136 .0255 .0309 .0701 L1133
a .0291 .005 .00 .0093% # B & *
.0067 .012 .0060 .0095 .0128 .027 .0186 .04l
2 .0091 .007L .0092 .0089 .0119 .ogzﬁ .otkh .038
.0 2 .0119 .01 .0072 .0169 . 006l .0069 .0[68
g .009 .0092 .0 .0175 .0070 .0085 .0093 .05 2
.0096 .0101 .0082 . 0085 .0111 .01l .012 .07
9 .0106 .0095 .0092 .0091 .0099 017, .017§ 09
10 .011 .0097 .0085 .0110 .0170 .0152 .019 .1201
1 .012 0081 | .0110 | .o152 | .0161 | .015 i .0192 | 1477

Test Conditions: R = 1,46 x 106, M = 0.280, internal pressure, =20 inches of water

-l 0.0021 |0.0017

-3 .0030 .0023
242 0.018Y .003) .002
-1 .0040 .0053 .00
0 0.0001 0.0001 0.0021 .0052 .0080 .00

1 .0032 | 0.0021 .002 ~.000 .0023 .01§g .0140 .0325

2 .0195 .0125 .013 .012 .0122 .02 .0580 .0883

.oz%ﬁ .0119 .0056 .0061 .012); .0723 El .1852

.00 .01)2 .0135 ,0065 .0101 .0130 .o0L98 .051

2 .0091 .008l .0076 ,0092 .0075 .011}; .03 .Ozlh

.0080 .0090 .0127 .0038 .017 . 0265 .01 L0471

g .0130 |  .0088 .009 .01 .015 .0085 .0090 .0566

.010L .011 .010 .008 .0079 .0085 .009 .0941

9 .0105 .009 .0100 .010 .0095 .0085 .011 1240

10 .0110 .010 .0106 .010 .0132 .0233 .0339 .1329

12 .0103 .01 .0088 .0113 .01L5 L0171 .0237 .1759

# Drag-off scale of drag indicator




NATIONAL ADVISORY
TABLEIV (¢) GOMMITTEE FOR AERONAUTICS,

Test Conditions: R = 2.09 x 106, M = 0.375,
internal pressure, +20 inches of water

a -ho 00 ho 80

L

=3 0.001
0 0.000L .001
3 0.003%0 .0011 .0031
2 .013y | 0.0175 20103 .0156

.020 .0062 .0069 .0080

Z .006 L013y .0081 .0092

.0110 .0100 .0086 .0105
.0108 .0135 L0141 .0122
.008% .0091 .01L5 .0097
.0099 .0103 .0097 .0089
.0165 .0109 .0125 .009Z
.0160 .0129 .012 .016

.0126 .0122 .009 .0082

- O\O o~ Ovwn

(o

Test Conditions: R = 2,09 x 106, M = 0.375,
internal pressure, 0 inches of water

1 0.0012

0 0.0023 .0018

1 0.0021 .0183 .0025

2 L0133 .0060 .0112 .0150

# # .0068 .0110

ﬁ .0068 .0131 .0082 .0097

2 .0100 .0090 .009 .0101

.0091 .0070 Saplt .009%

g .0096 .0088 .016L L0172

.010 .0110 .0091 .0085

9 .012 .0115 .0100 .0092

10 .0130 .0122 .0107 .01[,0
151 .0129 .0112 ,0213% L0171

Test Conditions;y R = 2,09 x 106, M = 0.375,
internal pressure, =20 inches of water

0.001L
0,0002 .0021
0043 o.oogz 0.0010 .0026

1

0

1

2 L0171 .01 L0137 .0119
. 0223 .0058 .008L .017

ﬁ .0072 .0126 .0070 .00

2 .010 .0076 .009% .0086
.008 .0131 .0103 .0182

g .011 ,0100 .0159 .01
.0121 .011L .0002 .0082

9 .0115 .011% .01 .0090

10 L0131 <011 .0087 .0133

11 .0152 .010l .0132 <01

# Drag-off scale of drag indicator
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TABLE Y

SPANWISE VARIATION OF DRAG COEFFICIENT #OR THE XR-6 NO. 2
HELICOPTER BLADE TIP SECTION

L, Distance inboard from blade tip, inches
a, Angle of attack, degrees
NATIONAL ADVIS JRY
¢ COMMITTEE FOR AERONAUTICS
Test Conditlons; R = 0,74 x 20°, M = 0,13

A4° =22 0° 22 4° 6° 8° 10° 12 1%° 16° 18° 20°
- 0.0031 | 0.0026 | 0.0016 | 0.0029
- 2 .0051 3823 .0 .00%35 | 0.002
29 0.003) L0040 .0060 .007 .0 .00
0 0 0 0 . 007l . 012! .02 .0390 . Z
3 . 006 .0 g 0 0040 .0098 0112 .0188 .02 0L »0220 ¢ ;g -ZES
2 .01 é 00i .006 .0050 L0171 0195 .ozlg L041 .0513 “ ol W2 . 587{
0 .0067 .007! .0 .0071 0150 .02l 031 .0800 s 0 .2092 -3
.0075 .006 .007 .006 .0073 .0079 .005 .008 .0102 .0102 .0%35 L0710 3387 . |
2 0079 .008 007 0 .0063 .0071 .00% 01 .0100 - .0085 .oL3 b |
.00 .0 0079 .007l .0080 .009 .00%96 L0111 .0126 .0 0132 .02 o1
Z . 00! .00 0083 .007 . .009 .0110 .0122 0 .01 gzz 1107
.0l .0 0089 .0096 . 008 .0100 .0116 .0125 .0126 0l 0167 . .121‘0
9 .0101 .008 .0 .009 01 .0105 .0130 .0135 .0 .0 01 .0730 .1636
1| 0108 | oo oodiy | coobs | D3 | 0133 | a5y | oM3 | A% | uB | .= B | i3
12 .0102 .0091 .oo% .0089 .0116 .0100 | .01 4 e ”
Test Conditionss R = 1,46 x 10‘, M = 0.280
o 0.0016 020031 0.002l
¥ 4 0.0012 .002 .00L1 -0029
= 0.0005 .oooz ~002! - -00L9 |
-1 0.000% .00 .00, .00 ) 0020 w
) .0012 0 .0008 .0031 .0 +037! -024,0
1 ~00%6 .0021 .0 .015 .023; 0471 -052
2 .0181 .0050 .0 .022 .06 :
.0035 .0061 .0 .021 » »
ﬁ 0089 0085 -00 .0092 .007 .01 -053,';
Z .00 ¢ .oggs .gosg .8(1)7 '82(918 .8120 -356
.00 .0081 g .01l ; . . 522
g .0092 .009 .008 .0078 .010 -0152 - 07!
.010: .010) .009 .0083 .011 01 -1011
9 .gioe K 832 .8(1)83 .ggg .gﬁ’z . éoa -E”
10 .011 .0 . . ‘ . .
11 .omé .0083 L0171 .0120 .015 0220 «19
Test Conditions: R = 2.09 x 106, M = 0.375
o 0.0V01 0.0020
0 .0005 0.000% 0.0011 .0032
1 .00%9 .0011 .02251; .gé 1
2 L0141 .00 .0 :
: oolé'z : ooag 5 ooeg 8 012
B .0082 .0103 .005k .0107
Z .0050 0101 .0092 0102
.0095 .0093 .0105 .0087
g 0102 .0103 .0090 z
0110 L0112 .0107 012
9 0112 0103 .0110 0105
10 0108 .0090 .010 0117 l
11 .0108 .0098 .011 .0120

# Drag-off scale of drag indicator




EHhI-T

NACA
LMAL 38020

(a) Upper surface upon completion of tests.

Figure 1.- Photograph of YR-4A No. 1 tip section.




NACA
LMAL 373893

(b) Lower surface upon completion of tests.

Figure 1.- Concluded.




Figure 2.-

Lower surface upon completion of tests.

Photograph of YR-4A No. 3 helicopter test specimen.
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|

Figure 3.-

Upper surface upon completion of tests.

Photograph of YR-4A No. 4 helicopter test specimen.
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NACA
LMAL3T77

(a) Upper surface upon completion of tests,

Figure 4.- Photograph of YR-4A No. 6 helicopter test specimen.
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Upper surface upon completion of tests.

Figure 5.~ Photograph of YR-4A No. 10 helicopter test specimen,
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(a) TUpper surface upon completion of tests.

Figure 6.- Photograph of YR-4A No. 10 (smooth forward portion)
helicopter test specimen.
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AR

1 NACA
“ LMAL 37386

s !

—— INC

Lower surface upon completion of tests.

Figure 6.- Concluded.




)

T

NACA
LMAL 38017

Lower surface upon completion of test_s.

Figure 7.-

Photograph of XR-6 No. 2 tip section.
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Figure 8.-

NACA
LMAL 37389.2

yv-rrﬁl—rr *'1" s

0 I
S—.

Lower surface upon completion of tests.

Photograph of XR-6 No, 5 helicopter test specimen.
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NACA
LMAL 37388

—-‘——*
Iy

Lower surface upon completion of tests.

| Figure 9.- Photograph of XR-6 No. 7 helicopter test specimen.



CL-UL3

NACA
LMAL 37389

(a) Upper surface upon completion of tests.

Figure 10.- Photograph of XR-5(a) helicopter test specimen.
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(b)

NACA
LMAL 37385

Lower surface upon completion of tests.

Figure 10.- Concluded.




NACA
LMAL 37384

T T Ty

(a) Upper surface upon completion of tests.

Figure 11.- Photograph of XR-5(b) helicopter test specimen.
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(b)

NACA
LMAL 37387

Lower surface upon completion of tests.

Figure 11.- Concluded.
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l Quarter-chord line
C 3"

130
‘,' 5

located in chord plane

I iz D Vent drilled parallel to
/ quarter-chord line and

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

~+——— Quarter-chord line

Figure /2 .~ lLocation of tip
vent on YR-4A No. 1 blade
tip section,




inches

Chord length,

16

12

EA0=I

L 8 12 16 28
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
Distance from blade tip, inches

Pigure /3 .- Variation of chord along span of YR-4A No. 1 and XR-6 No. 2
blade tip section.
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Section drag cosfficient,

.032 bol Internal Pressure, . __
o Inches of Water 0.%280 at
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NATJONAL ADVISORY
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Section 1ift coeffidient, c;

(a) Drag coefficient versus 1ift coefficient,

wigure |4 .- Aerodynamic data for the YR-LA No. 3 Helicopter
test section. R = ,91 x 10", M = .131.




Symbol Internal Pressure,
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(0] 0
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NATIONAL ADVISORY
JQM#AJ!IELEBR—AE&O*A“TN
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-24 ~16 -8 0 8 16 24

Figure |4 .-

Section angle of attack, e, » deg

(b) Lift coefficlent versus angle of attack.

Continued.




Symbol

X 40

Internal Pressure,
Inches of Water

0
+20
=20

o/l

®m
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o
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i X X ——%<L]

e
el a4
o
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Pitching-moment coefflcient,
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e o
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- T //
P NATIONRL ADVIJORY
l‘.l]hMlTTFF OR AFRONAUT
=& -4 0 4 .8 1.2 1.6
Section 1if%t coefficlient, ¢

Flgure i4 .-

(¢) Pitching-moment coefficilent about quarter-chord point versus 11ft

coefficient.

Continued.

2.0



Symbol Internal Pressure, A.C. Position
Inches of Water x/c
« 0 .2L5
& +20 2l2
L -20 253
¢
o
o
)
o
Lol
o
Lol
%
e
g @ * P Q
° T ¥ T = e =8 X + .
L < A 4
5 B
g +-+7 o~ 4
H B <
J @
g -.1 -
-E ATIONAL ADVISORY
S COMMITTEE FOR AERONAUTICS
.
-1.2 -.8 -.4 (0] .4 .8 a2 1.6 2.0
Section 1ift coefficient, c,

Figurel4 .-

(d) Pitching-moment coefficient about aerodynamic centers versus 1ift

coefficient.
Concluded.
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032 Symbol Internal Pressure,
: Inches of Water

X
e o 0.1721 at_
X «20 Op = 3"1
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0 |
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Section 1ift coefficlent, ¢
(&) Drag coefficient versus 1ift coefficient

Figure /. .- Aerodynamic data for the YR-LA No. 3 Helicopter
test section. R = 1.8 x 10%, M = 0.262.




2.0 Symbol Internal Pressure,
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Section angle of attack, %o, deg

Figure /& .-

(b) Lift coefficient versus angle of attack.

Continued.
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Pitching-moment coefficlent,

Symbol Internal Pressure,
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Section 1ift coefficient, °l

Flgure /3, -

(¢) Pitching-moment coefficient about quarter-chord point versus 1lift

coefficient

Continued.
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Pitching-moment coefficient,

Mg,c.

Symbol Internal Pressure, A.C. Position
Inches of Water x/c
o} 0 241
+ +20 212
X =20 .258
ol
+x © v ad B ig e -
= e vﬂ/ o 7
+ /t -~ /
o™ | ° ,x/
S X
© 126
-.1 3 b Qo
"
COMMNITTEE FQR AERONAUTICS
1.2 —-.8 —.4 0 .4 .8 302 1.6 2.0
Section 1ift coefficient, e,

Pigure /5 .-

(d) Pitching-moment coefficient about aerodynamic centers versus 1lift

coefficient
Concluded.




d

Section drag coeffisient, c

.032

Symbol Internal Pressure,
Inches of Water
© o
=+ +20
.028 o =
.024
020
016 i;[ *
‘ //// /7r/
////, /
i ,eﬂ
.Q12 i o I / 4
}Q — -
.008
.004
| natioaL aovory |
- COMMITFEE| FOR AEHONAUTICH

-.8 ~.4 0 .4 .8 1.2
Section 1ift coefficlent, cy

(a) Drag coefficient versus 1ift coefficient

®igure /6 .- Aerodynamic data for the YR-LA No. 3 Helicopter
test section. R = 2.58 x 10°, M = 0.375.




L-643

Sectlion 1ift coefficient,

Symbol Internal Pressurs,

2.0
Inches of Water
o 0
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=20
1.6
1.2

=
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=

NATIONAL ADVISPRY

4

-1.2
-24 -16 -8 0 8 16

Section angle of attack, a, , deg

(b) Lift coefficient versus angle of attack.
FPlgure /6 .- Continued.
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Section 1ift coefficient,
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(¢) Pltching-moment coefficient about quarter-chord point versus

1ift coefficient

Continued.
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Symbol Internal Pressure, A.C: Position
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Figure |6 .=
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(d) Piteching-moment coefficient about aerodynamic centers versus 1lift

coefficient
Concluded.
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0.0353 at,
.03 Q= gh-l V)r
Symbol Internal Pressure, \./
— Inches of Water
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Section drag coefficient,

. 00&
NATIONI;L ADVISPRY
COMMITTEE §OR AERANAUTICS
| ¢
. . 1 . 2
| e -4 0 4 e

Section 1ift coefficient, e,

(a) Drag coefficient versus 1lift coefficlent
Pigure /7 .- Aerodynamic data for the YR-lJA No. 6 Hellcopter
test section. R =¢]1,T72 x 106, M = 0.181.
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Section 11ft coefficient,
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Symbol Internal Pressure,
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MuquAL ADVISOR
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(b) Lift coefficlent versus angle of attack

Figure/7 .- Continued.
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Pigure /7 .- Continued.
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Symbol Internal Pressure, A.C. Position
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