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SUMMARY “

At tie request of the Army Air Forces, Materiel
Command, 10 practical-constructionmodels of sections of
helicopter rotor blades”buil”tby the Sikorsky Aircraft
Division, United Aircraft Corporation, were tested in
the ITACAtwo-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-~ helicopter were determined. Similar data
were obtained for other models representing the Y@A,
XR-6, and XR-5 helicopters to detexmine the effect of an
abrasion strip at the leading edgesof improving the sur-
face 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 thimer.airfoil section.
The effects of various model internal pressures on the “
charaoteristlcs of the Pabric-comred models were deter-
mined. Internal pressures corresponding to various tip-
vent positions were measured on one of the two tip
sections. The spanwlse variation of section drag was
also obtained for the tip seotions. The tests w re made
ovar a range of Reynolds numbers from ?!0-74 x 10 to
3.46 x 106 and a correspondlr.grange of Mach numbers
from 0.13(1to 0.376. . .
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The aerodynamic.cha?aoteristias of the fabric-
oovered models used in the present tests were markedly
affected by variations 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 Inorease in seotion drag coefficient,
a decreaee in seotion maximum lift coefficient, and a
forward movement of’the aerodynamic center. An internal
pressure less than that of’the free-stream static pres-
sure usually Nroduced a slight increase in a section
drag coefficient, a slight increase in section maximm
lift coefficient, and a slight rearward movement of the
aerodynamic center.

Halving the rib spacing of a fabrfc-covered model
made the aerodynamic characteristics less sansitive to
the model internal pressure. “

Blades having plywood surfaces had maximum llft
ooefflcients no higher than those of fabric-covered
models and drag coefficients about 0.0013 less than
those OP 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 in essentially
two-dimensional nonyawed flow. It has been reallzed,
however, that the characteristics of actual rotor-blade
sections are different from those of smooth andf&ir air-
foils because of manufacturing Irregularities, distortions
of the blade-section shape that occur in flight, and the
yawed conditions in which the blade sections operate.

At the request of the AIT& Alr Forces, Materiel
Command, 10 practioal-constructionmodels of’sections
of helicopter rotcmblades built by the Sikorsky
Aircraft Division, United Aircraft Corporation, were
tested In the NACA two-dimensional low-turbulence
presstu-etunnel at atmospheric pressure. Although these
tests did not simulate the effects of yaw, data were
obtained to determtne the relatfve merit of various
practical types of construction. “

—— .—. . . . .. .
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Lift, drag,”and pitching-mament characteristics of
blades representing the present mbthod of aonstruothn

.— o?”~ YR-@ helieopten were..detemined.-.-Simllardata
*era obtained for other:modele representing the YF@A,

XII-6,and xR-5 helicopters to.determine the eff6ct of “
an abrasion strip at the leacllngedge,of Improving the

.. surface fairness and smoothness near the leading edge,
of halving the rib spaoing, of making the blades emtlPely
of plywood, of using a ccmbbthn pl~ood and fabrlo
cmstruetion, and of using a thtnner airfoil. The effects
of various internal pressures on the charaoteristios of
the fabric-covered modo.lawen determined. Tnternal pre8-
.s~eor~spondlng to various tip-vent positions were
-measured. The spanwise.variation of qeotton drag was
also obtained for the tip sections. The tests w re made
over a r

?
e of Reynolds n~bera from 0-74 x log to

3;46 x 10 and.a corresponding range of Maoh numbers
frcm 0.130 to 0.376.

.
“ MODELS .

IJodelsrepresenting section? of rotor blades from
three helicopters, the YR-~, XR=6, and XR-5 were tested.
The YR-)+Amodels consisted.of a group of five camouflage-
painted fabric-covered models, the no. 1, no. 3, no. 4S
no. 6, iandno. 10, representing sections in the region
from the blade tip to approximately 9 feet from the tip.
The Yib!+Ano. 10 model was built with half the rib spacing
of the others and the YR-~ no. 4. was built without a
leadin~edge abrasion strip. Ihaddltion to tests in
its original condition, the YR-~ no. 10 was also tested
with the:forward third of the model surfaces.f’airedto
the oontour of the NACA 0012 alrfoll seotlon with pj’rox~
glasihg putty and sanded smooth. JUthough the texture
of the finish over the forward third of the model 43qr-
f-s.,was made smooth to the touch, therb we~e local :
bumps just to the rear of the quar%er-chord line that
oould not be remowd by sanding. The Y@.& no. 10 m@el

,.with the forward third made smooth and fair Is eallecl
the YI@A no. 10 (Smo.othForward Portion). l%e,mpdpls
w?= to represent the NACA10012 airfoil section but, as.-
eonstfic.l%d,.were about 125 pert.en~-~k. Additional

information”for &e se modeis 1.8given In”table I and
flgurea 1 to 6. The crack at We “junctureof the
leading-edge abrasion strip and the rem:...riuerof the

J .———.—----.—
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model
d’ter

tkt mn be noticed in figure 6(9 occu~red
ithe model tests had:been.complete . .

“~ee XR-6 blade seoti6ns, thp”xR-6 no. 1, no. 5,
and m. 7 models representing the portion of the blade
between we tlp and.approximately 9 feet from the tlp
,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

s 12-pedoent.thick. Additional information for these
models “Isgiven In table I and figures 7 t-o9. ..

TWO XR-5 blade sections whloh represented the
portion of the blade close to the tlp were tested. The
models were of combination plywood and fabrio construc-
tion hating plywood laid ovsr ribs and camouflage-painted
fabric over the plywood. The two XR-5 m~%ls differed
from one another in”the extent of plywood on one of the
surfaces. The ordinates of the twd XR-5 sections,obtained
from measurements of one of the models, are approximately
those of the NACA 0010-@ airfoil section (reference 1).
Additional Information 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 handllng and

.lightly sanding the upper surface of the XR-6 no. 2 tip
‘seotlonbefore testing, After the dra~ measurements

●

✎ ✎

for the Yh!@ no. 1 t~p section werec=pleted, six”wnt
holes were installed. The model Internal pressures were
then measured with all the vent holes sealed, except the
one for which data were being obtained. The vent holes
were all of ~inch diameter. Five were on the lower

“1 16
surfaoe ~lnoh Inboard of the solld wood which formed

the outer

f

inches of the tip seotionand were looated

at 38, 50, 0, 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 ovar the m~el fabric in the region
In whioh the holes were’~ be located, cutting the holes
through the two thicbesses of airoraft fabric, and
smoothing their edges. The sixth vent hole was drilled
fran the extreme tip through the solld t+.;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’~ressure

tunnel were made at atmospheric pressure in ordor to
!“3 keep the same relation between the Re-polds number,

:J! Mach number, and dynamic uressure as in flight.

“, : The wind tunnel is brlefly”described In reference 2.
All the models extent the two tip sections extended
almost from wall to wall of the tunnel. Gaps just large
enough to allow the model to pitch freely during
measurements of the pitohing moments were left at the
model ende. 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
llfts, drags, and pitching moments was negligible. The
two tlp seotlons were mounted cantilever from one wall
of the tunnel leaving an n-inch gap between the model
tlp and the other wall of the tunnel.

The aerodynamic data were obtained at the smallest
Reynolds number first and the hi@est last. .The chords .
used in calculating the Reynolds number are givwn In .
table II. The lifts were measured by evaluating the
reaction of the model on the floor cmd ceiling o? the
tunnel from measurements of the ~ressures on the floor
and celling (reference 2). Although the models did not
have uniform chord along the span, no change was made
in the usual method of obtainlns the lift. Any error
caused by the taner o.f the models Is believed to be.small●

The drag coeffiolents for the complete span models,
obtained by the wake-survey method, were the average
ooefficlents over the center portion of the models. lh
table II, which lists the tests of eaoh 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 seotlons is given In figure 15.

from

than
;

The pitchlng=moment ooeffiolents were obtained
measurements on a balanoe (referenoe 2).. .

Beoause some of the test Mach numbers were higher
those at which tests are usually made in the.
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NACA two-dtiensfonal pressure
methods of ccmputlng the data

tunnel, the oustomary
were modifted to Include

the compressib~lity-oorreotionto the measured dynamio
pressure. The wake-survey method of obtaining drag was
corrected f’orcompressibility by using the charts In
reference 30

The usual corrections to the llft, 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:

,

a. = 1.00I+CCO?

for the YR-)+Ano. 3, no. ~, no. 10, no. 10 (Smooth Forward
Portion), and XR-6 no. 5 models. For the Yd-~ no. 6,
XR-5(a), XR-5(b), and XR-6 no. 7 models, the corrections
were:

cd = t).99’@dr

% = om997~f

U. = 1.006ao~

The primed symbols denote values obtained in the tunnel.

!Punnel-wallcorrections have not been applied to
the data for the tip secttons because of the small
magnitude of the corrections for a full-span model of
the size of the tlp sections and because the corrections
usually applied were derived for constant chord models
which completely span th”etunnel. Eecause of the
questionable accuracy of profile-drag measurements made
by the wake-survey method in the region of strong trailing
vortlaea, such as were present in the tip region of the
models, the,cmnpressibility corrections have not been
applied to the measured drags for the two tip sections.
The corrections Tould reduce the drag coefficients by

approximately 2+ percent at a Mach nmber of 0.280 and
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5 pement at a Mach number of 0.37’5. During tests of
the tip secttons, the wake-survey rate was about

-. 2~”feet behind the tralllng edge of the models.

The full-span fabric-covered models and the fabric-
covered tip section were tested with the internal pressure
in the hollow rear portions of the models equal to the
free-stream static prestire and.to pressures greater and
less than the free-stream static pressure by 20 inches of
water. The free-stream static pressure 1s 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 tonne’ctlngthe interior of
the models to a pump through a hollow pin that helped
hold the models in place. The model internal pressures
were measured by comectlng the.hollow rear portion of
the models to a suitable manor.ecer.

The Internal m?essures of’the fabric-covered tip
section were measured with all the holes sealed except
the one for which data were being obtained. The
measured pressures have not been corracted for tunnel-
wall effect.

~hg the tests the fabric on some of the models
cracked or split, thus causing leaks. The cracks were
repaired by applying dope; the tears were repaired
by covering the region of the tear with aircraft tape
and applylng a few coats of dope. A list ah the type
of repairs are given in table III. The aerodynamic
characteristics of the models were not noticeably
affected by changes in surface aondltfons caused by the
repairs. To eliminate the posslblllty’of model failure
at the htghest test dynamic pressuz-esthe angle-of-
attaok range was restricted to values below the stall.

RESULTS

The results are presented in groups of’blade sections
which have similar construction features. .Thepitching- -
moment coefficientshave been presented about both the
aerodynamic centers and quarter-chord points for all
cases except those where the slope of the curve of’
pltchlng-moment coefficient about the quarter-chord point
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was practically zero. All the “aerod~amlc centers are ..
located on the chord line. h

T& first group consists of the YR-4A no. 3 and the
YR-4A no. 6 blade sections. The results for the YR-4A
no. 3 blade section are given in figures l!+to 16.
Upon inspecting the model at the completion of the test
at a Reynolds number of 1,84 x 106; It was found that
the fabric covering over the hollow rear portion of the
airfoil had become flabby. The tests at a Reynolds number

6
Or 2.58 x 10 were conducted with the fabric In thts
condltiQn. The fabric flabbiness magnlfled the ef’fects
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. Tne results for the YR-4.A
no. 6 blade section are contained in figures 17,to 20.
The fabric tension decreased sllghtly during the tests.

The second group consisted of the YR-!+Ano. ~,
YR-4.Ano. 10, and YR-4.Ano. 10 (Smooth Forward Portion)
aectlons. The YR-4.Ano. 4 blade section was used to
detezmdne the effect of a leading-edge abrasion strip
on the characteristics of the models in the first group.
The results are given tn figure 21. The YR-4A 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
ftgures 22 to 24. The YR-4A no. 10 (@ooth Forward
PortIon) was used to determine the effect of smoothing
and fairlng the forwati third of the airfoil section on
the aerodynamic characteristics of models similar to the
YR-4A no. 10 blade section. The results are contained
in figures 25 and.26.

The third group canslsted 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 xR-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 c:langingthe airfoil section
from the NACA 0012 to the NACA OO1O-64 and Indicates the
results to be expected from blade sections having the
combination plywood and fabric”construction used for the
XR-5 models. The results for the XJ+5(a) blade specimen
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are Iven in figures 29 and “30. The results for the
fXR-5 b) blade speatien - oontalned In figures 31 to 33.

.-
The fi~th’’groupoonkla-fid’ofthe two blade tip

seotlona. Neither lift nor pltmhing moments were
measured during tests of the two tlp seotlons. Seotion”
drag coefficients over the outer portion of the span
are presented in table IV for the Yl@.A no. 1 tip section
and in table V for khe xh-6 no. 2 tip seotion. Data of
table IV at one test mndltlon and four angles of attaok
were plotted In figure 34 to show the variation of seotion
drag ooefflaient along the span of.the Y@A no. 1 tip
seotion. Similar data for the XR-6 no. 2 tip seotlon
from table V are presented in figure 35. h ftgure 36
data are presented in the form of mrvea of Ap/q versusa
for the various vent-hole positions, where .

Ap ‘““model Internal static pressure minus free-stream
statio pressure

q free-stream dynamlo pressure

DISOUSSION

Aerodynamic Characteristics of Fabrio-Covered Models

as Affected by Ihternal Pressure

.

The blade sections were tested at Internal prwssures
greater and less than that of the free-stream static
pressure beoause the Internal statlo pressures of rotor
blades In flight differ from atmospheric pressure.
The oolumn of air contained In the ro~atl.ngblade is
acted upon by centrifugal forces and for the XR-5,
XR-6, and YR-&@ helicopters it is possible for the
static ressure In the tip portion of the blade to be

8about 2 0 pounds per square foot greater than atmospherlo
pressure at sea level. This is based on the assump-
tion .ofan internal pressure at the blade root equal
to the atmospheric statio pressuPe and an airtight
blade, By sealing the blade at the root and leaving
“thetip pdrtion open to the atmosphere it would be.

- possible to get an Internal static pr:9s.ure in
the blade at the root less than atmospherlo pres-
sure by about 280 pounds per square foot.

. ——-— . - —.
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are prop~l y not:eqcown$eredm~in prao.tlqebecauapLljhe;
blades are wnted to the ahosphere and may have leaks’
or partltionq along the.japan~~ A.’pressuredlff’ereneeof’
20 Inohes of water, cmrreaponding to a”presqure o?”.
I104 pounds per square foot, was chosen as being qtifi-““
clently large to show clearly the effects”of’internal
pressure on the.aerodynamic oharacterlstics and yet not
be large enough to cause structural fallure of the,blades
during the tests. .. .’

-The ~-~ no. 3 test section was chosen to Illustrate
the effects of Internal pressure on the.aerodynamic
characteristics of a typical fabric-covered model.

. . .
.)

““ Section .maximumlift coefficient.- The.ekfect”of
varlatlons of Internal messure on the section maxlnnm
-lift coefficients of fa~ric-covered .modelswith nowal
rib spacing is illustrated by the data for the YR-@i
no. 3 section, at a ?eynolds nmber of 1.84 X 106, glwn
in the following table and in f@ure 15(b):

,
.. .

Jhternal pressure
(in. H20)

Section madmum
lift coefficient

1“ .

,,2:
-20

1.15
1.25
1.32

,.,
;“” Increasing the Internal pressure caused the section

mtilmranllft coefficients to decrease. Decreasing the
..:Internalpressure caused the opposite effect.” The effect

of.internal pressure increased as the test dynamic pres-
sure Increased (figs. u(b) and 15(b)). “ ~ .,,

‘The effects of Internal pressure on other models,
whldh had approximately the same rib spacing (YR-4A no. 4,

.. YR-4A no. 6), were about the s-o
..

‘section lift-curve”slope.- The effect of variations
of ‘the”internal pressure on the slope of the lift curve
Is illustrated in the following table and in figures U(b),
15(b), and 16(b) for the YR-4A no. 3 test section.

. .
.- 1.

—. —, , —.. . . . —. - ,--.,.- — ..-. . ..—.—. . . .



—..

11

Znternal‘“’. .st~lirtpeeo .on~ -Ourve Slo
pressure .-..
(In.H@)- :; 0.91 x 1Q6-:”

~ .=.l&x 106 ~+ 2.58 .X 106
26.0 lb/sqft q = 102 lb/aq ft q= 210 .lb/sqft

20. . 0.104 0.095 0.102
) ..1 -.’ “-

-2: ?
,.112 “ ;112

.10 .112 .119

.lhcreasingthe internal.pressure reduced the slope
of the lift curve from that obtained at zero lhternal-

.-pre.s”suredifference.and decreasing the internal pressure
caused jthe”slope of the llft curve to Increase.

The values In the table alsoindicate that the
.,.. “.effect of internal pressure became larger with increasing

airspeed. Zncreaslng the airspeed caused the dynamic
~ressure to increase and therefore caused tlhepressure
differences acting across the fabrio surfaces to increase.
“The Increased pressure differences caused increasing
. changes in model contour.

,.%.
.Sectlondrag coefficient.- The ef’feeton the section

drag coerfIclent of varylng the Internal pressure is
illustrated by the data for the YR-4A no. 3 test section.
The data for a moderate lift coefficient, 0.4, snd a
Reyholds number of 1.

?
X 106 aregiven in the following

table and in figure 15 a):

I Mternal measure I Section dra~ i
I (In. H~O) I coefflcient- 1

! 20

I

. 0.011
.009ii

-2: . . .0107

The table Is representative of the general con-
clusions drawn from the data-in the.ftgures. These are
that zero Internal-pressure difference produced the
lowest section drag coefficients and that the suction
condition produced slightly hi@er section drag. Positive
Internal pressures produced,the largest drag coefficients.

Section aerodp ic center.- & effect of variations
of th~lntermal pressure on the position of the aero-
dynamic center is.lllustra.tedby the data givenln the
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followlng table and in.figure 15(d) for he YR-@ no, 3
model at a Reynolds number of t1.84 X1O.

rnternal pressure
(in. H20) I

Position of the
aerodynamic centsr

20 I 0.212
.2)+1

-2: .258

Changing the model internal pressure thus had a
large e:fect on the position of the aerodynamic center.
Positive internal pressured caused the aerodynamic centers
to move forward fairly large disuances from the positions
for no internal-pressure difference. m moat 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 ir.tennalpressure was varied. A thick
blunt 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 (uiipublisheddata f’roniLMAL).

Effect on the Aerodynamic Characteristics

of ~creasing the Airspeed

Sectfon maximum lift coefficient.- The effect on
the section maximum lift coefficient of increasing the
airspeed is illustrated by the data for the YR-&l no. 3
section contained in the following table and in flg-—
ures 14(b) and 15(b)~

I ISection maximum lift coefficient

R hternal pressure
(in. HpO)

6
2(J

O.lxlo 1 20
10& 1:15

.-

As the airspeed increased the section maximm lift
coefficient obtained at the condition of positive internal
pressure decreased. At both zero internal-p’ressure

I
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. . . Mfferenoe,and suction -we .seqtfon”rnsxlmum
clent increased with increasinfiairspeed.
were fairly small. “

1.5

lift coeffi-
Th9 cli-*geEl

The change in maxtium section lift coefficient with
airspeed depended on the relatlve eff’ectsof the change
in Reynolds number, Mach number, and alrfoll contour.
rncreqsing the Reynolds number in the range covered hy
the preseat tests would be expected to Increase”the
maxlmmn section lift coefficient but increasing the Mach
number would decrease the maximum section lift coeffi-
cient. An example of the effect of Maah number on the
maximum section lift coefficient is given by the data
in figures 25(b) and 26(b). The section maxiihumlift
coefficient decreased from 1.25 to l.@ as the Mach
number increased-from 0.262 to 0.375.

Ih reference 4are given data indicating that the
effect of Uaclhnumber on the maximum lift coefficient of
the NACA 0012 airfoil becomes important at Mach nmbers
greater than 0.17. The effect of increasing the dynamic
pressure would be to increase the maximum section lift
coefficient if the effect of increasing camber at the
rear of *A9 airfoil, caused by the fabric deflections,
were greater then the effect of thickening the airfoil
at the rear. For the condition of auction the effect
of increasing camber was probably greater than that of
airfoil thickening. At the condition of positive
Snternal pressure the airfoil probably bulged out SO
much that the effect of increasing camber was over-
shadowed by the change in airfoil thiclmess distribution.

Section lift-curve slo .- As an illustration of
the varlatlon of section -curve slope with airspeed
the values for the Y@A no. 3 model for the suction
condition are given below:
!- +

R M Slope of section lift curve

0. 1 x 10$ 0.131

%

1
0.106

.262 .112
::5 .375 ?119 .

The section lift-curve slopes increased with air-
speed. Because the slope of the lift curve for rigid

●
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alrfolla, in the test range of Reynolds numbers (refer-
ence 5), is practically Independent of’Reynolds number,
the change in slope of the lift curve was caused either
by Mach number, dynamic pressure, or d combination of
both.

The section lift-curve slope maybe expected to
Increase wi;h Mach number in the manner given by Glauert?s
factor l/-Jl- ~Z (reference 6)0 For all models tested
with internal pressure, except the two xII-5models, the
increase of the slope of the llft curve with Mach number,
at internal pressures equal to and less thanthe free-
stream static Dressure by 20 inches O: water, was grgater
than would be expected from Glauart~s factor. For
positlm internal pressures the inc e se was greater
than that given by the f’actor ,\,,h%%lZ for the YH-~
no. 6 model but less than expected for the w-)+ no. 3 and
Y@A no. 10 models. The increase of’lift-curve slope
with Mach number for the XR-6 no. 5 plywood-covered
model was about equal to the increase expected frum
Glauertys factor. The XR-6 no. T model showed an
unexplained Increase i.nlift-curve slope with Xach
number that was about 10 percent greater than expected
from (31auertlsfactor.

A contributing factor to the excgssive lift-curve
slopes for the fabric-covered models ma;}’have been a .
camber increasing fabric deflection at the rear of the
airfoils that incraased with incrsase in dynamic pressure
and an~le of attack. The effect of the camber increasing
fabric deflections cn the llft was probably greatest at
the condition of suction and least at the positive
internal-pressure condition because of the bd~ing of
the airfoil thickness distribution in the trailing-edge
region as the internal pressure increased.

Section drag coefficient.- The variation of section
drag coefficient with airspeed is ~iven in the following
table and in figures 14(a),”15(a), and 16(a) for the
YR-@ no. 3 test section:
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There were no imnortant differences between the
. .

varlatlon of section drag coefficient obtained for this
model and the other fabric-covered models. m general,
the fabyle-covered models at small values of cl did
not show the usual decrease of section drag coefficient
with Reynolds nuhber as the airspeed Increased. The
cauqe”Is believed to be th6 disto.rtlonof the airfoil
shape with incr6ase In airspeed and the fact that the .
model surfaces were not aerodynamically smooth. At the
higher section ~lft coefficients.the section drag
deoreased sllghtly between the lowest and highest air-
speeds.

The seotion drag coefficients for the XR-6no. 5
and ~-6 no. 7 plywood-covered models (figs. 27(a)’
and 28.(a))at zero lift rose by about 0.0008 as the
airspeed increased. At the.larger lift coefficients
the section drag coefficients decreased by about 0.0020
as the airspeed inoreased.

Section aerodfiamic center.= !l%e-~o~ment of the
aerodynamic center of no.-3 section as the
airspeed was varied is g: ‘In figures u(d),.15(d),
and 16(d) and in the following.table:

iii
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“Aerodynamic center position, x/o

Iqternal pressure
(In. H20)
..

..20 () -20

O:% 0“-245 0.25
.21+l

z
i

.206 .227 :: 2

me ~riatiOn in p08itiOn Qf the aerodynamic center
for the different Internal pressures increased with
increasing airspeed. The same effect was present on
the other fabric-covered models. The cause was the
increasing ohange caused in the model oontour by the
Internal pressure as the dynamic pressure Increased.

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

R Aerodynamic center position, x/c

y95 x 106 o~247

z
.-

2: 8 ,237
.

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 plywood surfaces the dynamic pressure probably
did not cause a sufficiently large change in model
contour to affect the aerodynamic characteristics.
Reference 7 indicates that a forward movement of the
aerodynamic center with increasing Maoh number is to
be expected. 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

Aerodynamic Characteristics

The effect of a leading-edge abrasion strip on the
aerodynamic characteristics of a typical fabric-covered

o
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model mm be obtained from a mmparis”6n of tha data’for .
the YR+A no. :3 and YR+l no. 4 teat seotlOns at a.. : 0..
Reynolds-nuniber.d’ 1.87,F.&&. These.aectlo~a ueye “
praotioally ident$cql except for the painted leading-.
edge abraglon strip on tie IYR-4Ano. 3:test seotlon:k%id -“- . . “.
a w~ible dlff’qq?n?? in f@r@ WwMm. .........1-----........-...-}

Seotlon .maxlnnnh11.ft ooeffi~fent.- ‘&” “leadlng7edg6 ~
eot pn.the.section - - -m;

-hum lift coiffi%e and 21(b)). 1
.Z. . . . . . . . ,

Section llft-ourve slope.- Fro& i~pariion of fig-
urea arent that the leading-

.

edge abraslotistrip..’causeano Impbrtant,ohange in..slppe
over the straight portion of the llf.tourve.

Seotlon drag coefficient.- Z!he@dition of a . . .
leadlng-edge“abrasionstr

‘t
reduoed the section drag .

coefficient by about 0.000 In the range of moderate
seotion”lift coefficients at zero’internal-pressurO
difference. At positive internal-preqs~s t@e-.ef$@~t.-..
of the leading-edge alfrasl%n””ktifi~p‘~asmasked by the
effects of fabric defleotton so that;”themodel with
the leading-edge abrasion strip,-the YR-@ no. 3, had
higher aectdon drag than the model Witho-.tthe leading- “
edge strip. me effect of the leading-e~igeabrasion
strip on section drag coefficient depends on the
relativa smoothnea~ of the leading-edge abrasion strip.
For the region or the span over whtch drqgs were taken
the lea~hg-edge abrasion.stri~ was fairly smooth; at
other points blobs of paint were present. “ ,.

Seotion’aorodyn “amic oenter.- The difference between
the seotlon aerodynamic winters for-the two test sections
(figs. 15(d) am Zl(d)) 1s not beliqvad to have been.
oaused hy.the .differenoein s~faoe.oonditlons “atthe
leadlng ’edge. The”dlfferenoq mayhawe been oaused by a
dlfferenoe In fabric tension.

‘m””’
. .

. . . . . . .. .

.11 . .“.:

Effeet on,the Aerodyn~c Ch@?aOt@”riiti”csof.F8bri&

.

;

.
. .

. .

.“
..

. .

Coverdd “tio+leef .li&l* lthe”IilaSpaoing -“ ‘ .-.. .. .. ..
The effect on the~ti&od-c @m&ote;istlcs of a “ ....

febrlo-oovered model ofhalv@g the.nab.spacing is . ...

i -- . —
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illustrated by the ~ata for thq Y@A. no. ~0 and Y@A
no. 3 test s~c.lmens..“The major ~dlf#e,reyoebetween.the.. .“
two models waa-t+e”~ifferentie,lri”rlb SpWing- (table I). ..

. .. . .. .

Internal.pressure YR+A m-b .
(In.’H20) -.“.90,~.. -:..=:.:.~ow.l~.

. . . R= 0.91 x 106

“ 20 1.20;’.”“ , .1:~7” ..
1.17 ,

:2:
.“

1.23 .::;3

1.~xlo6 . . . .,R,= . .“

20 1.i5 ‘ . 1;25
1.25 ~1.25

-2: 1.32 1.25
J

.
. .

. .

. .

These results Indioate that at the”smallest test

. .

Renolds number the section maxlmm lift ”coefficlents
fo~ both test specimens were about the same (figs. ~(b)

i!
and 22(b) . .At the Intermediate Reynolds number .
l.~ x 10 the section maximum lift ooefflcfent of the
YR-).uIno~ 10 section was lndewndent of internal messure

. .

. .

and”equal to 1.25 (fig. 23(b)3. The sectton maxlrnum “-””‘
lift coefficient of the YR-~ no. 3 blade sect”ionvaried -
from 1.15 with the blade at a “posltlveInternal pressure
to 1.32 with the blade interior under suction (fig. 15(b)).
Although the greatest maximum saq$idn lift coefficient
for the YR=h no. 10 seotion was less than the greatest
for the YF@A.no. 3 section, the halvlngof the.rlb . ‘
spacing eliminated the variation of maximum section lift
coefficient with internal presm.zre, .

Seotlon ltft-curve slope.- F’o~the conditions of
posit~ve and zero Internal-pressure difference the slope .,
of the lift curve of the Y@_A”no. lo section divided
by the slope of the lift curve of the YR-@ no. 3
section varied”fmm.1.02 at.%til.l’owt$at‘to“1.08at the
highest Maoh number. At negative Internal pressures
the difference between.the slope of’the lift curves . .
was less than .about2 percent for all the test conditions. ; .:
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. SeQt*on drag coefflclent:” The “followingtable of’
8ection drag coefficlents at

*
= 0.4- illustrates the “

di~ference In section drag coe~ Ictents obtained for the
YR-@ no. 3 and YR-)@ no. 10 models:
t

Internal pressure
(In. H20) =:9 m

R= 0.91 x lob

“20 0.0125
k

0.009
● 0101

“2:
.009 “

● 0115 .0101

R = le~ x 106
L

20 c1.011
3

0.0101
● 009 .0100

-2: ,Oi05 .0103

I R= 2,58 x 106 I

20 0.0122 0.0102

-2: k
.010 m 0099

1 “010 ~

These results indicate that halving the rib
spacing reduced the varlatlon of’section drag coeffi-
cient with internal pressure to an almost negligible
mount , Although not apparent f%om the values In the
table which are for Cz = 0.4, the YR-)@ no. 10 specimen
at all Internal pressures at the lower llft coefficients
had about the same section drags as the YR-u no. 3 had
at the condition of zero ln”ternal-pressuredifference
(figs. 15(a) and 23(a)). When the internal pressure of
th Y.R-@ 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 s
obtained at the condition of zero Internal-pressure
difference. The IR-4A no. 10 model at all internal
pressures, therefore, had smaller section drag coeffi-
cients than those obtained for the YR-@ no. 5 model at
Internal pressures greater or less than the free-stream
static pressure by 20 Inches of water.

Section pitching-moment coefficZent.- Halving the
rib spac~ng reduced but not elimlnate the movement of
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the aerodynamlo center WIth change in dynamic pressure.
The movement of the aerodynamic oetiterduring.t@ tests
was reduced from
of the OhGrd for
movement between
the YR-~ no. 10

a movement between 26.2”and‘20.6 percent
the ~-~ no. 3 (fig. 16(d)).to a
25.0 and 22.6 peroent of the chord for
(fig. ~(d)). “

Comparison bstween the Aerodynaml& Characteristics

of a Fabric-Covered Model Having”Half the Normal

Rib Spaoing and a Model Having Rtgld Surfaces

To investigate the effect on the aerodynamic charac-
teristics of changing 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-~ no. 10 fabric-covered section are compared with
those for the XR-6 no. 5 nlywood-covered model.

Secticn maximum lift coefficient.- A table giving
the s=ion maxlmmn coefficlenti for the two test
sections is given below: “

H “-”:;10lxx”’ ‘
At both the smallest and intermediate Reyno~.ds

nmbers the fab”ric-covaredYR-~ no. 10 section had
slightly higher section maximum lift coe.fficter:ksthan
the lywood covered XR-6 no. 5 section (figs. 22(b),
23(b!, and 27(b)). The difference in section muimum
lift coefficients, although small,.was consistent and
may have been caused by a slight diff~rence in leading-.
edge radius between the two test sections.

Section lift-curve slope.- The section lift-curve
slope was slightl for the Yi{-!@no. 10 model
than for the XR-6yn%e~ ~~del 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 nunber increased from the lowest to the highest.
For a positive internal-pressure of 20 inches of water

I



the YR-@ no. 10 model had
less than $hat of the XR-6
7_peroent at A Maoh nmber
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a slope of the llft o*.va
no. 5 section by about
.of0.262; at a Maoh number “

of o.-376the slopes were about the Same.

Section drag coefficient.- m the range of.moderate “
lift Ooefflclenta at the lowest Reynolds number the .
plywood-aovered blade had about the sqme section drag
o~ffl~~~te as the lowest for YR-~..no. 10”(figs. 22(a) I

At ths intetidlate Reynolds number ’the
aeotion.dr;g coefficients for the XR-6 no. 5 section
were lower than those f’orthe Y@A no. 10 section by
approximately 0,004 through we range of zdoderatelift ~
coefficients (figs. 23(a) and 27(a)). At the highest
Reynolds nmiber the difference was about the same,
aprmoxhately 0.0013 (figs. *(a) and 27(a)). -The
XR-6 no. 5 plywood-oovered blade thus had lower drags
than the fabric-covered YR-4A no. 10 blade”specimen.
The difference In section drag coeffioie~ltwas believed
to be oaused by a dlfferenae in the aurfaoe conditlona
between the two models.

Section aerodynamic center.- me xR-6 no. 5 plywood-
covered seotlon had a rl@d surface and so its aero- .
dynsmlo charaoterlstics w=re obtal~d without any
adjustment to its internal pressure. The maximum
variation in the position of the aerodynamlo center
from the lowest to the highest Reynolds numbers was
1 peroent from 24.7 peroent of the ohord to 23.7 peroent
of the chord (fig. 27(d)). The extreme mo~.~nt of the
aerodynamlo center during the tests of the YR-4.Ano. 10
model was 2.~ percent of the ohord from 25.0 to 22.6 per-
oent of the ohord (fig. 24(d)).

Effeot on”the Aerodynamic Charaoteri.atlcsof Snoothing. .

the Forward PortI.& of the Airfoil
. .

Seotlon maximcm.llft ooefflolent.- Comparison of
no. 10 (Smooth

Forward Portion) Indloates no importfit effect 6n
maximum section lift coefficient. “

9eotion lift-curve alope.- Smoothing and falrlng
the f’orward portIon of the alrfoll made no.change in
the slope of the llft ourve.
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Section drag cQefflcient.- At”lift ooeffioients.
less than about o ‘(the alrfotl with the smooth forwar&
portion had less & than the airfoil having the”usual
flrllsh. The difference in seotlon drag was about.
0.0013 over part of the range of moderate lift coeffic-
ients at all Rdynolds”numbers forwbloh comparable.,..
data are available.. . “ . . “

..
..:” ..

section aerodyn&c center position.- The differ-
ences in the seotlon aerodynamic center nositlons were

.

small and were probably caused by slight:changes in
fabrlo tension rather than by changes In the surface of
the forward portion of the model. ,..

Aerodynamic Results Obtained for” the ‘

. Two XR-5 Test Specimens..

‘l%edata i“nflgurd 29(b) for tie XR-5(”a)test
section indicates a shift in the lift curve “between
the conditions of suc”tionand zero Internal-pressure
dlfferenoe and the condition of~oqitl~ Iq’ternalpres-
sure. In additions although ‘theairfoil section was” “
smnmetrloals the lift at zero =@e of attack was negative.
The ahlft in the lift cwvs maybe explatned:by a change. “
in model contour during the tests. lluringthe test at a

Reynolds nmber of 2.40 x io6, It was noticed that the
fabric on the upper surface had pulled away fr~m:the
plywood which it covered and ballooned out,.thereby
changing“themodel contour. The fabric probably began
to pull away from th

z
wood during.the test at a Reynolds

nunber of 1.19 x 10 and a pressure difference of
20 Inohes of water. This probably explalns the upward
Shift of the lift curve at a = OO.”foh the ositive
internal-pressure condltlon a? R = 1.19 x 10g because
bulging fabric over the upper surfao.e”wo’lldbe equivalent
to an increase in airfoil camber. Bec&use of the change
In model contour oaused by the bulging fabrio,’tests on
the model were discontinued. The explanation “for”the . .-
apparent existence of negative llft at zero angle of “
attaok 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 attaok over
most of the span. .
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The XR-5(b) model was not tested at Internal
“pressuregreater than the free-stream static pressure
because it was found before beginning the tests that
applioatlon of a small positive internal pressure
oaused the fabric to begin to tear away from the plywood
whtoh it covered and balloon.out. The section drag
coeffloients in figure 33(a),for Internal pressures
less than and equal to that of the free-stream static
pressure, have been plotted against the lift coeffi-
cients obtained at an Internal pressure equal to that
of the free stream. The data at the highest Rgynolds
nunber are incomplete beoause the fabric had loosened
fram the plywood enough to balloon out over the forward
portion of the upper surface as ~ounted in the tunnel.
Because of tie ohange in model contour the tests were
dlsoontinued. ~ternal suctlon~ o~r the forward
portion of the upner surface at moderate and high lift
coeffiolents during 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 maximum lift coefficients obtained with the XR-5 sec-
tions is that the sectflonswere about 10 percent thick
whereas the others were about 1.2percent tkick.

This portion of tt.ediscussion 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.

Haxlmum section lift coefficient.- The maximum
section Lift c00f.t’icient was lo~e=an obtained in
tests of the models using the NACA 0012 contour. The
value of the msximum section lift coefficient varied
~rom 0.87 at a Reynolds number of 1.20 x 10~ to at
least 1.05 at a Reynolds number of 3,16 x 10~;
Although part of the increase in m=i.mum section lift
may have been caused by the fabric leavi~g tha upper
surface of the forward portion of the alrf’oil,it
appears probable thattiis effect was s~il. ~
Increase in the effective camber woulu normally show
Itself In an upward shift of the llft curve if the
camber increase were independent of angle of’attack
or in an abnomally large slope of the lift curve if
the camber Increased with angle of’attack. The upward “
shift of the section llft curve was only 0.0!+and the
section lift curve dld not hava an abnormally large
slope. Thus, the effect of a change in the airfoil
contour was probably small and most of the effect
appears to have been caused by Reynolds number.
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Section lift-curve slope - The slope of the lift
curve was slightIy less than ~hat of the other models
and showed no–abnormal Increase with Mach number.

Section drag coefficient.- The section drag coef-
ftclent was low at zero lift at the lowest ~eynolds
number but increased at higher lift coefficients and
Reynolds mambers until it was no lower than the section
drag coefficients obtained for tha YR-.!plno. 10 model.
The low values of the msximum lift coefficient caused
the sectian drag to Increase to large values at lcwer .
values of the section lift coefficient than for the
other models.

Section aerodynamlc center position.- The a9ro-
dmmmlo center was at the qu~rtor-cii~~oint for 611
t%e tests at Internal nresiures 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 strem, no data on ths
effeot of nositive internal pressure!!on the position
of the aerodynamic center are available.

Comparison of Aerodynamic Data for the Test Specimens

with that Obtained for a Smooth and Fair

NACA 0012 Airfoil Section

For purposes of comparison, data Yor a smooth and
fair NACA 0012 alrfoll ham been included In Sigure 37.
Pitchtng moments were not obtained during the test of
the smooth and fair airfoil.

Maximum section lift coefficient.- The Mach numbers
for most of ~he present tests at de~alds numbers close

. to 1.8 million are approximately 0.2;0. In spits of
the unfavorable effect of Mach number on maximum lift
coefficient at Mach numbers larger than .aboutO.1~0
(reference~~)the test specimens had maximum lift coef-
ficients which were fairly close to that obtained for
the smooth and fair section at a ~eynolds nwbar of
1.79 million and a Mach number of 0.130.

Section lift-curve slope.- The slope of’ths lift
curves for all he models at zero internal-pressure .
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,:,

dl.fferenoe.and a”Mach nwber of 0.130 we-e just about
the same as that,for the smooth and fair airfoil.

-. Seothn dma ooeffloient.- The seotion drag
smooth NACA’0012 airfoil .

[

were smaller than those obtained for any of the NACA’
0012 test apeoimens, inoluding those oovered with
plywood. The difference In seotion drag “betweenthe .
plywood oovered and the smooth and fair seotibn Varted

J. between approximately 0.0005 and 0.0025; the largest
differences occ’imredIn the range of mQderate lift
coefficients. In figure 37 the .drg curti for the
XR-6 no, 5 model at R = 1.78 x 1d has been inclti”ed!
for.aamptilaon. .

YR~ no. 1 and ~-6.no. 2 Blade Tip Se~tions .

The angle of attaok given In the data for the two
tip seottona Is the geometrlo angle of attaok at the
root “ofthe m~del. Because .ofthe finite span, trailing
vortices were present at all angles.at which any portion
of the models had lift. These vortices produced vertical
velooltles at the modelq that oaused the aerodynamic
angle of attaok to vary along the “span.

For some high drag conditions at the higher tunnel
d-lo pressures the deflections In the manometer used
to”measura drag exceeded the range of t~~ instrument.
Therefore, the drag coefficients at these points oould
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”
attaok, does not oh.angemuoh from the lower to the
higher test Reynolds.numbers, the Profile-drag coeffi-
cients at the missing points may be estimated from the
WIWS at the lowest Reynolds number.

The large spanwise variation of section drag
coefflolent of the Yl@A no. 1 tlp section (fig. 34)
was probably catmed in part by the type of model surfaoe,
ribs and fabric, and”pgrtly by the varlat.ionof lift
coefficient along the span, The lift coeffloient varied
oyer the.sp~ of the model bqoauae of we geometrio tilst
of about 20 (table “I)and beoautieof th WU1 variatton
of angle of attack along the span of a fhlte span model.
As the angle of attack increased the spanwlse variation

—. -.— - ——— ——--
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of section drag ooeffl+e.nt“also Inoreased. With
Increasing ‘&hgle.ofmattack the boundary.latitioyer the” “
upper surface became thiok and therefore waa-rnofieasily .
deflected in “.aspanwlae dire.~tlonb:y“q~ pqsssura ,.
gradients which.were prosent~‘“SUeh ~~nwlee pro#sure
gradlent~ oould be caused by .thava~iation of lift along-”.
the span and tiylocal ~“~es .~.~airfol+.conto~ such .“.
as protruding .rlbsand bumps. ...-

‘@ sp~w.~ae Variation.of”skct$on.drkg‘c.oifflclenti
for the XR-6 no. 2 plywood-covered“ttpsection ‘(fig. 35).’
was less than for ths YR+A no. .1 tip section. :The
major reason was probably the comparatively gdod”sur,f~oe””
finish of’the XR-6 no. 2 tip section. . .. . .

The peak in profIle-drag coeffictent near the tip
of the models.ia probably caused b.ythe tip vortex
deflecting the boundary layer f%om a portion of th&
model into a small spanwlse r@@on. Regions.in which
the boqndary lalmr has been deflected.spanwlse usually
are dharactqrized by alternatln~ reglonsof high and
10V drag. The regions of high drag represent regions “
into which the boundary layerihas flowed from the regions
which appear as low drag regl~na. . . .

The pressure transmitted into the rnfidelinterior ‘-
by the various vent holes are shown In .t.:ure36. me
change in Ap/q with angle of attack decreased as the
vent hole was moved toward the traillng edge because the
change in pressure with angle of attack at a point on an
alrfoll decreases as the

/’
olnt moves toward the trailing

edge. The curves of Ap q versus a are almost strai t
lines up to an angle of a tack of 166 at R
and 18o at R =

t :~ ~gles of aZt%14a1. 10
P

1.46 x 10 ..
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 attaok. The curve8
for the tip vent undergo a s@den change in character
at the same

Y
gles as.the chozylvents, 16° 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 OO. The model twist of .
about 20 from root to the tip region accounts for most . .
of.the difference. %
,. .,

.,.
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,,. -.. . .The dqta obtained for the .rn@elstested 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 staticpressure. An internal pressure
greater than that of the f’ree.streamusually produced
an.increase in section drag coefficient, a decrease in
maximum section lift coeffici.ent~and a fQrward movement
of the aerodynamic center. An internal pressure less
than that of the free-stream static pressure usually
produced a slight increase In section drag coefficient,
a slight increase in maximum section lift 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.

4. Blades having plywood surfaces had maximum section
lift coefficients no higher than those of fabric-covered
models and drag coefficients about 0.0013 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 lift coefficients.

6. Comparison of the data obtained for the practiOa%
constzwctlon models, at Internal pressures equal to and
less than that-of the free-stream static measure, with .
those for a smooth and fair NACA 0012 airfoil section
Indicated no important differences In the maximum section
lift 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 lift coefficient
increased from zero to moderate values.

t
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7. The effect of.adding a Ieadtng-edge abrasion
strip was to reduce the section drag coefficient by
about 0.0008 In the range of moderate lift coefficients
for zero Internal-pressme dlfferentie.

8. Models which had approxltiatelythe NACA
OO1O-64 airfoil section had section maxima lift coef-
floients about 0.3 less than those obtained on airfoils
built to represent the NACA 0012 airf’ollsection.

9. Measurements of Internal pressures for vent
holes located on the lower suri’aceof’the fabric-covered
tip section, Inboard of the tip, indicated pressures
less than the free-stream statio pressure at all angles
of attack excspt the highest and a variation of pressure
with angle of attack that decreased as the vent was
moved toward the trailing edge. The internal static
.pressw~ss f’cra vent placed in the extreme tip of the
blade were less than that of the free stream thiioughout
tie 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 statio pressure.

10. Measurements of the spanwise variation of
section drag coefficient along the span of the two
tip sections lndi.cateda 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 Adtisory Committee for Aeronautics

Langley Field, Vs.,September 6, 194.4
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LISTOFTESTS

1

L - IAft,D - Drag,M - Pitohlng Moment
NATIONALAOWORY

mMMITTEEFORAE-

MOdal OhordWad to Portiaof l%mnOTC? hdol IntammlPressure Rxlo4 *
Caloulam WhlohDragWas~kon InohasofMtor.

~ado Chmaotarlatios

Rqnolds=r Loftof Roforrsdto froo-stroaa
prosauro,q. Mo~~urod

(m0h08) Contortin., ●tatloprwmro
lbs/sqrt.

Inotlw Inohos
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$
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E
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L,D,M”::1 I

0.!
o.1
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XR4 HO.2
I

10.0
n8 I

CmterportionOrtip I Rlgldmrfmoc
mtanml pro,swo ::% 6$0

ajwt,d. 0.375 209 G-lsooth
—..-.—

no%ad

XR-6Ro. 5 11.7 4 k Rl@d●wtuo.
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LDM
I

nmotmdj-utod. 2.68 IO.m si~ -$“s-
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XR-6lro.7 1%4 k 4 n
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notadjuatd. ~d

XR-5(a) 15.4 5 5 o,+%
;jl ;;;

o . h,

X2-5(b) 15.4 5 5 1.:::,-J: 2.;

y
26.0 L,D, N
102 L,D, M

4V V,a 1 “ 1~ L,D

&
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L,D, M

!
, $.! ~o.
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%
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md91 Repairs

YIZ-4AMO. 1 Ho repair8.
Tlp

Sootion

Y%@ Ho. 3 ?& repaire.

qQA HO. 4 Ho rep~lret.
\

YR&A ~0. 6 Cracksin fabricalongribsneartrailingedge.
!hbricsplitat trailingedge. Dopeapplled
to cracks. Stripof aircrafttapeapplied
to trailingedgeanddopedin plaoebetween
runsat R = 2.95 X 106 and R = 3.20 X 106.
(See photograph.) Fmbrlo tension deoreaeed
during teata.

YR-~ No. 10 Local cracka in fabric. Repaired by applying
dopei

YR-/+ANo. 10 Local cracks in fabric repaired with dope.

()

Smooth -brlc split on one urfaee on center M-no of
l%irward model. Piece of aircraft fabric doped over
Portlo Clplit.

XR-6 No. 2 No repairs.
Tlp

Seetion

XR-6 No. 5 No repairs.

XR-6No.7 ~d rib began to work loose from main portion
of span; reinforced. (See photograph.)

XR-5 (a)
1

Ko repairs.

XR-5 (b)
1

No repairs.

.

TABLB III
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II.



TABLE~ (m)

SPANWISEVARIATION0PDRA13COEFFICIENT?OR‘ETEYN-M NO.1
HELICOPTERBL4DE TIP SE3TION NATIONALAOVISORY

L,
(MMITTEEFORAERONAU~~

Dlatancoinboardfrombhd. tip,Smohos
a, Angle of attack, dogmas

Teat Oondltlons: R = 0.74X 106, M = 0.130,lntornal pressure, +20 lnohoa of wa~~y

-4° -2° 0° 2°
L

2 0.0089
.0073
.0109
.0090
.W*
.0111
.0161
.0156
.0096
.0150

0.0101
.0046
.014
f?.005

.0115

.0082

.0 7
7.002

.0101

.0109
1 1 i I

m’”lloobobw=l=
0.014
.0100
.0126
.Olzo
.044
.0159
.0109
.007

8.002
.0076

0.0128
.0419

:q
.021
.0102
.0156
.0127
.0170
.0179

I I 1 I I 1 I

‘NstConditions: R = 0.74x 106.M = 0.130.intorrmlmeamrt, O inehosof WStU

0.01
r.010

.0102

.00

.00a

.0101

.0110

.oo&5

.0096

.0109

0.0097
.ol~o
.011
0?:&7

i.007
.ooj9
.0092
.0100
.Olol+

0.0180
.0050
.0107
.oq7
.0112
.0090
m. ~
‘%

.0104

.0089

1

$!fko. 70

:01;
?.012

.0P8

.0).18

.015

.01

.01#

.0190

‘%0.0 8
.008
.000
J.0 9

.0117

.040
;: :
8

.0104

.0087

0.0090
.0050
.0072
.Oqy
.0110
.0159
.Oq$l

:%:;
.old+

‘%%
S&i&

.04 i

.0150

.Oqo

.0092

.010

.012b

Toct Conditions; R = 0.7~x 106, M = 0.130,into

-

0.012
Xlg?

.00d

.0087

.0157

.0090

.0100

.0104

.O1*

0.0210
.0380
.0052
.0107
.0155
.0071
.0105
.0105
.012
.0153

Ialprmmro. -20 .

I
0.0015
.oo~
.0100

:~?~

.olJj

.01

.0078
;;:$

.041

0.0119 0.0210,
.0210

4

.02
.1021 <1
.0220

:%$ ;%?
.0 6 .011
.0100 2.011
.0184 .0120

::% ::?$
I

lnohosof ntor

J-
0.0040
.0179

1?
.011
.0 0
.0101
.0110

jj~

.0087

.021

.018?

0.0269

:%{
A#z
.0151
XJ2J
A&l+
l?

A26h

‘-T

20°



– TABIEIY (b) NATIONJUAWISORY
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l%at Condltlon8x R = LIL6 x 106.M = 0.280.lntomal measure. +2o lnohe~of water.

10° T
-

4°
\

a

L
-4°

0.0042
.0239
.0201
.0064
.0102
.0086

%
.0 7
.0 7
.0154
.013
.01d

-2° 4°

0.0008
.0009
●0017
.0031

2
.0 9
.0 2

3
. 3;

3?:0 8

:35$
.0603
:07;g

.131

.1522

0.0012
.0019
.0031
JJ15~

~.003
a;3

SK&j

.046

.0=8

.0091

0.0010
.0020
..0032
.0099

3
.022
.021
.0090
.0102
.0106
.01

2●012
.0166
.011+8
.0110

0.0004
.004

%2$
.0082
●o129

%%J
.0112
.0111
.0096

0,0013
;:16;

.012

.0078

:%;7
.0097
.0115
.0099
.0135

Teet Condltlonm: R = 1.46x 106,M x 0.280,Internal proaauro, O lnehea of water

0.00
Q.0003 3.002
J& 7

4
.0136
.0093

.0060 .005

.0092 8.009

.01
3

.0072
●01

b
.015

.002 i.005

:%; :%%
.0110 .0152

0.Oilll‘8.022
.0309
9

0.0080
.0201+
.0701

.0;%

.0
w.0 9

JJOJ3

.017

.019!

.0192

0.0116
.0346
.1133

.OG

?
8.08

.068

.05

.07
E:~ol

.477

0.0016
.0125
.005
.0128
.00711

0.0035
.Ollz
.021
J.0 7

:;g$

.009

.0096

.0106

.011

.Olz2

0,0123
.0255

.01;8

.0119

.0169

.0070

.0111

.0099

1
.010
.011

.olig

.0092

.0101

.0095

.007
8.001

Test Condltlonma R x 1.46X 106, M = 0.280,internal pressure, -20 Inohea of water

0.0021
.0030
.0034

3
.003
.000

%
.0 0
.o~o

::*

.01

.0090

.009

.011k

.0339

.0237

0.0184
.0040
.002
.0
$.02

.qzq

:::3
.0265
.0085
.0085
.0085
.0233
●0171

0.0001
.0032
;:15

4.00

“?
.0 1
.00 0
●0130
.0104
.0105
.0110
.0103

“:(m;1
.0061
.0065

%#

0.0021
.0023
.0122
;CU2

;:(J5

.01
42.0 9

.0095

.012
“d.0 5

0.0021
;:;:;

::$.

.0 0
8..0 8

.011

.0092

.010

.01d

.010

.010z

.0113

Drag-off scale of drag lndicatOr
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TABLE ~ (c ) COMMITTEEFORAERONAUTIC,.

Teat Condltionm; R = Z.og X$06. N = 0.5T5*
internalproaaure,+20 inohceof water

-4°
L

0.0030
:CJJp

● 006?
.0110
,0108
.0083

:i%?
.0160
.0126

0°

d0.015
.0 2
.O1*
.0100
.ol~~
.0091
.0103
.0109
● 0129
.0122

Lo

0:$)!

b0103
.0069
;cll~

● 041
.0145
.0097
.0K5
.012
.009$

8a

0.001
.0013
;0&3~

3.000
.0092
.0105
.0122
.007

3.009
.009
.0161
.0082

To#t Conditionmz R = 2;0’9X 106. M = 0.375.
Internal preamre, O inches OS water “---

0.0022
.0133

.0:68

.0100

.0091

.0096

.010

.012?

.0130

.0159

0.0023

:::%

.0:31

.0090

8
.00 0
.00 8
.0110
;C);:Z

.0112

.0112

.0068
,0082
.009
.011k
.0164
.0091
.0100
● 0107
.0213

0.oo12
.0018
.0025
.0150
.0110
.0097
.0101
.0093
.012

z●OO 5
.002
J.0 0

● 0171

TestQonditionas R =2.09 x 106, M = 0.375,
internalpressure,-20 inehemof water

*

9.0002
.Od+
.017?
,0223
.0072
.010
.008z
.0114
,0121
.0115
● o13i
.0152

0.00
.01
.00
.01
.00
.01
.01
● 01
.01
.01
.01

)0
J+
L3

ti-

0.0010
.01 7
0?.0 4

● 0070
.0093
. 01C3

II
.01 9
.00
.01J
.0087
.ol~

Drag-off scale of drag indfcator

o ●Ooll+
●0021
.0026
.0119
● 017
.00 2

8.00 6
.018
.01

1)
z

●OO 2
;::90

● 0133
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TA21L2x

SPANWISE VARIATION OF DRAOCOERIC12NTP3RTK2ZR.6MO. 2
E2LICOP~ BLADE TX? ,1~?101

L. Distaneoinboardfra blsdotin.lnch,s. .
NATIONALAOVIMV

Zf=i=

Jw!!L
6° M“

0.0031
A&

:*

.0 00

.0102

.0100

.0126

.0126

.0K6

%%

os&J31A

@:1
z

:%%
.01d
.0111
.0122
.0125
.015
J-o 9

.0153

0

0%#
.Oq.?

z!
.009
.003
.0089

::X

Y:%7

o
.0122
.0195
.0150
.0079
.0071
.W9
.009a
.0100
.0105
.oli?9
.0139
.0100

0
.0188

%#

.0093

.w96

.0110

.0116

.0130

.01Z9

.013

.01J

litions ‘R= 1.

0.000=
.Ooc-!l
.0008
.0
.0
.0

$
.00
.0 5
AC15

.009i

.Olq

.0094

.Olcl

x 106, = 0.28

0.ooo~
.Wlz
.006

3.011

;;%~

.008

.009

.010z

.0108

.011

.01d

—
0.0016
.002
.002z

:%??

:%3;

.0$7
2

:%%3
.010
.011i
.0127
.013
.0152

).Oolz
.0009
.0016
.0051
.015

!
.022
.021
.0092
.007
.011?

i
.00 8
.00 5
.o127
.Olzo
.Olzo

o
.0021
.000
J.0 1

.0085

.0085

.0081

.009

.0101?

.0 0
9.006

.0085

R = 2.03x106,M= (3.5fi
I I

lhtConditions
1 1 1—

o.tiol
.0005
.009
d.0 1

:Lw
.0090
.0095
.0102
.0110
.Ollz
.0108
.0108 L

0.000s
.0011

:~~

.0101

.0093

.0103

.0112

.0103

.0090

.0098

0.0011
.Oox
.Olz
.008i
.00*
.0092
.0105
.0090
.0107
.0110
.010
.011a L

0.0020
.002

2.011

::3
.0107
.0102

j&

.0105

.0117

.Olzo

● Omg-off acmlmof drag lndlmtnr
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(a) Upper surface upon completion

Figure l.- Photograph of YR-4A No.

of tests.

1 tip section.
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(b) Lower surface upon completion of tests..

Figure 1.- Concluded.
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Lower surface upon completion of tests.

Figure 2.- Photograph of YR-4A No. 3 helicopter test specimen.
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Upper surface upon completion of tests.

Figure 3.- Photograph of YR-4A No. 4 helicopter test specimen.
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(a) Upper surfaceuponcompletionoftests.

Figure4.- PhotographofYR-4A No.6helicoptertest’specimen,



(b) Lower surface upon completion of tests.

Figure 4.- Concluded.
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Upper surface upon

Figure 5.- Photograph of YR-4A

completion of tests.

No. 10 helicopter test specimen.



(a) Upper surface upon completion of tests.

Figure 6.- PhotographofYR-4A No. 10 (smoothforwardportion)
helicoptertestspecimen.
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(b) Lower surface upon completion of tests.

Figure 6.- Concluded.
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Lower surface upon completion of tests.

Figure 7.- Photograph of XR-6 No. 2 tip section.
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Lower surface upon completion of tests.

Figure 8.- Photograph of XR-6 No. 5 helicopter test specimen.
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Lower surface upon completion of tests.

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

(a) Upper surface upon completion

lo. - Photograph of XR-5(a) helicopter

.. ......— .. ___
m--—e .-

of tests.

test specimen.

.
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(b) Lower surfaceuponcompletionoftests.

F@ure 10.- Concluded.
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(a) Upper surface upon completion of tests.

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

Figure11.- Concluded.
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Quarter-chord line

.

+*:/

&“D Vent drilled parallel to
quarter-ohord line and
looated in chord plan.

i
NATIONALADVISORY

i cOMMllTEEFORAERONAUTICS
.

h

I

I

I

t
I——— —.

“1
1’
I

I
“1

I
(
I

“1

I

Ai.-
1

l-- Quarter-chord line

Figure/2L,- Looatlon of tlp
vent on Wi-4A No. 1 blade
tlp aeotton.
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NATlOM ADVISORY

-Distsncefivxnblade tip, inches
COMMITTEEFORAERONAUTICS

Variation of chord along span of YR-4A No. 1 and XR-6 No. 2
section.
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.CSE *bol InternalPressure,
Inahe8 of Water

0
: +2o k
x -20

.02e‘

.C24

.CEo

.016~

.012

.Om

.004.

Ml ONU~m~

0, .
-. 8 -. 4 0 .4 .8 1.2

Seetion lift coefficient,.Cz

{a) Drag tioefflcientverma lift coefficient;

~gure M .- Aerodynemic data fop the”Y’R-kANo. 3 Helhopter
test section. “R= .91 Xlo$ N= .131.
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.0‘ Symbol Internal Pressure,
Inches of Water

o 0
+ +20
x“ -20

6
# *

,.,

,.2

.8

.4‘

o

d
-.4 1

NATlONA. ADVISC?Y
(7W ~ ~ -c

-. 6

.* E
-8 0 8 16 24

Section angl’eof attack, a. , dog

(b) Lift coefficient versus angle of attack.

Cont@ued.



71Tllll ‘“’”1 Internal Pressure,
Inches of Water I I

o
+20
-20 l--i

+
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NATIONL ADW ORY

-1.2 -.8 -.4 0 .4 .8 1.2

Section lift coefficient, CL

(c) Pitching-moment.
coefficient.

Hgure l+.- Continued.

coefficient about quarter-chord

1.6 2.0

point versus lift



-1.2 -.8 -.4 0 .4 .8 1.2 1.6 2.0

SectIon ltit ooefficlent, cl

(d) Pitching-moment
Coefficlept.

P’lgure14 .- Concluded.

coefficient about aerodynamic centers varsua lift



.032 symbol Eitornal ?rosaure, -. .
Inohea of -tar

x

{n) Drag coefficient versus lift eoefficlaI%

l?t~e /.F.- kerotlynemledata for the YR-ti Ho. 3 Helicopter

teat aectlon. ~SL~ x 10G, M = 0.262.



2.0 Symbol Internal Pressure,
Inches of Water

o 0
+ +20
x-. , -20
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w. 0
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J
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+
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w
h
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+
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Section angle of attack, ao, deg

(b) Lift coefficient versus angle of attack.

Figure/&.- Continued.



-1,2 -.8 -.4 0 .4 .8 1.2
SectIon llft coefficient,

(c) Pitching-moment coefficient
coefficient
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