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SUMMARY

At the request of the Army Alr Forces, Materlel
Command, 10 practlcal-construction models of sections of
helicopter rotor blades bullt by the Sikorsky Alrcraft
Divislon, United Alrcraft Corporation, were tested in
the NACA two-dlmenslonal low=turbulence pressure tummel
at atmospherlc pressure.

Lift, drag, and pltching~moment characterlstics of
blades representing the oresent method of constructlion
of the YR-4A helicopter were determined. Similar data
were obtained for other models representing the YR-LA,
XR-6, and XR-5 helicopters to determine the effsct of an
abrasion strip at the leadlng edge, of improving the sur-
face falrness and smoothness near the leadling edge, of
halving the rib spacing, of makling the blades entirely
of plywood, of using a combinatlon plywood and fabriec
construction, and of using a thinner.ailrfoll section.
The effects of varlous 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
sectlons, The spanwlise variation of sectlon drag was
also obtalned for the tlp sections. The tests were made

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

3.46 x 106 and a correspondir.g range of Mach numbers
from 0,130 to 0.376. .




The aserodynamle characteristics of the fabric-
covered models used in the present tests were markedly
affected by varlations of the internal 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 coefficlent,
a decreace in section maximum 11ft coefflclent, and a
forward movement of the aerodynamic¢ center. An internal
pressure less than that of the free-stream statlc pres-
sure usually produced a sllight increase in a section
drag coefficient, a slight increase ln sectlion maximum
1ift coefficlent, and a slight rearward movement of the
asrodynamic center.

Halving the rib spacling of a fabric-covered model
made the aerodynamlc characteristics less senslitive to
the model internal pressure.

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

INTRODUCTION

The characterlistics of smooth and falir alrfoll
sectlions specifled for use on hellcopters have been
known for some time as a result of tests 1ln essentlally
two-dimenslonal nonyawed flow, It has been reallzed,
howsver, that the characterlstics of actual rotor=-blade
sections are different from those of smooth and fhir air-
folls because of manufacturing irregularitlies, distortions
of the blade-sectlon shape that occur in flight, and the
yawed condlitions in which the blade sections operats.

At the request of the Army Alr Forces, Materlel
Command, 10 practical-construction models of sectlons
of helicopter rotor blades bullt by the Slkorsky
Alrcraft Division, United Airecraft Corporation, were
teated in the NACA two-dimensional low=turbulence
pressure tunnel at atmospheric pressure. Although these
tests did not simulate the effects of yaw, data were
obtalned to determine the relative merit of various
practical types of construction.
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Lift, drag, and pltching-moment characteristics of
blades representing the present method of construction
of-the YR-4A helicopter were determined.._Similar data
were obtained for other models representing the YR-lA,
XR-6, and XR-5 .helicopters to determine the efféct of
an abrasion strip at the leading edge, of lmproving the
surface falrness 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
construetion, and of using a thimmer alrfoll. The effects
of various 1nterna1 pressures on the characteristics of
the fabric-coversd modelswere determined. Internal pres-
_sures correasponding to various tip-vent poailtions were
.measured, The spanwise varliatlon of section drag was
also obtalned for the tip sectlons. The tests wgre made
over a ragse of Reynolds numbers from 0.7l x 10° to

0

3.46 x 1 a corresponding range of Mach numbers
from 0,130 to 0. 576.

MODELS

. Hodels representing sections of rotor blades from
three hellicopters, the YR-LA, XRe6, and XR-5 were tested.
The YR-JA models consisted .of a group of five camouflage=
painted fabric-covered models, the no. 1, no. 3, no. l,
no. 6, and no. 10, representing sections in the reglon
from the blade tip to approximately 9 feet from the tip.
The YR-LA no. 10 model was built with half the ridb spacing
of the others and the YR-LA no. li was dbuillt without a
leading~edge abrasion strip. In addition to tests in

its original condition, the YR-U4A 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 aur-
faces. was made smooth to the touch, there were local :

bumps Just to the rear of the quarter-ehord line that
could not be removed by sanding. The YR-}A no. 10 mcdel
with the forward third made smooth and fair is called

the YR-l4A no. 10 (Smooth. Forward Portion). The, models
were to represent the NACA_ 0012 airfoil section but as

eonstruoted, wers about 123 percent thick. _Additional
information for these models is glven 1in table I and

figures 1 to 6. The orack at the juncture of the
leadlng~edge abrasion strip and the rem:.nder of the
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modél 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 répresenting the portion of the blade
between the tip and.approximately 9 feet from the tip
,were tested, The models were of plywood conatruction
and were palnted with camouflage palnt by the manufacturer.
Measurements of the models showed them to be just about
12 percent. thick. Additional iInformatlion for these
models 1s gilven in table I and flgures 7 to 9.

T™wo XR-5 blade sectlons which represented the
portion of the blade close to the tip were tested. The
models were of comblnatlion plywood and fabric construc-
tion having plywood laid over ribs and camouflage-painted
fabric over the plywood. The two XR-5 mriels differed
from one another in the extent of plywood on one of the
surfaces. The ordinates of the two XR-5 sections, obtalned
from measurements of one of the models, are approximately
those of the NACA 0010-6h alrfoll section (reference 1l).
Additional information for thease models 1s given in
table I and figures 10 and 1ll.

All the models were tested as recelived except for
filling a few gouges obviodusly caused by handling and
.11ghtly sanding the upper surface of the XR-6 no. 2 tip
‘section before testing. After the drag measurements
for the YR-liA no. 1 tip sectlon were  completed, six  vent
holes were installed. The model Internal pressures were
then measured with all the vent holes sealed, except the
one for which data were belng obtalned., The vent holes
were all of inch diameter. Five were on the lower
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" surface l—inch inboard of the solld wood which formed

2
the outer 6% inches of -the tlp sectlon 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 doplng a strip
of alrcraft fabric over the model fabric in the reglon
in which the holes were to be located, cutting the holes
through the two thicknesses of aircraft fabric, and
smoothing their edges. The sixth vent hole was drilled
from the extreme tlp through the solid t+ . portion and
into the hollow part of the model. The location of the
tip-vent hole is given 1in figure 12,
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TEST PROCEDURE ~

. The tests 1In the NACA two~dimensiondl pressure
tunnel were made at atmospherlc nressure 1ln order to
keep the same relation between the Rejynolds number,
Mach number, and dynamlc pressure as 1n flight.

The wind tunnel 1s briefly described in reference 2.
All the models except the two tip sections extended
almost from wall to wall of the tunnel. Gaps Just large
enough to allow the model to pltch freely during
measurements of the pltching moments were left at the
model ends. Because of the amall slze of the end gaps,
about 1/32 of an inch, 1t 1s believed that the effect
of any alr flow through these gaps on the measured
lifts, drags, and pltching moments was negligible. The
two tip seotions were mounted cantilever from one wall
of the tunnel leaving an ll-inch gap between the model
tip and the other wall of the tumnel.

The aerodynamlc data were obtained at the smallest
Reynolds number flrst and the highest last. _The chords
used In calculating the Reynolds number are glven in
table II. The lifts were measured by evaluating the
reaction of the model on the floor and celling of the
tunnel from measurements of the »nressures on the floeor
and ceiling (reference 2). Although the models did not
have uniform chord along the span, no change was made
In the usual method of obtaininzg the 1lift. Any error
caused by the taper of the models 1s belleved to be
smell, )

The drag coefficlents for the complete span models,
obtalned by the wake-survey method, were the average
coefflclents over the center portion of the models. In
table II, which lista the tests of each model, are given
the spanwlise distances over which the drags were measured.
The drag-coefflclent of the two tip sections has heen
based on a 1l0-inch chord. The varlatlion of chord along
the span of the two tip sections 1s glven in filgure 13.

The pltching-moment coefflclents were obtalned
from measurements on a balance (reference 2).

Because some of the test Mach numbers were higher
than those at which tests are usually made 1n the.




NACA two-dlmensional pressure tunnel, the customary
methoda of computing the data were modified to lnclude
the compressibllity correction to the measured dynamlc
pressure, The wake-survey method of obtalning drag was
corrected for compressibllity by using the charts In
reference 3.

The ususl corrections to the 11ft, drag, and
rltching-moment coefficlents for tunnel-wall effect
have been applied to the data for all the models except
the two tip sections. The correctlons used were:

c; = 0.995¢cy!
eq = 0.998c4"
op = 0.998cn! . ,
ao = 1.004ag!
for the YR-LA no. 3, no. Y4, no, 10, no. 10 (Smooth Forward
Portlion), 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:

¢y, = 0.991cy?
cg = 0.997cq!
Cm = 0.997cqy!
d = 1.006a,?

The primed symbols denote values obtained in the tunnel.

Tunnel-wall correctlions have not been applied to
the data for the tilp sections because of the small
magnitude of the corrections for a full-span model of
the slze of the tip sectlons and because the corrections
usually applied were derlved for constant chord models
which completely span the tunnel. Because of the
questionable accuracy of proflile-~drag measurements made
by the wake-survey method in the reglon of strong tralling
vortlces, such as were present ln the tip reglon of the
models, the compressiblllty correctlons have not been
applled to the measured drags for the two tip sectlons.
The correctlions would reduce the drag coefficlents by

approximately 2% percent at a Mach number of 0,280 and



5 percent at a Mach number of 0.,575. During tests of
the tlp sections, the wake-survey rate was about
2; Teet behind the tralling edge of the models,

The full-span febric-covered models and the fabric-
covered tlp section were tested with the 1nternal pressure
in the hollow rear portions of the models equal to the
free-stream statlc pressure and.to pressures greater and
less than the free-stream statlc pressure by 20 lnches of
water, The free-stream static pressure 1s the pressure
that would exlst in the tunnel test section for the
condltlons at which the tests were made but with the
tunnel test section empty. The desired model 1nternal
pressures were obtained by connecting the interlior of
the models to a pump through a hollow pin that helped
hold the models in place. The model internal pressures
were measured by connectling the -hollow rear portion of
the models to a sultable manometsr.

The Internal oressures of the fabrlc-covered tilp
section were measured wlth all the holes sealed except
the one for which data were belng obtelned. The
measured pressures have not been corrected for tunnel~
wall effect.

Durlng the tests the fabriec on some of the models
cracked or spllt, thus causing leeka., The cracks were
repalred by applylng dope; the tears were repalired
by covering the reglon of the tear with alrcraft tape
and applylng a few coats of dope. A 1list and the type
of repalrs are glven in table III. The aerodynamic
characteristics of the models were not notlceably
affected by changes In surface conditlions caused by the
repalrs. To eliminate the possibillty ‘of model fallure
at the hlghest test dynamic pressures the angle-of-
attack range was restricted to values below the stall.

RESULTS

The results are presented ln groups of blade sectlons
which have simllar consatruction features. The pltching-
moment coefflclents have been presented about both the
aerodynamlic centers and quarter-chord points for &all
cases except those where the slope of the curve of
pltehing-moment coefflclent about the quarter-chord point



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

The first group consists of the YR-4A no. 3 and the
YR-4A no. 6 blade sections. The results for the YR-La
no. 3 blade section are given in figures 1l to 16.

Upon lnspecting the model at the completion of the test

at & Reynolds number of 1.8 x 106, it was found that
the fabric cowvering over the hollow rear portlion of the
alrfoll had become flabby. The tests at a Reynolds number

of 2.58 x 10° were conducted with the febric in this
condition., The fabric flabblness magnified the effects
of the different lnternal pressures and allowed the
external suctions to have a relatively large effect at
the higher dynaemlc pressures for the conditlion of zero-
internal-pressure difference. The results for the YR-LA
no. 6 blade section are contalned in filgures 17. to 20,
The fabrlc tenslon decreased slightly during the tests.,

The second group consisted of the YR-ljA no. l,
YR-4A no. 10, and YR-4A no. 10 (Smooth Forward Portion)
sections, The YR-JA no. L} blade section was used to
determine the effect of a leadlng-edge abrasion strip
on the characteristlcs of the models in the first group.
The results are glven in figure 21. The YR-LjA no. 10
blade sectlion was tested to determine the effect on the
aerodynemlc characteristlcs of models in group one of
halving the rib spacing. The results are given 1in
figures 22 to 24. The YR-LA no. 10 (Smooth Forward
Portion) was used to determine the effect of smoothing
and falring the forward third of the alrfoll sectlon on
the serodynamlc characteristics of models similar to the
YR~ A no, 10 blade section. The results are contalned
in filgures 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 figurs 27 and the data
for the XR-6 no. 7,1n figure 28.

The fourth group consisted of the XR-5(a) and
XR-5(b) sectlions and indlcates the effect on the aero-
dynamic characterlistlcs of clhanging the alrfoll secction
from the NACA 0012 to the NACA 0010-6l and indicates the
results to be expected from blade sections having the
comblination plywood and fabric constructlion used for the
XR-5 models, The results for the XR=-5(a) blade speclmen



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

The fifth group consisted’ of the two blade tip
sections, Nelther 1ll1ft nor pitching moments were :
measured during tests of the two tip sectlona. Sectlon
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 anglea of attack
were plotted in figure 3l to show the varilation of section
drag coefficient along the span of .the YR-4jA no., 1 tip
section. Simllar data for the XR-6 no. 2 tip section
from teble V are presented in figure 35. In figure 36
data are presented in the form of ourves of Ap/q versusa
for the various vent-hole positions, where

Ap '~ Model internal static pressure minus free-stream
statlic pressure ’

q free-stream dynamlc pressure

DISCUSSION
Aerodynamlic Characteristics of Fabric=Covered Models
as Affected by Internal Pressure

The blade sectlons were tested at iInternal pressures
greater and less than that of the free-atream statilc
pressure because the internal statlc pressures of rotor
blades in flight differ from atmoapheric pressure.

The column of alr contained in the rotating blade 1s
acted upon by centrifugal forces and for the XR-5,
XR-6, and YR-l;A helicopters 1t is possible for the
statlic gressure in the tip portlion of the blade to be
about 280 pounds per square foot greater than atmospheric
pressure at sea level. This 13 based on the assump-
tion of an internal pressure at the blade root equal
to the atmospheric static pressure and an airtight
blade, By sealing the blade at the root and leaving
‘the tip portion open to the atmosphere 1t would be .
possible to get an internal statlec pr:.3ssure in

the blade at the root 1lesas than atmospheric pres=-
sure by about 280 pounds per square foot.
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Such large.pressure differsnces from-atmospherlc.pressure
are probably not: encounﬁered in practice becausp:the;
blades are vented to the atmosphere and may have leaks

or partitions along the.spans: A-pressure difference of
20 inches of water, correspending to a'pressure of-.

1104 pounds per square foot, was chosen as being suffi-’
clently large to show clearly the effects' of internal
pressure on the.aerodynamic characteristics and yet not
be large enough to cause structural failure of the: blades
during the tests.

- The YR-4jA no. 3 test section was chosen to 1llustrate
the effects of lnternal pressure on the.gerodynamilg
: characteristics of a typlecal fabric-covered model.

Section maximum 11ft coefficlent.- The. effect of
variations of Internal pressure on the section maximum
-11ft coefficlents of fabric-covered models with normal
rib spacing is 1llustrated by the data for the YR=LA
no. 3 section, at a Teynolds number of 1.8l x 06, glven
in the followlng table and in figure 15(b):

Internal pressure Section maximum
(in. H0) 1ift coefficlent
- 20 1.15
. 0 : 1.25
=20 1.%2

Increasing the Internal pressure caused the sectlon
maximum 11ft coefficlients to decrease. Decreasing the

* .7internal pressure caused the opposite effect. The effect

of. internal pressure increased as the test dynamic pres-
sure increassed (figs. 1l(b) and 15(b)).

'The effects of internal pressure on other modela,
which had approximately the same rib spacing (YR-hA no. L,
YR-hA no, 6), were about the same,

. " Section lift-curve slope.=~ The effect of variations
of the Internal pressure on the slope of the 1ift curve
1s 11lustrated in the following table and in figures 1L(b),
15(b), and 16(b) for the YR-hA no. 3 test section. °
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Tnternall - - . . Section‘IIT%iourva slope
pressure| . - 6 " 6 - 6
(1n. 5,0) =3 1 x 109 R '= 1,8, x 10 1R = 2.58 x 10
« 2%/ I'q = 26.0 Ib/sqft jqg = 102 Ib/aq ft|q = 210 15/3qft
20 . 0. 101; . 04095 0.102
0 - 112 ' 112
-20 3 .10 .112 -119

Increasing the lnternsl pressure reduced the slope
of the 11ft curve from that obtalned at zero internal-
"pressure dlfference. and decreasling the internal pressure
caused :the- slope of the 1lift curve to increase.

. The values 1n the table alsc Ilndlcate that the
effect of Internal pressure became larger with increasing
airspeed. Increasing the alrspeed caused the dynamic
pressure to increase and therefore ocaused the pressure
differences ecting acroass the fabric surfaces to Ilncrease.
"The increased pressure differences caused lncressing
- changes in model contour.

‘Sectlon drag coefficlent.- The effect on the section
drag coeifliclent of varylng the internal pressure is
11lustrated by the data for the YR-lA no. 3 test section.
The data for a moderate 1li1ft coefficisent, 0.4, and a
Reyholds number of 1.84 x 106 are given in the following

table and in flgure 15(a):

Internal pressure Section drag
(in, HpO0) coefficlent
20 . 0.011
0 .009
L -20 . . 0107

The table 1s representative of the general con-
clusions drawn from the -data-ln the ‘figures. These are
that zero internal-pressure difference produced the
lowest sectlion drag coefficlents and that the suction
condltion produced slightly hlgher section drag. Poslitive
internal pressures produced the largest drag coefficlents.

Section aerodynamlcé center,.=- The effect of variations
of the 1nternal pressure on the position of the aero-
dynamic center 1a.lllustrated by the data glven in the
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following table and 1n-f1gﬁre 15(d) for Zhe YR-LA no. 3
model at a Reynolds number of 1.8 x 106. -

Internal pressure . Posltlon of the
(in. H0) aerodynamic center
20 0.212
0 241
=20 .258

Changing the model lnternal pressure thus had a
large effect on the positlion of the aerodynamic center.
Positive internal pressures caused the aerodynamic centers
to move rforward falrly large dlsvances from the positions
for no 1nternal-pressure difference., In moat cases,
suction caused a slight rearward movement of the aero-
dynamic center. The reason for the movement of the sero=
dynamlic center with internal pressure 1s believed to be
the change 1n the airfoll shape 1n the tralllng-edge
reglon as the Iinternal pressure was varled., A thick
blunt tralling-edge reglon results in a forward position
of the serodynamic center; a fine cusp-like tralling-
edge position results Iln a rear position of the aero-
dynamic center (unpublished data from IMAL),

Effect on the Aerodynamic Characteristics
of Increasling the Alrspeed

Section maximum 1lift coefflclent.- The effect on
the sectIon maxImum 11Tt coeliflcient of increasing the
airspeed 1s 1llustrated by the data for the YR-4A no. 3
sectlion contained in the following table and in fig-
ures 1lli(b) and 15(b):

Section maximum 1ift coefficient
R Int?rnal prissure
in, 0
3 20 ga;, -20
0.8& X 10 _ 1.20 1.17 1.25
1. 1.15 1.25 1.32

A8 the alrspeed Ilncreased the section maximum 1ift
coefficient obtained at the condition of positive internal
pressure decreased. At both zero internal-pressure
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. difference, and suction the sectlion meximum 11ft coeffl-

clent increased with 1ncreasing airapeed. The changesd
were falrly small,

The change 1n maximum sectlon 11ft coefficlent with
alrspeed depended on the relative effects of the change
in Reynolds number, Mach number, and alrfoll contour.
Increasing the Reynolds number 1n the range covered by
the present tests would he expected to lncrease’ the
maximum section 1lift coefflcient but increassing tne Mach
number would decrease the maximum sectlon 1lift coeffl-
clent. An example of the effect of Mach number on the
meximum sectlon 1ift coefficlent 1s glven by the data
in figures 25(b) and 26(b). The sectlon maximum 1ift
coefflclent decreased from 1.25 to 1.0l as the KMach
number 1lncreased. fram 0.262 to 0.375.

In reference ljare gilven datse indlcating that the
effect of Hach number on the maximum 11ft coefflclent of
the NACA 0012 alrfoll becomes Iimportant at Mach numbers
greater than 0.17. The effect of increasing the dynamlc
pressure would be to Increase the maxlmum section 1ift
coefflclent 1f the effect of Increasling camber at the
rear of the alrfoll, caused by the fabric deflectlons,
were greater then the effect of thlckening the alrfoll
at the rear. For the condlitlon of suction ths effect
of Increaslng camber was provably greater than that of
alrfoll thickenlng. At the condition of posltive
internal pressure the alrfoll nrobably bulged out so
much that the effect of lncreasling camber was over-
shadowed by the change in alrfoll thickness distribution.

Sectlon lift-curve slope.,-~ As an 1llustratlon of
the varIatiIon of sectIon IIiT-curve slope with alrspeed
the valusa for the YR-LA no. 3 model for the suction
condltion are glven below:

R M Slope of section 1ift curve
0,91 x 106 0.131 ‘ 0.106
1. 262 112
2.5 «375 v119

The section lift-curve slopes 1lncreased with alr-
speed. DBecause the slope of the 1ift curve for rigld
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airfolls, in the test range of Reynolds numbers (refer-
ence 5), 1s practically independent of Reynolds number,
the change 1In slopes of the 1lift curve was caused elther
by Mach number, dynamlc pressure, or a combination of
both.

, The sectlon lift-curve slope may be expected to
increase wlih Mach number in the manner glven by Glauert's
factor 1//1 - M2 (reference 6). For &ll models tested
with Internal pressure, except the two XR-5 models, the
increase of the slope of the 1l1ft curve wilth Mach number,
at Intermal pressures equal to and less thanthe free-
stream static opressvre by 20 Inches of water, was grsater
than would he expected from Glausrt!s factor. Tor
poslitive internal pressures the ingcrease was greater

than that given by the factor 1AM - M2 for the YR-4A
no. 6 model but leas than expected for the YR-4 no. 3 and
YR-A no, 10 models. The increase of lift-curve slove
with Mach number for the XR-6 no. 5 plywood-covered

model was about equal to the lncrease expected frum
Glauert!s factor. The XR-6 no. 7 model showed an
unexplained 1ncrease Iln lift~curve slone wlth lMach

number that was about 10 percent greater than expected
from Glauvert's factor.

A contributing factor to the excosslive lift-curve
slopes for the fabric-covered models may have been a .
camber Increasing fabric c¢sflection at the reer of the
alrfolls that incroased wilth 1ncrsase in dynamic nressure
and angle of attack. The effsct of the camber lncreasing
fabrlc deflectlions on the 11ft was probably greatest at
the condition of suction and least at the posltive
internal-pressure condition because of the bulglng of
the alrfoll thicknessa distribution in the trailing-edge
reglon as the internal pressure increased. |

Section drag coefficient.~ The variation of section
drag coefilclent with alrspoed is glven in the following
table and in figures 1l4(a), 15(a), and 14(a) for the
YR-LA no. 3 test sections
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.. . -- -Sectlon drag ‘Section drag
Int?igalﬂpg?Fsure coefficlént at” Jcoefficlent at
- 52 erejr= 00 0 <t e = 0.8
R £ 0,92 x 105
.- 20 ' o_oogl - 0.0162
: o . - 20086 | | .o013k
=]1. <20 ,0102° L. :
R=1.8) x 106
. 20 0.0104 0.0172
0 .0092 ©.0120
-20 .0098 .0132
R = 2.58 x 106
20 0.011L 0.0156°
0 . 009 0152
.20 : .0098 .0125

There were no important dlfferences between the
varlation of sectlion drag coefflclent obtalned for thils
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 coefflclent
with Reynolds number as the airspeed increased. The
cauge 18 believed to be the distortion of the alrfoll
shape wilth increase in alrspeed and the fact that the
model surfaces were not aerodynamically smooth. At the
higher section 1ift coefficlents the sectlon drag
decreased slightly between the lowest and hlghest alr-
speeds, :

The section drag coefficlents for the XR-6 no. 5
and XR-6 no. 7 plywood-covered models (figs, 27(a)
and 28(a)) at zero 1ift rose by sbout 0.0008 as the
alrspeed increased. At the.larger 1lift coefficlents
the section drag coeffilclents decreased by about 0.0020
as the alrspeed increased.

Section aerodynamlc center.~ The movement of the
aerodynamlic centeér o the YR-}A no.' 3 sectlion as the
airspeed was varied is given in figures 1ll(d),.15(d),
and 16(d) and in the following table:
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.Aerodynamic center position, x/c
R Tnternel pressure
(in. H20)
¢ 20 0 =20

0.91 x 10° 0.242 0.245 0.25
1. .212 2L .22
2.5 .206 227 262

The varlation in position @f the aserodynamlc center
for the different internal pressures increased with
increasing alrspeed. The same effect 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 dynamlc pressure lncreased.

The movement of the serodynamic center of the
XR-6 no. 5 plywood-covered model with change in air-
speed 1s presented in figure 27(d) and 1n the following
table:

R Aerodynamic center position, x/c
0.92 x 106 0.247
1.28 o2U2
2,68 2357

The smsall forward movement of the aerodynamic
center with Increesing alrspeed was also obtalned on
the XR-6 no. 7 test section (fig. 28(d)). Because of
the rigld plywocod surfaces the dynamlc pressure probably
did not cause a sufficlently large change in model
contour to affect the aerodynamlc characteristics.
Reference 7 indicates that a forward movement of the
aerodynamic center with ilncreasing Mach number 1s to
be expected. The measured movement for the two plywood
models (figs. 27(d) and 28(d)) 1s close to the value, .
0.9 percent, which would be expected from reference 7
for the test range of Mach numbers,

Effect of Leadlng-Edge Abrasion Strlp on the
Aerodynamic Characteristics

The effect of a leading-edge abrasion strip on the
serodynamic characteristics of a typical faebric-covered
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model csn be obtained from a comparison of the data for
the YR-hA no.:3 and YR=4A no, L test sestions at a

Reynolds number of 1.87.x 106. Thesge sectlons were
practically identical except for the painted leading- -
edge abrasion atrip on the -YR-LA no, 3:test seotion'hnd
a possible difference in fabrio tens:l.on. e =

Section meximuh 1ift coefficient.- The leadinsfedgé

abrasIon strip had no Important eélfect on.the.aection
maximum 1ift coefficient (figs. 15(b) and 21(b)).

Section lift-curve slope,= From comparison of flg=-
ures I5(b) and 21(b) 1t 18 apparent that the leading-
edge abrasion strip.causes no important.change in. slppe
over the straight vortion of the 11ft curve.

Section dragﬁcoefficlent. The addition of a .
leading~edge abraslon atrig reduced the sectlion drag
coefficlent by about 0.0008 in the range of moderate
section 1ift coefflcients at zero' internal-pressure

difference. At positive internal- pressures the effect.. .

of the leading-edge abrasfién strlp was masked by the
effecta of febric deflection so that..the model with

the leading-edge abrasion strip,-the YR-4A no. 3, had
higher section drag than the model witho'%t the leading-
edge strip. The effect of the leading-edge abrasion
strlp on section drag coefficlent depends on the
relative smoothness of the leadling-edge abrasion strip.
For the region of the span over which drags were taken
the leading-edge abrasion.strip was fairly smooth; at
other points blobs of paint were present. :

Section’ aerod amic center,~ The difference between‘
the séctlon aerodynamic centers for -the two test sections

(figs. 15(d) and 21(4)) 1s not belleved to have been-
caused by .the difference in surface.conditlons -at the
leading 'edge. The difference may have been caused by a
difference in fabric tension,

Y

Effect on .the Aerodynamic aﬂééactéristtcs of Fabric-
Covered'lodals of Halvins the Rib Spacing -

The effact on the aerodynamic charaoteristics of a
fabric-covered model of halving the »ib. spacing 1s

1
P

cemy &
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11lustrated by the data for the YR-LA.no. 10 and YR-4A
no, 3 test specimens,. The major difference between.the.
two models was, the difference in rib spgcing (table I).,

Section maximum 119¢" coefficient.- A téble of the
section maxImum IIIT coef?IcIenEs'Ie gi?en_below-

Internal pressure _YR=lA YR-LA .
(in., H20) “ noe -, -1}~iho«-10-
R = 0.91 x 106 '
- 20 1,207 117
0 ' . L7 1.13
-20 . ) 1.25 1.1
R = 1.8 x 106
20 _ 1, 15 " 1.25
0 1.25 "1.25
~20 1,32 1.25

These results 1lndlcate that at the smallest test "
Reynolds number the section maximum 1lift coefficlents
for both test specimens were about the same (figs. 1l (b)
and 22(b)). . At the intermediate Reynolds number
1.8 x 105 the section maximum 1ift coefficient of the
YR-JA no; 10 section was independent of internal pressure
and equal to 1.25 (fig. 23(b)). The section maximum
11ft coefficient of the YR-LiA no. 5 blade séction varied
from 1,15 with the blade at a positive internal pressure
to 1.32 with the blade interior under suction (fig. 15(b)).
Although the greatest maximum section 1lift coefficlent
for the YR=lA no. 10 section was less than the greatest
for the YR-LjA'no. 3 section, the halving .of the rib
spacing eliminated the varlation of maximum section 11t
coefflclent with internal pressure.

Sectlon lift-curve slope.~ For the conditions of
positive and zero Internal-pressurs difference the slope
of the lift curve of the YR-LA mo, 10 section divided
by the slope of the 1ift curve of the YR-LA no. 3
section varied from 1.02 at ‘the lowsst to 1,08 at the
highest Mach number. At negative Internal pressures
the dlfference between the slope of the 1lift curves . =~
was less than .about 2 percent for all the test condltions, '




. ... Segtlon drag coeffilclent.~ The following table of
sectlion drag coelficlents at ¢ " 1llustrates the
difference in section drag coef}ic*ents obtalned for the
YR-LA no. 3 and YR-4A no. 10 models:

Internal pressure YR=-LA YR-lA
(in. H>0) no. 3 no. 10
R = 0,91 x 106
-20 0.0125 0.0094
0 .0101 - 0098
-20 .0115 .0101
R = 1.8} x 106
20 0.011 0.0101
0 .009 .0100
-20 .0105 .0103

R = 2.58 x 106

20 0.0122 0.0102
0 .010 .0099
-20 .010 00102

These results indicate that halvling the ribv
spaclng reduced the varlation of sectlon drag coeffl-
clent with Internal pressure to an almost neglliglble
amount. Although not apparent from the values 1n the
table which are for c¢; = 0.4, the YR-LA no. 10 specimen
at all internal vpressures at the lower 1lift coefflclents
had about the same sectlon drags as the YR-LA no, 3 had
at the conditlion of zero 1lnternal-pressure dlfference
(figs. 15(a) and 23(a)). When the internal pressure of
the YR-hA no. 3 test sectlon was greater or less than
the free-stream static pressure by 20 inches of water
the sectlion drag coefflclents were larger than those
obtained at the condition of zero internal-pressure
difference, The YR-4A no. 10 model at all internal
pressures, therefore, had smaller sectlon drag coeffl-
cients than those obtalned for the YR-4A no. 3 model at
internal pressures greater or less than the free-stream
static pressure by 20 lnches of water, :

Sectlion piltching-moment coefflclent.- Halving the
rib spaclng reduced but dld not elimInate the movement of
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the aerodynamic center with change 1n dynamic pressure.

~ 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-4A no. 3 (fig. 16(d)).to a

movement between 25.0 and 22.6 percent of the chord for

the YR-LA no. 10 (®fig. 2h(d).

Comparlson bstween the Aerodynamlt Characteristlcs
of a Fabric-Covered Model Having Half the Normal
Rib Spacing and a Model Heving Rigld Surfaces

To investigate ths effect on the asrodynamlc charac-
teristics of changling the method of construction from the
fabric-covered type with half the normal rib spacing to
the plywood-covered type of construction the data for
the YR-liA no. 10 fabric-covered section are compared with
those for the XR-6 no. 5 olywood-covered model.

Sectlen maximum 1ift coefficlent.- A table glving
the section maxImum I1IIt coefilclents for the two test
sectlions is glven below: '

R _ YR-lA no. 10 XR-6 no. 5 A
0.92 x 106 1.13 1.1l
1.78 1.25 1.19

At both the smallest and IiIntermedlate Reynolds
numbers the fabric-covered YrR-L4A no, 10 section had
slightly higher section maximum 1ift coefflclerks than
the plywood covered XR-6 no. 5 section (figs. 22(b),
23(b§, and 27(b)). The difference 1n sectlon meximum
11ft coefficlents, although small, -was consistent and
may have been caused by a slight dlfforence ln leadling-
edge radlius between the two test ssctlons.

Section lift-curve slope.~ The section lift-curve
slope was s8llghtly greater for the Vi-ljA no. 10 model
then for the XR-6 no. 5 model at both the suction and
zero internal-nressure differernce condltions. The dif-
ference lncreased from about 2 to about 7 percent of
the lift-curve slope of the XR-6 no. 5 section as the
test Mach number lncreased from the lowest to the highest.
For a posltive 1nternal pressure of 20 Inches of water
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the YR=-ljA no. 10 model had a slope of the 1ift curve
less than that of the XR-6 no, 5 section by about

. 7_percent at & Mach number of 0,262; at a Mach number
of 0.376 the slopes were about the same.

Section drag coefficient.- In the rahge of moderate
11t coeITIclents at the lowest Reynolds number the .
plywood=-covered blade had about the same section drag

coeffioclents as the lowest for YR«LA no. 10-{figs. 22(a)
and 27(a)). At the intermediate Reynolds number the
section. drag coefficients for the XR-6 no, 5 section
were lower than those for the YReljA no. 10 section by
approximately 0,001l through the range of moderate 1lift -
coefficlents (figs. 23(a) and 27(a)). At the highest
Reynolds number the difference was about the same,
apnroximately 0.0013% (figs. 2l (a) and 27(a)). -The

XR-6 no. 5 plywood-covered blade thus had lower drags
than the fabric-covered YR-lA no. 10 blade spscimen,

The difference ln section drag coefficle.t was belleved
to be caused by a difference in the surface condltions
between the two modsls, .

Section serodynamic center.- The XR-6 no. 5 plywood=
covere sectlon had a rig surface and so its aero-
dynamic characteristics were obtained without any
adJustment to 1ts internal pressure, The maximum
variation in the position of the aerodynamic center
from the lowest to the highest Reynolds numbers was
1 percent from 2l.7 percent of the chord to 23.7 percent
of the chord (fig. 27(d)). The extreme movement of the
aerodynamic center during the tests of the YR-L4A no. 10
model was 2.l percent of the chord from 25.0 to 22.6 per=-
cent of the chord (fig. 2i(d)).

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

Section maximum lift coefficlent.-~ Comparison of
the data for the YR-L4A no. 10U and ¥R~4A no. 10 (Smooth
Forward Portion) indicates no important effect on
maximum sectlion 1lift coefficient. .

Section lift-curve slope.= Smoothing and falring
the forward portlon o e alrfoll made no.change in
the slope of the 1lift curve,
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. Section drag cqefficlent.- At-1lift coefficients. .
leas than about 8.7 the alrioil with the smooth forward
portion had less dreg than the alrfoll having thse usual
finish, The difference in seotlon drag was about.
0.0013 over part of the range of moderate 1llft coeffi-
clents at all Réynolds numbers for-which comparable
data are avaliable..

Section aerodynamic center position.- The differ-
ences 1in o section aerodynamic center nositlons were
small and were probably caused by slight' changes in
fabriec tension rather than by changes 1ln the surface of

the forward portion of the model,

Aerodynamic Results Obtained for the
Two XR-5 Test Specimens

ThHe data in flguré 29(b) for the XR-5(a) test
section indicates a shift in the 1lift curve between
the conditions of suctlon and zero lnternal-pressure
difference and the condition of -poaitive internal pres-
sure., In addition, although the airfoil sectlon was :
symmetrical, the 1lift at zero angle of attack was negative.
The shift in the 1ift curve may be explained:by a change.
in model contour during the tests, During the teat at a

Reynolds number of 2.40 x 106 1t was noticad that the
fabric on the upper surface had pulled away from-the
plywood which 1t covered and ballooned out, thereby
changling the model contour. The fabric probably began
to pull away from thz wood during. the test at a Reynolds

number of 1,19 x 10 and a pressure difference of

20 inches of water. Thls probably explains the upward
shift of the 1ift curve at a, = 0° for the gositive
internsl~pressure condition ag R 1.19 x 10° because
bulging fabrlc over the upper surface would be equivalent
to an increase 1n alrfoll camber, Beccuse of the change
in model contour caused by the bulging fabrlc, tests on
the model were discontinued. The explanatlon for the ~ -
apparent exlstence of negative 1lift at zero angle of
attack 1s that the model was twlsted 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 teated at internal

‘pressure greater than the free-stream static pressure

because 1t was found before beginning the tests that
application of a small posltive internal pressure

caused the fabric to begln to tear away from the plywood
which 1t covered and balloon out. The sectlion drag
coefficlents in figure 33(a), for internal pressures

less than and equal to that of tle free-stream statlc
pressure, have been plotted egailnst the 1lift coeffl-
clents obtalned at an internal presasure equal to that

of the free stream, The data at the highest Rsynolds
number are incomplete because the fabric had loosened
from the plywood enough to balloon out over the forward
portion of the upper surface as mounted in the tunnel.
Because of the change 1n model contour the tests were
discontinued. External suctions over the forward
portion of the upver surface at moderate and high 1ift
coefflclents durlng the tests at the lower Reynolds
numbers had probably caused the fabrlic to teuar away
from the plywood. A partial explanatlion for the relatively
low maximum 1ift coefflclents obtalned with the XR-5 sec-
tlons is that the sections were about 10 percent thilck
whereas the others were about 12 percent tkick,

This portion of the dilscussion 1s based on the
data for the XR-5(b) model because the data obtained
for the XR-5(a) twisted model may not be rerpresentative.

faxlmum sectlion 11ft coefficlent,~ The maximum
sectlon I1ft coefflclent was lower than obtalned in
tests of the models using the NACA 0012 contour. The
value of the maximum sectlon 1l1ft coefflclenf varlied
from 0,87 at a Reynolds number of 1,20 x 105, to at
least 1.05 at a Reynolds number of 3;16 x 106,
Although part of the increase in maximum sectlon 1lift
may have been caused by the fabric leaving ths upper
surface of the forward portion of the airfoll, it
appears probable thatthls effect was smeil., An
increase 1n the effective camber would normally show
1tself in an upward shift of the 11ft curve 1f the
camber 1lncrease were independent of angle of attack
or in an abnormally large slope of the 1li1ft curwve 1if )
the camber increased wlth angle of attack. The upward
shift of the section 1lift curve was only 0.0l and the
section 1ift curve did not have an abnormally large
slope. Thus, the effect of a change in the airfoll
contour was probably small end most of the effect
appears to have been caused by Reynolds number,
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Section 1lift-curve slope.,- ‘The slope of the 1lift
curve was sllghtly less than that of the other models
and showed no abnormal increase wlth Mach number.

Section drag coefficlent.- The sectlion drag coef-
ficient was low at zero L1It at the lowest Reynolds
number but lncreased at higher 1ift coefflcients and
Reynolds rumbers until it was no lower than the ssection
drag coefficlents obtained for ths YR-LA no. 10 model.
The low values of the maximum 11ft coefficlient caused
the sectlon drag to Incresse to largs wvalues at lower
values of the section 1lift coeffliclent than for the
other models.

Section serodynamlc center noslition.~ The asro-
dynamic center was at the quartor-cuoocrd point for all
the tests at Intermal 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 vositlive internal pressure« on the position
of the aerodynamlc center are avallable.

Comparison of Aerodynamic Data for the Test Specimens
with theat Obtalned for a Smooth and PFair
NACA 0012 Airfoll Section

For purposes of comparison, data for a smooth and
falr NACA 0012 alrfoll have been included 1n figure 37.
Pltching moments were not obtalned during the test of
the smooth and falr alrfoil.

Maximum section 1lift coefficlent.- The Mach numbers
for mosSt of the present tests at Weyaolds numbers close
to 1.8 million are approximately 0.2o0. 1In splte of
the unfavoratle effect of Mach number on maximum 1lift
coefficlent at Mach numbers larger than about 0.170
(reference lj) the test specimens had maximum 1ift coef-
flclents which were falrly close to that obtalned for
the smooth and falr section at a Reynolds number of
1.79 million and a Mach number of 0,130.

Section lift-curve slope,- The 3lope of ths 1ift
curves for all the models at zero internal-pressure -
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difference and a Mach number of 0.130 we»e Jjust about
the same as that, for the smooth and fair airfoll.

- Section drag coefficlent.~ The section drag

coaffTclents ol Eﬁe Talr and smooth NAGA 0012 airfoil
were smaller than those obtained for any of the NACA
0012 test specimens, including those covered with
plywood. The difference 1ln section drag between the
plywood covered and the smooth and falr section varied
between approximately 0,0005 and 0,0025; the largest
differences occurred in the range of moderate 1lift
coefficients. In figure 37 the drgg curve for the . .
XR-6 no, 5 model at R = 1.78 x 100 has been included
for comparison. .

YR=4A no. 1 and XR-6 no. 2 Blade Tip Sections

The angle of attack given 1in the data for the two
tip sectiona 1s the geometric angle of attack at the
root of the medel. Because .of the finite span, tralling
vortices were present at all angles at which any portion
of the models had 1lift, These vortices produced vertical
velocltles at the models that caused the asrodynamic
angle of attack to vary along the span,

For some high drag conditions at the higher tunnel
dynamic pressures the deflectlons 1ln the manometer used
to-measure drag exceeded the range of tr» lnstrument.
Therefore, the drag coefficlents at these points could
not be obtained, These polnts are indicated in the
tables by an asterisk, When the varlation 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 coeffl-
clents at the missling points may be estimated from the
values at the lowest Reynolds number,

The large spanwlse variatlon of sectlon drag

cosffigient of the YR-JA no. 1 tip section (fig. 3L)

was probably caused in part by the type of model surface,
ribs and fabric, and partly by the varlation of 1ift
coefficlent along the apan. The 1lift coefficient wvariled
over the span of the model because of the geometric twist
of about 2° (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 inereased the spanwlse variation
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of section drag coefficlent -also lnoreased. With
increasing anhgle .of attack the boundary laver over the
upper surface became thick and therefore was more easily
deflected in -a spanwise direction by -any pressure .
gradients which were present, - Such spanniee pressure .
gradlents could be caused by the variation of 1ift along
the span and By local changes .in airfoll conftour such

as protruding ribs and bumps.

The spanwiee variation. of section drag coefficient .
for the XR=6 no, 2 plywood-covered tip sectlon (fig. 35).
was less than for the YR-ljA no..l tip section. The =
ma jor reason was probably the comparatively good surface
finish of the XR-6 no. 2 tip section,

The peak 1n proflle-drag coefficient near the tip
of the mogdels.is probably caused by the tip vortex
deflectling the boundary layer from a portlon of the
model into a small svpanwlse reglon. Regions in which
the boundary layer has been deflected.spaenwise usually
are characterized by alternating regions of high and
low drag. The reglons of high drag raepresent regions
into which the boundary layer has flowed from the reglons
which appear as low drag regiona. )

The pressure transmitted into the mndel interior
by the various vent holes are shown in .!;ure 36. The
change in Ap/q with angle of attack decreased as the
vent hole was moved toward the trallling edge because the
chenge in pressure wlth angle of attack at a point on an
alrfoll decreases as the point mowes toward the tralling
edge. The curves of Ap/q versus «a are almost atraight
lines up to an angle of agtack of 169 at R = 0.74 x 10
and 18° at R = 1.6 x 10 The angles of attack at.
which the..curves.suddenly change character are probably
the angles at which the tip reglon of the model stalled.-
The data obtained for the .tlp. 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 azgles as. the chord vents, 16° at

= 0.74 x 10° and 18° at R = 1.46 x 10%. 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 acccunts for most

of the difference. '
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CONCLUSIONS

) .The data obtalned for the madels tested indicated
the following conclusions:

1, The amerodynamlc characterlstics of the fabric-
covered models were markedly affected.by varlations of
pressure, Usually, the most desirable pressure in the
hollow rear portlion of the model was one equal to the
Iree-stream statlic: pressure. An lnternal pressure
groater than that of the fres -stream usually produced
an.increase in section drag coefflclent, 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 statlic pressure usually
produced a slight increase ln section drag coefficient,
a slight Increase in maximum sectlon 1ift coefflclent,
and a slight rearward movement of the aerodynamlc center,

2. The effect of model internal pressure on the
aerodynamic characteristics lncreased as the test
dynamlc pressure increased.

3, Halving the rib spacing of a fabric-covered
model mede the aerodynamlc characteristlcs less senslitive
to the model internal pressure.

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

5. The effect of smoothing and fairing the forward
third of a typlcal fabric-covered test section was to
reduce the sectlon drag coefflclent by about 0.0013 in
the range of moderate 11ft coefflclents,

6. Comparison of the data obtailned for the practical=
construction models, at internal pressures equal to and
lesa than that-of the free-stream static oressure, wilth
those for a smooth and falr NACA 0012 alrfoll section
indlicated no important dlifferences in the maximum sectlon
11ft coefflclent. The drag coefflclents for the smooth
and falr NACA 0012 airfoll section were lower than the
lowest obtalned for the practlical-constructlion NACA
0012 models by an amount which increased from 0.0005
to 0.0025 as the magnlitude of the 1lift coefficlent
increased from zero to moderate walues,
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7. The effect of adding a leading-edge abrasion
strip was to reduce the section drag coefficlent by
about 0,0008 in the range of moderate 1ift coefficients
for zero lnternal-pressure difference.

8. Models which had approximately the NACA
0010-6l; alrfoil section had section maximum 1lift coef-
ficlents about 0.3 less than those obtalned on airfolls
bullt to represent the NACA 0012 alrfoll sectlon.

9. Measurements of internal pressures for vent
holes located on the lower suriace of the fabric-covered
tip sectlon, inboard of the tlp, indicated pressures
less than the free-stream statis pressure at all angles
of attack except the highest and a varliation of pressure
with engle of attack that decreased as the vent was
moved towerd the tralling edge. The internal static
. pressures fcr a vent placed in the extreme tip of the
blade were less tnen that of the free stream throughout
the range of angles of attack and the varlation with
angle of attack was very large. The values of the
measured statlc 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 spanwlse variation of
section drag coefflcient along the span of the two
tip sections indicated a peak in the sectlon drag
coefficlent about % inches from the blade tip that
increased with 1increase in angle of attack.

Langley Memorlial Aeronautical Laboratory
National Advisory Committee for Aeronautlics
Langley Fleld, Va., September 6, 194);
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asgembly fabels-
soversd

')
TAME I
Nodel Variation of Construotion Ridb Spacing, Inches Type of Finish Over Finieh Over Rear Remarks
Chord Along Large Center Small| Lesding Bdge Porward Third Two-Thirds of Model
Span (Inches) Chord Portion Chord of Model
Bod  of Span  End
YR-UA No. 1 | Ses Plgure 12 | Porward third solld Rib spacing varied | Dopainted Tabrie grain apparent. Mbric grain apparen. [Medel received with twist along spi Hp
™p wood, ribs to rear. from ;i. to 3L wotal Iaeal nicks and Bumpy over ri| . | region at geometric angle of lttnk sbout z
‘Seotion Batire sassmbly < abrasion strip] busps leas than root, as mownted in tunn
fahei
YR-4A No. 5 | Linear from . hg In 5& Painted metal l:m-l ridges at jome of | Smooth between ribs,
IOIZ_'“ 2 1 abrasion atrip 1an strip and air-| bumpy over ribe
}E prog“. Pabris
YRGA - Wo. h | Linear tr-1 . "3‘ & )g Ioel:ru!.uu Rough to toush. .
. strip fabrio grain spparent
mi% to 13% ‘
R4 ¥o. 6 | Linesr from . 5 5 5 Balf span wm- fabriec grain apparent fatele grain apparent 1sal slots In lesding-sdge abrasion strip
1 !‘12 painted metal to toush; b ovep “mld
l}i‘z‘ to abrasion strip riba inid
1
TR-UA ¥o. 10| Linear frem . 2 1 Unpainted metal| b Bupy and rough
10!2_ to 15_2 ZE & sbrasion strip
g1
YR=UA Wo, 10 . * .t * - — . fapward third faired to NACA 0012 sontour
Swooth with pmxylin glasing putty and sanded.
Porward Smooth te toush exsept for al bql
Poption e
XR-6 Wo. 2 See Figure 12 |Rigid wood surfase. - - -— Small fabrio- Pabric grain apperent Smeoth axeept ler o awilase, WOTH
Tp Outer layer of fabris sovered metal over leading edge lecal nieks and sapded befere beginning tests
Section for about forward strlp buspe .
20 percent of ohord
XR-6 Wo. § Linesr from . -— - - . . .
102 to 13y
XR-6 Wo, T | Linear frul . - - - . l:rio srain epparent .
i te 1‘& region g-ease
XR<5 (s) Linear from  [One surfase 50 per- 3 Ne sbrasien 1 murto in apparent Fabric grain apparest ereent weod surfase wpper surfaee in
1,3 %o 17 i} smt wood, other ’& % atrip lecal i ’ looal Semps.  Pmpy | ,aol- Kodel reseived with most of
100 perocent. Ride over ribs spaa tvisted to negative angle of attask
for resr T2 pere az mownted in tunnel
sent of ochord.
Entire asaembly
fabrio-ocovered
XR-5 (b) Linesr from 5& % 3 . . . NATIONAL ACVISORY

COMMITTEE FOR AERONAUTKS




TABLE II
LIST OF TESTS

L « Tift, D « Drag, N - Pitoching Moment

NATIONAL  ADVISORY
COMMITTEE FoR AERONAUTIG

Model Chord Used to Porticn of Span Over Mode)l Internal Pressure {R x :I.()'6 | Dynamie cm}.et"hti“
i Caloulate Which Drag Was Taken Inghes of Water. pressure, q. Measured
Reynolds FMumber Left of - Right oI | Referred to free-strean 1bs/aq ft.
(Inches) Center Line, | Center Line static pressure
Inohas Inches
o . . outer portion of ti 0, *20 0. 0.1 26.0 D
™ h;l:o 1 10.0 or po p 9 89 1.1} 9.3 2 D
Section 0, 20 2,09 0.379 209 D
YR-LA Wo. 3 1.7 L 5 o gg ?.s - H 132'0 o
» . L] » »
0, 20 2. 0.375| 210 L. D, M
YR-UA ¥o. L 11.7 b b 0, 20 1.87 [o.26d] 102 L, D,
. . 0, %20 1.72 0. 56.3 L, D, X
YR-lA Wo. 6 15.4 5 5 % ; gzg 8'$ i‘.,-’E 2: g: X,
0 N . M
0, %20 5.20 o.;ﬁ 201 L, D, N
R ] 0 0.91 . 26.0 L, D, N
YR4A No. 10 11.7 h b % §8 1'§19‘ 8'§ %8; L D X
0, 22 2. . L, D, X
¥o. 10 11. L 0, -20 1.8y [o.262| 102 L, D, X
o R 7 4 0, 20 2.59 | o8| 210 L, D, X
Forwvard
(rortio
XRe6 No. 2 10,0 Outer portion of tip Rigld surfaes. O.Ek 0.1 26,0 D
Tip Internal pressure 1. 0.2 102 D
Section net adjusted. .09 T8 209 D
R~ No. 11, b h Rigid surfase. 0.92 [o0.1 26.0 L, D, M
o 5 4 f Intermal pressure 1.78 o.xa 2102 LD M
not sdjusted 2,68 |0.5713] 3210 I, D, X
. L] . N )a
XR-6 Wo. 7 15.4 N L Rigld surfase. .21 | O, 26,0 L, D, X
Intom J];:::WO ghz 0. %gg L, D, M
no . B L, D, !
- 15, 0, %20 1. 0 26,0
5 (e >k ’ > *+20 tg .i . 102 © Dy
0 2.0 102 LD
hd 2
XR-5 (b 15. 5 0, =20 .20 26.0 L, D
5 (v) b ’ 0, -20 o.aa 102 L, D, X
0 ; 0. 201 L, D,
«290 . 04 201 D




TABLE III

NATIONAL ADVISORY

LIST OF REPAIRS (coyyrree rop PERONAUTICS

Modsl Repairs
S — = - -
YR-L4A No. 1 No repairs.
Tip

Section
YR-LA Wo. 3 Ko repairs.
YR-4A No. L No repsairs.

. poog

YR-4A Fo. 6 Cracks in fabric along ribs near trailing edge.

fabric aplit at trailing edge. Dope applied
to cracks. Strip of aircraft tape applied
to trailing edge and doped 1in place between

runs at R = 2.93 x 106 ana R = 3.20 x 106.
(See photograph.) "abric tension decreased
during tests.

YR-hA No. 10

Local cracks in fabric, Repaired by applylng
dope.

YR-LA No. 10

Local cracks in fabric repaired with dope.

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

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




TABLE IV (a)

SPANWISE VARIATION OF DRAG COEFFICIENT #OR THE YR-LA NO. 1

HELICOPTER BLADE TIP SECTION NATIONAL ADVISORY
COIMITTEE FOR AERONAUTICS
L, Distance inboard from blade tip, inches
a, Angle of attack, degrees

Test Oonditions: R = 0.7h x 106, M = 0.130, internal pressure, +20 inches of water

_ho _Zo 0° 2o ho 6° 8° 10° 120 mo
1 I
2 0.0089 0.0101 0.0032 0.011} 0.0128
.0073 . 0046 .0047 .0100 .0419
E .0109 .o12h .0060 f .0126 .0079
2 .0090 . 0065 .0085 .0120 .0L g
007l L0115 .012 L0l .021
a .0111 .0082 . 008 .0139 .0102
.0161 .oog'z .0079 .0109 .0156
9 .0136 .0082 .0079 .0037 .0127
10 .0096 .0101 .0100 .0082 .0170
n .0150 .0109 .0099 .0076 .0179
6

Test Conditionss R = 0.74 x 10°, M = 0.130, internal pressure, O inches of water

.0180 | .01%0 | .0050 | .0068 | .0050 | .0

00~ TN LN N =

0.0119 | 0.0210
0.01 0.0097 | 0.0180 | 0.0048 | 0.0090 o.ogzz 0.012 0,0210 .0210 .02
.009 .0380 .1021 Y
.0102 L0131 .0107 .0070 .0072 .00 3 . ogz .0052 .0220 .030;
. .00 .0107 .01 .0
. . . .0087 .0153 .0 ]
.0101 .007 .0090 .0140 .0139 .0150 .0157 .00T1 006 .011
0%2 .0099 .0092 .0078 .0079 .0090 .0090 .0105 .0100 .011

9 .0092 .0086 .0086 .0092 .0092 .0100 .0105 .018) .0120
10 0096 .0100 .010l .0104 .0104 . 010! .0104 .012 .0120 L0171
1 0109 .0L0 .0089 .0087 010k .012 .0154 .015 .0183 .019%
Test Conditionss R = 0.7 x 106, M = 0.130, internal pressure, -20 inches of water
0 0.0015 0.0040
1 0.0056 0.00%0 .0077 0179
2 .0111 : .0026 .0100 .0151
E 012 .00l 3 .0065 .0 3 .010
.0093 .0123 .005% .00 .0101
2 005 .006 .0090 .0093 .0110
007 .01 .0112 . o:.ﬁ . ozzﬁ
a .0113 .09 .0152 .0
.0100 009} .0092 0078 .0081
9 .0100 .009 .0109 009, .0087
ig .010 .01 .0109 0117 .021




= -TABIEIY (b) - - -NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Test Conditions: R = 1.h6 x 106, M = 0.280, internal pressure, +20 inches of water

. a _ho -20 oo ho 80 1 20 mo 1 6° 2 oo
L
-h 0.0021 |0.0008
-3 .0028 .0009
-2 0.0010 .0029 .0017 -
-1 0.0012 .0020 .00L3 .0031
0 0.000} .0019 0032 . .005% .0099
1 0.0042 0,0013 .00l .0031 .0099 .0279 022
2 .0239 .0162 .009L .0153% .0232 .0600 <1431
.0201 .0061 .00 .0072 .0281 L .0691
ﬁ .006ly .012 .006 .0083 .0090 .0093 ,0348
2 .0102 .007 .008 L0113 .0102 L0171 .0357
.0086 .0119 .0129 .01} .0106 .0160 .0609
g .0077 .0087 .0127 .0 .01 .0C9 .0603
.0087 .0097 .0083% .0080 .012 .01 .0799
9 L0154 .0115 0112 L0146 .0166 .01.80 .1010
10 .0183 .0099 L0111 .0128 .0148 .ozga 131
11 .01 .0135 .0096 .0091 .0110 .01l 152

6

Test Conditions: R = 1.46 x 10, M = 0,280, internal pressure, O inohes of water

9.0013 o.oéhg 0.0080 |0.0116

0
1 0.0035 ' 0.0016 | 0.0003 .002 0.0123 .022 .020l L0316
2 .0112 .0125 .0117 .0136 .0255 .0309 .0701 .1133
.0291 . 005 .00 .0093 ) » " *
ﬁ +0067 .012 .0060 .0095 .0128 .027 .0186 oLl
2 .0091 .007l .0092 .0085 .0119 .032 .0 .038
.0 z .0119 .0113 .0072 .0169 .0 .0069 .0[68
E .009 .0092 .01 .0175 .0070 .0085 .0093 .05 2
.0096 .0101 .0082 .0085 L0111 .01l .012 .07
9 .0106 .0095 .0092 .0091 .0099 .017 .017 .09
10 .011 .0097 .008s .0110 .0170 .0152 .019 .1201
11 .012 .0081 .0110 .0152 .0161 .015 \ .0192 L1477
Teat Conditions: R = 1.6 x 106, M = 0.280, internsl pressure, -20 inches of water
% o.oggl 0.03%7
.0030 .0
2 0.0184 .003L; .0025
1 .0040 .0053 .00
0 0.0001 0.0001 0.0021 .0052 .0080 . 02
1 .0032 | 0.0021 .002 .000 .0023 .0 a .010 .og 3
2 .0195 .0125 .01% .012 L0122 .02 .0580 .088%
. .0119 .0056 .0061 .012} .0723 » .1852
.00 012 .01%5 .0065 .0101 .01%0 .0498 .051
2 .0091 .008L .0076 0092 .0075 .011} .0% .0
.0080 .0090 .0127 .0098 .017 .0265 .01 +0ly’ %
g .0130 .0088 .009 .01 .01 .0085 .0090 .0
.010h .01l .010 .008 .0079 .0085 .0 L0941
9 .0105 .009 .0100 .010 .0095 .0085 .011 .
0 .0110 .010 .0106 .010 .0132 .0233 .0339 1329
1 .0103 .01 .0088 .0113 015 L0171 .0237 .1759

H

* Drag-off scale of drag indicator




NATIONAL ADVISORY
TABLETY (c) coMMITTEE FOR AERONAUTICS;

Test Conditionss R = 2.09 x_106, N = 0.375,
internal pressure, +20 inches of water

a _ho oo ho 8°
L
-1 0.001
0 0.0004 . 001
1 0.0020 »0011 .0031
2 L0133 | 0.0175 »0103 .01586
.020 .0062 .0069 .0080
ﬁ .006 .013l .0081 .0092
2 .0110 .0100 .0086 . 0105
.0108 .0135 .01 .0122
g .0083% .0091 .01h5 .0097
,0099 .0103 .0097 .0089
9 .0165 .0109 .0125 .oogz
10 .0160 .0129 .012 . 015
11 .0126 .0122 .009 .0082

Test Conditlons: R = 2,09 x 106, M = 0.375,

internal pressure, O inches of water

1 0.0012

0 0.0023 .0018

1 0.0021 .0183 .0025

2 .0133% . 0060 .0112 .0150

™ » .0068 .0110

ﬁ .0068 L0131 .0082 . 0097

2 .0100 .0090 .009 .0101

.0091 .0070 ,011 .0093

g .0096 .0088 . 016l .0152

.010 .0110 .0091 .0085

9 .012 .0115 ,0100 .0092

10 .0130 .0122 .0107 .01l,0
11 .0129 .0112 .0213% L0171

Test Condltionss R = 2,09 x 106, M = 0.375,

internal pressure, -20 inches of water

0.0014
0,0002 .0021

1

0

1 .0 o.oogz 0.0010 .0026

2 017 .01 L0137 .0119
.0223 .0058 .008l 017
.0072 .0136 ,0070 .00

2 .010 .0076 .0093 .00Bé
.008 .0131 .01C% .018Z

Z .011 ,0100 .01L49 .01
.0121 .011l .0002 .0082

9 .0115 .011% .01 .0090

10 .0131 .011 .0087 '0133

11 .0152 .010! L0132 .01

# Drag-off scale of drag indicator




- TABLE L

SPANWISE VARIATION OF DRAQ COEFFICIENT POR THE XR-6 NO. 2
HELICOPTER BLADE TIP SECTION ’

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

NATIONAL ADVISJRY
COMMITTEE FOR AERONAUTICS

Teat Conditions; R = 0,74 x 106, y =0,

G -2° o® 2° 1° 6° 8° 10° 1°
-3 0.0031
-2 0031
-1 0.0034 .0040

0 0 [+] . .
1 006 . g .00L0 8 0112 .0188 .02
2 .O%E . .006 .0050 0171 .0195 .021 . 12 .0513
.0067 .007 .0 .0071 .0150 . .031 .0800
o] .0069 .007 .006 0073 .0079 .005 .008! .0102
z 0079 .0087 007 .0 .0063 .0071 .009 0! .0100
.00 N 0079 007l .0080 .009 . 0096 L0111 .0126
; .00l .0 .0083 .007 . 0080 .009 .0110 0122 .0126
O .0 .0089 .0096 .008 .0100 .0116 .0125 .0126
9 .0101 .008 .0 .009 .01 .0105 .0130 ,0135 .0121;
10 .0101 0 . 00! ogg .0109 .0129 0129 L0193 ,016l
11 .0132 .00 Bg R ,0111 .0139 .013 .015% .0169
12 .01 .0091 .007 .0089 0116 .0100 .01
Teat Conditionss R = 1,46 x 106, M = 0,280
- 0.0016
-3 0.0012 .002
-2 0.000% 0009 002
-1 0.0003 0 .0016 oo;g
0 0008 .0051 00
1 .00%6 .0021 .0 015 .023?
F .0181 .0050 0 022
'0825 .0081 .0 .021
ﬁ .0 2 0085 .00 .0092 .0072
2 .00 .0085 .0085 .007
.0088 081 0085 .011 .0108
g 009 009 .008 .0078 010;
010 010 009 .0083 01l
9 0108 0090 017 7 0127
10 011 0086 009l 0120 013
11 01l 0083 L0171 .0120 .015
Teat Conditionss R = 2,09 x 106, ¥ = 0.375
-1 0.w01 0.0020
0 .000% 0.000% 0.0011 .0032
1 0039 .0011 .00 0161
2 0151 .oog .012 .02
a .oolé .008 .0
.00 .0103 00 0107
2 .0090 .ow01 .0092 L0102
.0095 .0093 .0105 .0087
Z ,0102 .0103 .0090 009
,0110 .0112 .0107 .012
9 .0112 .0103 +0110 .0105
10 .0108 .0090 .00 .0117
11 .0108 .00538 011 .0120

# Drag=off scale of drag indicator



ERFT

LMAL 38020

(a) Upper surface upon completion of tests.

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



NACA :
LMAL 37389.3

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.




Upper surface upon completion of tests.

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




i i

(a) Upper surface upon completion of tests.

Figure 4.- Photograph of YR-4A No. 6 helicopter test specimen.



(b) Lower surface upon completion of tests,

Figure 4.- Concluded.
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Upper surface upon completion of tests.

Figure 5.- Photograph of YR-4A No. 10 helicopter test specimen.



(a) Upper surface upon completion of tests.

Figure 6.- Photograph of YR-4A No. 10 (smooth forward portion)
helicopter test specimen.
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(b) Lower surface upon completion of tests.

Concluded.

igure 6.-

F




NACA
LMAL 38017

Lower surface upon completion of tesi;s.

Figure 7.- Photograph of XR-6 No, 2 tip section.




NACA
LMAL 37389.2

Lower surface upon completion of tests.

Figure 8.- Photograph of XR-6 No. 5 helicopter test specimen.




NACA
LMAL 37388

Lower surface upon completion of tests.

Figure 9.- Photograph of XR-6 Na. 7 helicopter test specimen.




NACA
LMAL 37389

(a) Upper surface upon completion of tests.

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




NACA
LMAL 37385

(b) Lower surface upon completion of tests.

Figure 10.- Concluded.




NACA
LMAL 37384

LT
___INOHES o

(a) TUpper surface upon completion of tests.

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




NACA
LMAL 37387
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(b) Lower surface upon completion of tests.

Figure 11.- Concluded.




h)
; I E Quarter-chord line

1-6- D Vent drilled parallel to

—"‘1 quarter-chord line and
located in chord plane
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

l—- Quarter~chord line

Figure /2 .~ ILocation of tip
vent on YR~4A No. 1 blade

tip section,




inches

Chord length,

16

12

T VR

L 8 12 16 ' 2
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
Distance from blade tip, inches

Figure /3 .- Variation of chord slong span of YR-4A No. 1 and XR-6 No. 2
blade tip section.



.

Section drag epeffioient,

.}

. Section 1ift coeffidient, c;

{a) Drag coefficient versus lift coefficient,
!1gurol4-.- Aerodynamic data for the YR-LA No. 3 Helicopter

test section. R = ,91 x 10°, M = ,131.

. i Int 1P » ——r—
-8 Symbol Inohes of Water 0.3280 at 4
o 0 o
+ +20
X =20
.028 F ]
// ] l/ ‘
2t 021872 o
]
o I/
// 0.041) at
/) a - 12.1°
7 5309 at
016 ‘_,/ / ‘ﬂ.‘- 1.1
/’*;'//}Z/
L
.012 //" //
%/*/
.008
.004}
NATIONAL ADVESORY
0
-8 -4 o 4 .8 1.2




2.0 Symbol Internal Preséurd,
Inches of Water

0] 0
+ +20 .
3 =20
1.6
3
1.2

3 \
—~ —

o

»

N

Section 11ft coefficlent,

|
-

-8
ATIONA} Abwsdpv
G WMITU‘Q

-1 .2
-24 =16 -8 o 8 16 24

Sectlon angle of attack, co s, deg

(b) Lift coefficlent versus angle of attack.
¥igure |4 .~ Continued.



Cm

Pitching-moment coefficlent,

Symbol Internal Pressure,
Inches of Water
© 0
+ +20
X =20
S
o1

-+
-SRI S S S
St f T

+ b ;3(

r'd
+7
,4 ’/
- Y|
7 .
™ NATIONRL ADVISORY
COUMITTEE JFOR AFRONAUT
|
-1.2 -.8 -4 -0 4 .8 1.2 1.6
Section 1ift coefficlent, cl

FMgure 4 .-

(e) Pitching-moment soefficient aboﬁf quarter-chord point versus 1ift

coefficlent.

Continued.

2.0



Symbol Internal Pressure, A.C. Position
Inches of Water x/c
@ 0 .2h5
+ +20 . .2
X =20 .253
S

A

o el

<]

]

-t

5]

Lal

o ' +

© ® +

L )

§ d "

g +»+i;8/' ’

;m ‘__‘01 Q X’

E ATIONAL ADVISORY

S COMBITIEE FQR AERONAUTICS

o{

¥

-1.2 -.8 -.4 0 .4 .8 1.2 1.6 2.0
Section 1ift coefficient, cl

Plgureid ,-

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

coefficient.
Concluded.



Symbol Internal Pressure -
-2 Inches of Water
o
+ 0 0.1721 at
+20 =
X -20 %= .1
.024 ]
3 - 7 T
- ] A
£ i /
§ .0i8 / /
Lol
< .
4 /.
g 7V
LM )
o g
[V
] .g/
£ P :
=] o hd Cal ;
[«] —l l: _]e/
-l ;
p .
2 008
m E
+004 .
«| OOMMITIEE FOR AER
0 ]
-.8 -k 0 A R 1.2
Section 1ift coefficlent, L
(a) Drag coefficient versus 1ift coefficlent
Flgure /.= Aerodynamic data for the YR-LA No. 3 Helicopter

test section.

R = 1.8 x 108, n = 0.262.



2.0 Symbol Internal Pressure,
Inches of Water
o 0
+ +20 .
) % -20 )
1.6
1.2 ,Aaﬂ
+
f,// %\\
/7] g\
/ | %
~ .8 %/i‘ \
-0-: / ¥ Nod
<]
(7}
3 /
a4 .
[
Gy
L}
o]
Q
FE]
&
a0
o
(o]
L)
+
(]
') ¥
(7]
-.4
-.8
NATHONAL—ADVEORY-
CCTWITTEE FOR AFINMALTICE
'1-2
-24 -16 -8 o 8 16

Sectlon angle of attack, Co, de

{b) Lift coefficient versus angle of attack.

Figure/s'.- Continued,
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Inches of Water
SZ 0 _,
+20
X -20
<
(3]
)
(4]
iy i
=
©
v} r
[4]
—FF
E + + —t ’/‘E’
| L)
g o xJ11—===EF1:##E-=1;:;;;5;::: — Fo—" " &
o - ot e
» TN o
g . o - - /
> A
g X
]
& - x,?
o] .
g
g .
3
y m1mmss FOR AERFNAUT|C1
~1.2 -.8 -4 o .4

Symbol Internal Pressure,

Sectlon 1ift coefficient, ¢

8 1.2 1.6
1

2.0

(¢) Pitching-moment coefficient about quarter-chord polnt versus 1ift

_ coefficient
Pigure /J,- Continued.



c

Pitching-moment coefficient,

Na,0.

Symbol Internal Pressure, A.C. Position
Inches of Water x/c
o} 0 24
+ +20 212
X -20 .258
.1
Ly O + + .+
= o - o P R
+ L, # P4 /]
+_®+r /@ b 0] X/
+t o
[o] X
-1 x=]
;-
" -
COM?’ITTEE FQR AERONAUTICS
-1.2 -8 -4 0 .4 8 1.2 1.6 2.0
Section 1ift coefficlent, cl

.H.gure e

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

coefficlent

Concluded.



4

Section drag coefflelent, ¢

.032

Symbol Internal Pressure,
Inches of Water
e 0
+ +20
X -
.028 20
.024
020
016 /l x
| / 7),
A
L+ /
.12 +‘\-+_,/4/ /
X A
B - n
.008
004
e
o COMMITHEE! F6R AERONAGTICH
-.8 ~-.4 0 4 .8 1.2
Section 1ift coefficlent, c;
(a) Drag coefficient versus 1lift coefficient
wigure /6 .~ Aerodynsmic data for the YR-LA No. 3 Helleopter

test section. R = 2.58 x 10°, M = 0.375.




2.0 Symbol Internal Pressurse,
RN I . Inches of Water
o 0
+ +20
. X -20
1.6
1.2
~a
©

8ectlon 1ift coefficient,

»

=)

-.4

NATIONAL ADVIiRY

-24 -16 -8

8 16 24

Sectlon angle of attack, ay s deg

(p) Lift coefficient versus angle of attack.

Figure /6 .- Continued.



c
m

Pitching-moment coefficlent,

Symbol

Internal Pressure,
Inches of Water

o 0
+ +20
X -20
.1
+"”+——+
/’
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