MR No. L5I21

y NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
October 1945 as
Memorandum Report L5I21

TWO-DIMENSIONAL WIND-TUNNEL INVESTIGATION OF SIX
ATRFOIL SECTIONS FOR THE WING OF THE VEGA XP2V-1
ATRPLANE

By Felicien F. Fullmer, Jr.

Langley Memorial Aeronautical Laboratory

" FILE COPY

To be returned 10
the files of the Ngtional
Advisery Gmmjttee
for Aeronautics

Washington, D« C.

NACA

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L - 681

W




MR No. L5I21

NATIONAL ADVISORY COMMITTZEE FOR AERONAUTICS

MEMORANDUM  REPORT

Horrhe
Bureau of Aeronautics, Navy Department
TWO- DIJTLQTON;I' /TND-TUNNEL INVESTICATION OF SIX
ATRFOIL SECTIONS FOR THE WING OF THE: VEGA XP2V-l

ATRPLANE
By Felicien F. Fullmer, Jr,

An investigation was conducted in the Langley two-
dimensional low-turbulence presgssure tunnel of six airfoil
sections for the wing-of .the Vega XP2V-l1l airplane. Two
of these sections, the NACA 652— 15 (modified) a = 1.0
and the Lockhieed D=12A airfoils were tested as poss ibl
tip sections and the remaining four, the

: Ll eyd = :0ub L : Shak e
NACA 65(218)-419 a = 0.8, 14 = ~0.8 7, the NACA 2418, the

& = 0.5, 5% = Ot

Lockheed D-20B, and the Vesa awrfo 1 were tested as possible
root sectiomns for the wing of the gub ject @lrplanecs ‘e
Vega airfoil was also teqted with a2 30-percent chord
Fowler typeé flap. The general aerodynamic characteristics
were detCﬂflnea for teach of. thesgse 'llfOlio in a smooth
condition and with standard leading-edge roughness. The
tests of the airfoil-=flap model were made to detérmine the
effect of a flap gap seal and Reynolds number on the 1ift
characteristics for intermediate flap deflections and to
deterslne the best gap dimensieon for 'a fllap deflecition
eET 321

The results indicate that the aerodynamic character-
istics of no one airfoil in the smooth condition were
superior in all respects to those obtalned for any of the
other airfoils as shown by the following table of char-
acteristics obtained at a test Reynolds number of 9,000,000:
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lmax | S%mi; Range of 1lift Cn '
da gt for low drag B0

Atrfoil

NACA 652-515
(modified) a = 1.00.108|1.655 |0,0043|0.,250 to 0.7LO |-0.086

Lockheed D-12A .109(1.555| .00L47| .500 to .8L0 | -.059

NACA 65(318)—h19

05 ]

-0,5J\ .112(1.1,60| 00L6|-.160 to .650 | -.0L7

[a = 1.0, oy,
ﬁa = 0,8, ¢

I

La = 005, OZ]: = O«L\L
4
Lockheed D-20B | <103 ]1.330| J00LB|~mmwmmmmmmememe -.060
NACA 2,18 0103 |1.475| +0068| =-cmmeemcnncaa- -0l
Vega (modified) 2419 | .098|1.LL0| 0053 |=memmcemmmacam- 05l A

The addition of leading-edge ‘roughness p;)duced marked
separation effects and the resultant increase in drag
coefficient was of sufficient magnitude that the airfoils,
with the exception of the NACA 2418 and the Lockheed D-12A,
were considered as unconservative gections. The maximum
1ift coefficient, for flap deflections greater than 89,

was appreciably increased when the flap gap seal was
removed and the greatest maximum 1lift coefficient for a
flap deflection of 32° was obtained with a gap dimension
equa ’ to 2.7 percent of the alrfell chord.

INTRODUCTIO

At the request of the Bureau of Aeronautics, Navy
Department, an investigation was carried out in the
Langley two-dimensional low-turbulence pressure tunnel
to determine the delOdrnu“lC characteristics of six
plain dirfoil sections for the wing of the Veg“ XP2V-1 air-
plane. One of these sections,a fcba airfoil,was later
modified to include tests with a 30-percent chord Fowler
type flap. .
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The investigation of the plain airfoils consisted
of tests to determine the. 1lift, drag, and Pltchlng
moment characterigtics of the airfoil sections and to
obtain some data concerning the sensitivity of these
sections to leading-edge roughness. The investigation
of the airfoil-flap model included tests to determine the
effect of a flap gap seal and Reynolds number on the 1ift
characteristics of the model with the flap partially
deflected and also to determine the best gap setting for
the maximum flap deflection of 32°

LIST OF SYMBOLS

cq section drag coefficient (d/qc)
d, minimum section drag coefficient
in
Cy4 section design 1ift coefficient
cy section 1ift coefficient (1/qc)
) maximum section 1ift coefficient
Acznﬂx maximum section 1lift coefficient increment
{lc.
cmc/ﬁ section pitching-moment coefficient about
& ok
airfoil quarter-chord point C/4
qce
Cmg o section pitching-moment coefficient about the
° e
g g c.
aerodynamic center
de
L \ e .
iR slope of the 1lift curve per degree of angle of
da attack
R Reynolds number
Gq section angle of attack
+ - 3 ms 9 pV 2
4. free=stream dynamic pressure (E=-
(9]
<

NG

c airfoll chord
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X distance along chord measured from the leading
edge; horizontal position of the aefouvnamic
center

N distance above or below chord 1 positive when

ine,
sbove chord line; vertical position of the
aerodynamic center

d " .drag per unit span

L 1ift per unit span
m moment per unit span
P alr density

MODELS AND TESTS

The airfoil models tested were of wood construction
and had a chord of 24 inches. The 30-percent-chord
Fowler flap which was tested with the Vega airfoil section
was constructed of duralumin and was furnished by the
Vega Aircralt Company. A sketch of the various airfoll
prmlleo are shown in figure 1 and the ordinates are
presented in tables to VI. The major differences in
he various airfoil sections is shown by the plot of the
profiles presented in figure 1. The AACA 652-515
bta

(modified) a = 1.0 airfoll wa i 1ed by combining a

C‘

modified WACA 655-015 basic t“lC(ﬂes distribution and a
mean line of the type a = 1.0 having a design 115 coel=

ficient of 0.5. The modification of the basic thickness
distribution consisted of removing the cusp and substi-
tuting a straight-line fairin" from the 60-percent station
to the traliling edge. ne Vo airfoil was a modified
NMACA 2419 airfoil sectLo“. B enthllv the modification
of the NACA 2419 airfoll COﬁ°“QLGu of changing the position
of the maximum thicikneess from 0.3C to 0.38 of the chords
and using a smaller lea Lllg-edw radius to arrive at a
section which would resemble a low-drag airfoil. A com-
parison of the profiles of this riodified section and a
conventional YACA 2419 airfoil 1s showr in figure 2« A
sketch showing the general arrangement of the Vega airfoll-
flap model, flap .profile, flap ordinates, and gap dimen=-
sions is presented in firure 3.

The general aevodynaﬂJc characteristics of the plain
airfoils were determined for Reynolds numbers of
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3,000,000, 6,000,000, and 9,000,000 with corresponding
values of the Mach number of OO_OU, 0.144, and O.1u8.
The 1ift and drag characteristics at a de;noLﬂo number
of 6,000,000 were also determined with standard rough-
ness applied to the leading edge of each of the airfoil

sections. The standard roughness applied to these models
was the same as that described in ”eference lsew 0 Thiersl i
characteristics of the Vega airfoil-flap model were, with

one exeeption, obtained at a “\;nolﬁq number of 9,000,000.
To determine what scale effect would be obtained on this
model for flap cdeflections of 0°, 4°, 8°, 16°, and
additional 1ift characteristics were obtained for one gap
configuration for a Reynolds number of 6,000,00C.

Corrections for the wind-tunnel-wall effects were
made by the following equations where the primed quantities
represent the aerodynamic coefficients measured in the
tunnels

Airfoil K
NACA 650-515 (modified) a = 1.0 0.28l
ag = 1.015a," Lockheed D-124 220
cy = (0.985 ~ 0.31K)cy! ny , a = 1.0, s 0.5
cqg = (a4 & GoO%LLK)Cd' NACA 05(518)—419 8= L-B, CLi = -0115 0370
a =105, oy, = 0. |
/1 = - O. y i 1
Cme, /), (1 O}hK)cmc/u
Lockheed D-20B 1,28
NACA 2,18 376
Ve ga « 5380

A correction has also been applied to the data
presented in this report for the increased blocking effect
at angles of attack in the neighborhood of maximum 1ift.
This correction for the increased blocking effect reduces
the maximum 1ift coefficient measured in the tunnel by
approximately 1.5 percent. A full explanation of these
corrections and & discussion of the accuracy of routlne
airfoil tests are presented in the appendix of reference 1.
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RESULTS AND DISCUSSION

The section 1lift, drag, and pitching-moment character-

istics of the tip sections are presented in figures 4
and b' similar characteristics for each of the four root
sections are presented in figures 6 through 2. The
Lesulus obtained from tests to determine uhe scale effect
on the Vega-sairfnil-flap model with the flap gap sealed
are presented in figure 10. The 1ift charac cteristics for
this model with the flap gap open are presented in fig-
ure 11. The results oht ined from the tests to determine
the best cap setting for the 4%yfﬁ-1 flap model with the

lap at a maximuw &ei1uct on of 32° ars presented in
f’{“”e 12. The variation of WiX;ﬂum ift with flap
deflection for all test confli of the flap model
is presented in figure 13,

1g
"
£k
o
£L
o
2

Plain airfolls.- The NACA 655-315 (modified) a = 1.0
airfolil section (fig. 4) was tested as a possible tip
section for the wing of the Vega YPZV-1 eirplane. The aerody-
namic characteristices of this ssectlion, &8 would %o expected,
approximate those for an NACA 650
since both sections have the same tﬁic“ﬁeos and "orewqat

eimilar pressure distributions. a comparison, at a
R eynolds number of 9,000,000, between the NACA 659-515
(modified) a = 1.0 airfoil and the NACA 650-415 airfoil of
reference 1 shows that the maximum 1ift coefficients for
both sections were approximately the same; the minimum

drag and the pwtCHLng-novent coefficients of the
NACA 655-515 (r modified) = airfoil were, however, some-
what greater than those obtailn or the “ACA an-*75 alr-
foil (reference 1). The gre 1
drag coefficients for the IACA 52—515 (modlf*ed) a = 1 O
airfoil may be attributed to the higher camber and the
modified basic thiclkness distribution of this airfoil
section. It can be geen in fi;vwe 4 that the application
of roughness +o the leading edze of the NACA 659-515
(NO@lL;G 1) a = 1.0 airfoll redvced the lift-curve slope
and csuscd some loss in 1ift coefficient at all pos aitive
angles of attack. The figure also shows that the addition
of leading-edge roughness reduced the maximum 1ift coef-
ficient from c3 = 1.565 to ¢ = 1l.225 and increased
the minmum drag coefficilent from cq = 0.0045 to

cq = 0.0104. These values are approximately the same as
would be obtained from a rcugh c~nvent¢9hal alrfoil of

O

U5}

equal thickness and 4ould be considered as normal effects
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of roughness; the very rapid increase in drag coefficient
for 1ift coefficients greater than c¢; = 0.6, however,
indicates the onset of marked separation effects. If it
is. assvmed that the airplane would have a normal wing and
power loading and that in the cruise condition the wing
would operate at a 1lift coefficient of approximately 0.6,
the NACA 85,-515 (modified) a = 1.0 airfoil would in all
probabllity be an unconservative section for this airplane
wing because for lifts greater than c¢3; = 0.6 the drag
coefflcients with WQadJng edge roughness were exc9981*ely
high. A more complete Ceflnwtlon of an unconservative
airfoil and a detalled discussion of the method used to
determine whether or not a section is unconservative can
be found in reference 1.

. The tests results of the Lockheed D-12A airfoil (fig. 5)
shows theat the aesrodynamic characteristics of this section
compares favorably with those obtained for the
NACA 641-412 airfoll of reference 1. .This section was
chosen for purposes of comparison because it is equal in
thickness and has approximately the same design 1ift coef-
ficlent as the Lockheed D-12A airfoil. A comparison between
the Lockheed D-124 and the NACA 64,-412 airfoils (reference 1)
shows that, for all Reynolds numbers tested, the maximum
1lift coefficient is considerably lower for the
Lockheed D-124 airfoil. The data also shows that the
minimum value of the drag coefficient and the range of 1ift
coefficients for low drag are approximately the same for
both airfoils; the pitching-moment coefficients, however,
are somewhat smaller for the Lockheed D-12A airfoil. The
addition of roughness to the leading edge of the
Lockheed D-12A airfoil reduced the maximum 1ift coefficient
from e¢; = 1.490 to c¢j; = 1.250 and increased the mini-
mum drag coefficients from cgq = 0.0046 to cg = 0.0097.
These changes in 1ift and drag coefficients are similar
to those obtained under the same test conditions, for the
NACA 647-412 airfoil and the conventional airfoils of
reference 1. Furthermore the increase in drag coefficient
with increasing positive 1ift indicates that only normal
progressive separation effects are evident and tne alrtoil

C‘!‘

can be considered as a conservative airfoil section.
jﬁ = 1.0, ¢34 = 0.5 ]
The NACA 65(318)‘419 a8 = 0.8, ¢3, = =-0.,5 yairfoil was one
' La @t ch = (0}l
> = Jeo D . = )
ik s J




[co)

MR No. LS5IZ1 : .

of several airfoils investigated for use as a possible
root section for the wing of the XP2V-1 airplane. A
comparison of the aerodynamic characteristics of this
afirfoill with those obtained Srom tests of the other
airfoils (see figs. 7, 8, and 9) shows that, in general,
the maximum 1ift coefficlents of this section were higher
at all Reynolds numbers than those obtained with either
the Lockheed D=203 or the Vega airfoil. The maximum
1ift coefficients for this section were, however, lower
than those ootulnable with the NACA 2418 airfoll section.
The minimum drag coefficient of this NACA 85-series airfoll
was lower at all Reynolds numbers than those obtained with
any of the other tliree root sections. The drag coeffi-
cients for this airfoil at low negative 1ift coefficients
are about the same as those for any of the other three
airfoils; the drag coefficients for 1ift coefficients
greater }a cy = 0.8, however, are excessively high.
These excess ively high drag Coell‘cﬁent° and the abrupt
changes in tde 1ift-curve slope at these 1ift coefficients
may be attributed to a partial brealdown of flow over the .
alrfoll upper sur e addition of roughness caused
8 loss in the 1 lents, 2 Frca“" reduced 1ift
curve slope, an P increase in drag coeffi- y

—

o

'.-Ju
o QU

e
a very ra

cient near mux%rum 1ift. This indicates that the additi
of leading-edge roughness caused a further oreakao~1 of
the flow over the airfoil and showed that this WACA 65-
series section was unconserative.

for the Lockheed D-203

The maximun 1ift coeffi ta
6,000,000 and 9,000,000
r

cien

airfoil for Reynolds numbers of
were considerably lower than tho
ACA 65 series, the NACA Oﬁ“e ail

sections. The

2
e ootained for tvhe

foil, and the Vega airfoill
rag coefficlients obtainci for this section

dr
for 1lift coefficlents greater tuan CL = 0.2 are, in
general, lower than those obtainable ith any of the other
gont snctlonc. The ;iniﬂlﬁ drag ooL?icie 1ts for this
section were approximately the same as those for the
NACA 65-series airfaili nd were ',Aélueraa V lower than
those obtained with either the Vega or the NACA 2418 sir-
foil sections. The pitching-moment coeffic ients about the
aerodynamic center obtained Tor this airfoil were slightly
higher than the Crg values obtained for the NaACA 65-
series, NACA 2418 or the Vega airfoll sections. The

Lockheed D-20B airfoil was very sensitive to leading-edge
rouﬁqnecﬂ as shown by the large change in the 1ift~-curve :
slope, the very low maximum 1ift coefficient, end the
e"ces:;vc‘v high drag coefficients at 1ift ﬂoefficientﬁ

greater than 0.6. These charascteristics are typical of
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airfoils showing marked separation effects caused by
roughness. The Lockheed D-20B airfoll therefore appears
to be definitely unconservative.

The maximum 1ift coefficients of the NACA 2418 airfoil

(fig. 8) are not exceptionally high when compared with
similar data for other conventional sections of equsal
thickness; they are, however, higher for all Reynolds

numbers tested than those for either the NACA 65 =eries,
the Lockheed D~20B, or the Vega airfoil sections. A
comparison of the minimum drag coefficients of this section
with those for the other root airfoils reported herein
shows that highest minimum drag coefficientes were obtained
with. the. NACA 2418 airfoil section. The pitching-moment
coefficients of this section are, in general, smaller
than those obtained with any of the other root sections.
The roughness data presented in figure 8 shows that there
is no loss in 1ift coefficient at low positive angles of
attack and no appreciable change in lift-curve slope
except near maximum 1lift. The roughness data also shows
thet the drag coefficient increases somewhat more rapidly
with 1ift coefficient than for the smooth airfoil but
the variation remains normal, increasing progressively
with increasing 1lift .coefficient. Because only the usual
progressive separation effects are evident the airfoil is
& conservative alrfoll sectlon.

The maximum lift coefficients of the V
(see fig. 9) were higher for all Reynolds er
than those obtained with the Lockheed D~-20E rEoLll e  1He
drag coefficients obtained with the Vega airfoil for 1lift
coefficients greater than ¢, = 0.2 were, in general,
higher than those obtained with any of the other root
sections. The minimum drag coefficients. for the Vega
airfoil section were lower than those obtained with the
NACA 2418 airfoill but were somewhat hicher than those
obtained with the NACA 85-series and the Lockheed D-20B
airfoils. The pitching-moment coefficients for the
Vega section were, in general, about the same or slightly
greater than those obtained for the NACA 65-series and
the NACA 2418 airfoils and weré slightly smaller than those
obtained with the Lockheed D-20B airfoil. The data presented
in figure 9 shows that the addition of roughness to the
leading edge of this airfoil resulted in a reduction in
the slope of the 1ift curve and caused a rather rapid
increase in the.drag coefficient .as.the 1if% .approached its
maximum value. This shows that the model was very sensitive

gelije
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to leading-edge roughness and in all probability the
excessively high drag coefficients for 1lift coefficients
greater than c¢; = 0.6 indicates that this would be an
unconservative airfoil section.

A summary of the aerodynamic characteristics obtained
for each of these airfoils at a test Reynolds number of
approximately 9,000,000 is presented in table VII,.

Vega airfoil-flap model.- The scale effect data in
figure 10, was obtained from tests with the flap gap
sealed and showed that a chanre in the Reynolds number
from 6,000,000 to 9,000,000 resulted in an average
increme nt “L 0.07 in the maximum 1lift coefficient for
the airfoil-flap model for flap deflections of 0°, 4°,
8%, 16°, and 249,

The effect on maximum 1ift coefficients of removing
the flap gap seal is shown in figure 123. The results
indicate that no change in the mayirvw 1ift coefflcients
was obtained for flap deflections from 0° to 89; the
results, however, show that for deflections of 16 and 24
an appreciable increase in the maximum 1ift coefficient
was obtained with the flap gap open. In terms of percent
increase in 1ift this represents a 3.7-percent increase
at 16° deflection and a 9.3-percent increase at a deflection
of 249, The greater 1ift at these flap deflections, with
the gap open, probably results from better flow character=-
istics over the upper surface of the flap. In order to
determine the best *ap dimension for the Fowler flap at
a deflection of 32° : tests were made with flap gap
dimensions of 1.7, 2.2, and 2.7 percent of the airfoil
chord. A gap of 2.2 nercent of the airfoil chord was the
normal gap for this *1ap deflection and figure 12 shows
that a maximum 1lift coeIP101ento_ 3.15 was obtalned for
this gap setting. A decrease in the gap dimension to
1.7 percent of the chord caused a slight change in the
1lift-curve slope and reduced the maximum 1lift coefficient
by approximately 0.6 percent. An increase in the gap
dimensions from 2.2 to 2.7 percent of the chord resulted
in an increase of 4.1 percent in the maximum 1ift coeffi-
cient even though the llft coefficients over the greater
part of the angle-of-attack range (see fig. 12) were
somewhat reduced.

The results chow that, with a gap dimension of
Z percent of the airfoil chord and with the flap deflected

2
3 a maximum 1ift coefficient of 3.28 and & maximum 1ift

.
)
Ry
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coefficient increment of 1.84 was obtained for this
model at a Reynolds number of 9,000,000. This maximum

Lt coefificilecnt

C
of U8, 16 End the ma
of 1.65 which was
for a 1S-percent-tl
a 30-percent chord

The results of

ix plain airfo

te thatse

)

i 653 3
were superio
of the other
eharacteeristics
of 9,000,000%

The aerodynamic
£ dn el re 1
airfoils as QLﬂmn By th

btained at a test Reynolds number

and maximum 1ift coefficient increment
compares quite favorably with the meximum 1lift coefficient
aximum 1ift coefficient increment

ovtained under similar test conditions)

1ick Boeing Wgz airfoil equipped with
"owler Flap.,

CONCLUSIONS

the aerodynamic investigation of
ils and the airfoil-flap model in the

si
ey two-dimensional low-turbulsesnce pressure tunnel
o
(8

1 gbacaneof ol one e i niiotil
hose obtained for any
e following table of

Airfoil

deg Clmax |®Cmin [R&nge of lift |eq
dag for low drag

TACA 655-515
(modified) a = 1.0

Lockheed D-12A

2 = 1.0,
4

<a = 0. 8 Cli == J. ,-i

la = 0.5, oy, = Ouls |

Lockheed D-~-20B
NACA 21,18

Vega (modified) 2,19

0.108 {1.655 [0.0043 [0.250 to 0.7L0 |-0.086

109 [1.555| .00L47| .500 to .8LO| -.059

\ﬂ

<112 11,460 0046 |-.160 to 650} ~.0L7

<103 11.330 | OOLE |==mmmmmmee e -.060
<103 11,1475 0068 j==veememccaaaa -0l
<098 {1.LJ0} +0053 |ememmecncacano -.051
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a= 1.0 cli = 0.5
NACA 65(518)-u19 = 0.8 S
a = 0.5 cli = @l
(Stations and ordinates glven in
percent of airfoil chord)

Upper Surface Lower Surface

Station | Ordinate Station | Ordinate
0 0 0 0

222 1.301 JT78 | =1.265
L1 1.835 1.059 | =1.503
'903 2.351 1. 9 -lo 3
2.102 3.225 b =2.01131
lL.551 .310 5.449 | «3.302
70052 2.982 7. 68 -20966
12.532 <971 10.468 | -L.511
+959 8.543 15-hgl -S-EZE
21,683 | 10.651 25.31 -6.199
22.gég 11.3%03 30.235 | =6, Eg

3485 11.510 Zs. 2 | =7.0
B | g (oo | i
0.226 | 11.%48 %32280 222732
5.337 | 10.587 66% | =6.305
0.371 | 9.601 59.629 | =5.767
65.361 8.u§2 6l . 639 -P.175
70.319 T.% 69.681 | «[.530
55-2h9 6.117 1 .ggl =5.057
o %'909 R ‘2‘§§§
90.05L 23232 89.9L6 | -1.307
95.055 1.526 9. 9L5 | =0.470

100.000 0 100.000 0

L.E. radius: 2.18)
Slope of radius through L.E.: 0.201

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE II
LOCKHEED D=20B
(Stations and ordinates given
in percent of airfoil chord)
Upper Surface Lower Surface
Station | Ordinate Station Ordinate
0 L6 0 0
3, | 2k 5 | o
1.25 [18 1.88 b
2.50 §.71 2+50 -1.99
5.00 .58 500 -2.67
8050 8.00 go O - 025
10.00 9.18 10.00 -5.69
15 10,94 15 =l 12
20 1241 20 -4.99
25 1%.0 25 -5.%1
30 13,6l 30 -5-69
5 ]1_)2-97 9 =D
0 .02 0 -5.98
L5 13.76 L5 -5.98
50 13.20 50 -5.83
5 12.L 5 -5.50
0 11.57 0 =5.02
65 10.10 65 aliy
T0 8.6 70 -3.32
55 Te2 9 =J.1
O 079 0 -2‘5
85 55 85 -1.91
90 2. O 90 -1028
95 l.45 9 -.63
100 100 0
L.E. radius is 0,0256c on a line 18°-40' from
the chord.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE III |
|
NACA 2,18
(Stations and ordinates glven
in percent of airfoll chord)
Upper Surface Lower Surface
Station | Ordinate Station | Ordinate
0 - 0
1.25 .28 1.25 -2 Ly
2,50 é.us 2.50 E %g
5.00 .03 5.00
7.50 w17 7.50 -5.48
10 . E 10 . =6.0
15 9.3 15 -6-7
20 10.15 20 -7.0
25 10.6 7.1
0 10. E -T.12
0 g 0 -6.71
0 g 9 5.9
0 .6 -5.0
0 7.02 O -%.97
0 5.08 O -2.30
90 2.81 -1.53
95 1.55 95 =07
100 (.19) 100 (=.19)
100 | =ee——— 100 0
L.E. radius: 3.56
Slope of radius through L.E.: 0,10

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV
VEGA AIRFOIL (MODIFIED NACA 2419)
(Stations and ordinates given in
- percent of airfoil chord)
Upper Surface Lower Surface
Station Ordinate Station | Ordinate
0 0 0 0
0.50 2.018 +50 -1.380
«715 2-383 <715 -1.72,
1.25 2.96 1.25 2,237
2.50 h.oag 2.50 -ﬁ.ll
5.00 Z.A 5.00 -4.20
.50 . 7.50 -u.ﬁ32
10 g. 72 10 -2. 6
20 9.929 20 -6.836
25 10.706 25 -7.210
30 1L:21° 30 =7.11
P, 11.472 2 =7.49
0 11.507 0 -7.490
L5 11 3%0 L5 =T7+359
0 10,987 50 -Z 038
28 10.;2 28 - 6;
9. -601 g
65 8.8§ﬁ 65 -E 501
70 208 70 o 0782
p, « 759 5 -L.00
s o | 8 |In
90 2.808 90 -1.'5.25
95 1.408 95 -0.7
100 0 100 0
Leading edge radius: 3,055

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE V
NACA 652-515 (modified) a = 1.0
(Stations and ordinates glven in
percent of airfoll chord)
Upper Surface Lower Surface
Station | Ordinate Station | Ordinate
0 0 0 0
.268 1.22 0752 "'097
191 1.50 1,009 | =1.15
s | 2982 2.8 | T17ds2
2.1 ° ° =Lle
L.622 | L.013 5437 -2-%;5
7.106 u.g99 7.894 | =-2.879
a.éoa 5.830 10.397 | =3.2,6
1,621 5.17 15.379 -?.80
13.657 .2o§ 20.3L3 | =l.2
2l;.705 8.99 25.295 | =L.520
2 .gsg 9.578 30,201 -u.518
520 l 909 8 5.1 2 =Liie 19
32.879 10.275 0.121 | -4.819
941 | 10.1 2 45.059 | =4.689
50.000 9.92 50.000 | =L.L410
s | g | el gE
65.135 | 8.039 23:365 57 89
70.160 2.175 69.840 | =2.313
55.17 -7 7h.826 | =1.746
0.1 3.182 gﬁ.Bzu -1.205
85.165 .07 .835 | =0.712
90.13%9 2.886 89.861 -.302
95.093 1.585 94.907 -.005
100.000 0 100.000 0
L.B. redius: 1.505
Slope of radius through L.E.: 0..211
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COMMITTEE FOR AERONAUTICS




L-681

MR No., LS5IZ21

TABLE VI
LOCKHEED D-12A
(Stations and ordinates given in
percent of airfoil chord)
Upper Surface Lower Surface
Station |Ordinate Station | Ordinate
0 0 0 0
.5 1.91 5 -
75 2¢19 <75 —_—
1.25 2.62 1.25 .963
2,50 E.ué 2.50 1.200
5.00 i 5000 1.%75
7.50 2.26 7.50 1.600
10.00 .60 10.00 1.670
15 199 15 1.7%6
20 9.01 20 1.761
25 9.72 25 1.758
20 10,1 30 1.737
5 10,52 5 1.792
0 10,20 0 1.797
L5 9.7% L5 1.799
50 9.10 50 1.799
25 8. 36 5 1.782
0 . 0 13
65 2.22 65 1.258
70 5.70 70 1.383%
55 h.gs 5 1.150
0 3,30 0 .925
85 2.85 85 695
90 1.90 90 160
95 <95 95 .230
100 0 100 0
L.E. radius is 0.015c on a line 22° from
the chord.
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TABLE VII

SUMMARY OF THE MORE IMPORTANT AERODYNAMIC CHARACTERISTICS

OF THE VARIOUS AIRFOIL SECTIONS

R 1d de c range of lift

Airfoil gﬂﬁgers a;% clmax dmin for low=drag "a.c.
BACE 655=HL5 (mod) | g o iy 505 0.108 1.655 | 0.0043 | 0.250 to 0.740 | -0.086

a = 1.0
Lockheed D=-12A 9.0 x 106 0.109 1.555 0.0047 0.500 to 0.840 -0.059
NACA 65(518)“h19
a8=1.0 °11= 0.5 9.0 x 1o6 0.112 1.4460 0.0046 0.160 to 0.650 -0.047
8.=0.8 cliz-o’ 5
a=0.5 CLi: 0.4
Loékheed D-20B Be9 x 106 0.10% 1.33%0 0.0048 | =memcemecc—aaa -0.060
NACA 2118 8.9 x 106 0.103 1.475 0,0068 | ===--c-eeeoan- -0. 04k
Vega (mod) 2419 8.9 x 106 0.098 1.440 0.0053 | ==mceccmcccce—-a -0.051

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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MR No. L5121
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NACA 65(318)'“19

Lockheed D-20B

NACA 2),18

//Veg&

NACA 652-515 (modified), a = 1.0

f

Lockheed D=-12A

Figure 1.- A sketch of the various airfoll sections for the wing of the Vega XP2V-1
alrplane.
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Vega airfoil——7

NACA 2,19—/
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Flgure 2.- A comparison of the airfoil profiles of the Vega and the NACA 2);19 airfoil
sections.,
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0.860

- Flap gap, 0.017

Flap gap, 9-0'22;7;_/‘ i o
Flap gap, 0.027

1.000
Chord line j\*

<

o

o

"
ll"la;; pivot point
\k\

airfoll lower surface

ORDINATES OF FIAP NOSE

0.512

(Stations and ordinates given in per-

cent of airfoil chord) /
Station Upper Ordinate | Lower Ordinate U
I
70,00 -3.66 ) =3,66 | o
70,25 -2,70 = %5 TR
70.50 =2, T D) 7%, 1 |
0.75 -Z.g'.; S -;.EE,W -
1.00 -1.82 =L.51 |
1.55 e Point of tangency
airfoil lower sur-
face.
2,50 =0.79
5.00 0.38
77 .50 1.15 041403~
0.00 PoInt of Tangency 53.1-percent
chord radius.
NATIONAL ADVISORY
R COMMITTEE FOR AERONAUTICS

Figure 3.- A sketch showing the general model arrangement, the flap profile, the flap ordinates and the gap dimensions
for the Vega airfoil-flap model.
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proposed root section for the wing of the Vega XP2V-l airplane. Tests, TDT 335, 342.
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the wing of the Vega XP2V-1l airplane.
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Halos
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. ction angle of attack, a, , deg
Figure 1l.~ Section 1ift coefflicients for a Vega airfoll
equipped with an 0.30c Fowler type flap; proposed root

gection for the wing of the Vega XP2V-l airplame.
gap open; Reynolds, 9.0 million; Tests, TT 597.
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Section angle of attack, a, , deg™
° ariation of section maximum lift coet 5 with
flap gap dimension. Vega airfoil flap model; Reynolds num-
ber, 9.0 million; Test, T 597.
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