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| IOW—TﬁRBULENCE TUNNFELS

By Milton M. Klein
SUMM ARY

Four airfoils sections, Qesigned by the Republic
Aviation Corporation for tne root snd tip sections of the
XF-12' airplane, were tested in the Langley two-dimensional
low=turbulence“tunnsls to obtain their aerodynamic charac-
teristics Lift characteristics were obtained at Reynolds
pumbers of %,000,000, 6,000,000, 9,000,000, and 1l;,000,000,
whereas drag chﬂracterlst;cs were obtal ied at Reynolds
numbers of 5 000,000, 6,000,000, and 9,000,000, Pressure
distributions were obt ined for one of the root sections
for several angles of attack at a Reynolds number of

~ 2,600,000. .

‘Comparison of the root section that appeared best
from the tests with the corresponding NACA 65-series
section shows the Republic section has a higher maximum
1ift and higher calculated critical speeds, but a higher
minimum drag. In addition, with standard roughness applled
to the leading edge, the maximum 1ift of the Republlc air- |
foll is lower thsn that of the WACA alrf011. -

Comparison of the Republic tip section with the corre-
sponding NACA 65 series sect;on shows the Republic sairfoil
has a lower meximum 1ift and a higher minimum drag than
the WACA airfoill. The calculated critical speeds of the
Republic section sre s=lightly hléhnr than uhose of the

NACA section.
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IHTRODUCTION .

Ab the request of the Army Air Service Technical
Commend, tests were made to obtaln the sgérodynamic charac-
teristics of four airfoll sections designed by the
Republic Aviation Corporation for the XF-12 airplans.

The airfoils, which had thickness ratios of 13 and 18 per-
cent, correspcnding to the tip and root sectlons of "the
wing, were designed to have moderate extents of laminar
flow. The 1ift and drag characteristics were obtained by
tests conducted in the Langley two-~dimensional low-
turbulence pressure tunnel (TDT). One of the 18-percent
thick airfoils was tested in the Langley two-dimensional
low-turbulence tunnel (LTT) to obtain pressure distribu-
tions at several angles of attack.

SYMBOLS
a fraction of chord for which-mean line loading is
. constant ' ‘
st . . : . Aﬂ '
ey - section 1ift coefficient '(1/qc)
¢y maximum section 1ift ccefficient
max N : =2
cd section drag coefficient (d/qc)
Cdmin minimum section drag coefficient ‘ :f“
. . . HE -Dp
S low-speed pressure coefficient. ——a——
o | \ ‘ ,
17 1ift per unit span ‘ S
a drag per unit span o
c. airfoil chord
H °. ' free-stream total pressure
o) local static pressure
q free-strgam dynamic pressire

o
=

or criticel Mach number
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o]

Reynolds number

g - section angle of attack, degrees

MODELS AND TESTS

. The models, submitted by the Republic Aviation
Corporation, were of laminated wood construction and had
a chord length of 2l inches. The models were designated
as follows: R-l,L0-L13-.6; R-L,L0-218-1; R-l,L0-318-1;
R-l1,50-1418-1. 1In this designation the symbols have the
- following meaning: - . : - ,

'R S 'Republic Aviation Corporation.
first digit | ’ - family of airfoll . . +.;
next two' digits locstion of meximum thickness of

' airfoil in percent chord .

next digit o . design ¢y

next two digits -  meximum thickness of airfoil
last digit - value of a for mean line of
airfoil \ %

Ordinates for these‘airfoils, supplied by the manufactureér,
are présgented in tables I through IV. The method of - ..
testing was the same as that described in reference 1.:for
2-fgot ‘chord models in the TDT. SR
. . Lift data were obtained et Reynolds numbers.of %,000,000,
6,000,000, 9,000,000 and 14,000,000 and drag data at 3,000,000,
6,000,000, and 9,000,000. TLift and drag with standard. /.
roughness applied to the leading edge (reference-1) were -
obtained at a Reynolds number of 6 x 100, .In addition,
pressure distributions were obtajned for the R-lt,j0-318-1
at a Reynolds number of 2.6 x 10°,. for angles of. attack
of -1.020 0°, and 2.03°. The highest Mach number . ...
encountered during the tests was less than 0.16; therefore,
‘the results may be considered free.,of compressibility
effects. S

Corrections for wind-tunnel wall interference were
‘made by the following equations where the primed quantities
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‘Although the R~

K

represent the angles of attack and aerodynamic coeffi-
cients uncorrected for tunnel wall effects:

ag = 1.015 ao' - - A (1)
| cd‘é (1 - 0.034A) cgqt (2)
oy = (0.985 - 0.03l) oyt - (3)
o5 = (1 - 0.034A) 51 (L)

The value of the correction factor A to be used

in the above equations is given in the following table:

Model ' - A
R-l, LLO—LL:LZ ' 0. 2LL1
R~ l; 0-218-1 , L343
~ R-lp,L0-318-1 XBLLZ
“R-IJ,50-[18-1 - .395

Examination of equations (1) through (L) shows that the
corrections are of the order of only a few percent. An
explanation of the tunnel wall corrections applied to
date obtained from the LanglPV ‘two~dimensional tunnels is
gilven 1n the anpenalx of reference 1. :

RESULTS AYD D'ISC‘U.SS]'IIO’,N .

The 1ift 'and dr ‘28 cnaracterlstlcs of the, four alr-

foils are presented in figures 1 through k. Pressure dis-

tributions for the R-l,li0~318-1 are presented in’ flgures 5

‘through 7 for qevcral angles of attack.' The 13: Dercent

section (R-l,Lh0-11%<.6), designed for the tip section, has
2 high maximum 1ift and a low minimum drag relative ‘to :
airfoils of comparable shape and thickness, and a range
of "ty ,of 0.2 for low-drag at a Reynclds number of 9 x 10
(fig. 1); it may therefore be considered. satisfactory.

y ,50-1418-1 airfoll section, which was one
of the 7. alrf011“ designed for.the ‘root seéction, has a
moderate maximum 11ift and a low minimum drag, it also has
a very narrow low-drag range. amna shows an extremely rapid
increase in drag for positive 1ifts outside the low—drag
range (fig. l}). This airfoil is therefore considered

o
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unsatisfactory for the root section. The two alternate

18 percent sections, R-L,40-218-1 (fig. 2) and R-l,L0-318-1
(fig. %) have minimun drags somewhat greater than the
minimum drag of the ‘R-l;,50-418-1. However, they have .a
greater range of c¢j; for low drag and sshow only a moderate
increase in drag for positive lifts outside the low-drag
range, While the two alternate sections have.approximately
‘the same drag charsacteristics, the maximum 1ift of the
R-li,10-318-1 was greater than that of the' R-l,[j0-218-1.

on this basis the R-l,Lj0-318-1 appesrs to be the best
choice for the root section. . .

The Republic ‘sections have .pressure distributions
somewhat similar to the NACA 65 series, A comparison has
therefore been made of the aerodynamic characteristics.of
the R-L,0~413-:6 and R-l1,[0-318-1 with those of the
corresponding NACA 65-series airfoil sections in the
following table:

Lo f
Airfoil ®lmax € ®dmin 4 “lmax ~ "
section - |R=79 x 10° R = 9 x 10%|standard roughgess

| R R =6 x 106 .
R-u,u04u12-.6 1.59 0.0047 1.18
NACA 654-L113 L.63 .003 o 1.3%0.
R-L,L0-318-1 1.59 .00kg |- 1.3 00
NACA 655f518 1.5% 002 IR B Iy AL

The valuesffér~fhe NACA se¢ﬁi5ns have been‘pbtéine&}by;
- interpolation of the values given in reference 1 -to.the ..

proper camber and thickness., T

In additlon, a comparison c¢f the theoretical critical
speed curves of the R-4,}0-413-.6 and R-I,4C-%318-1 and the
corresponding NACA 65-ssries sections has been made in
figures 8 and 9, where critical Mach number is plotted
against low-speed 1ift coefficient. The critical speeds
for the Republic sections were obtained by calculating
their theoreticsl pressure distributions for various 1ift
‘ coefficients; the critical. Mach number corresponding'to
: the maximum value of S in esch pressure distribution was
then obtained from the plot of critical Mach number against
low-speed pressure coefficient as given in reference 1.

The critical-speed curves for the NACA sections were
obtained by interpolation of the criticsl-speed data for
; the NACA 65 seriss as given in reference 1., (Criticel-speed ,

c f
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values for the R-L,l;0-318-1 obtained from the‘experimental
pressure, distributions (figs. 5, 6, and 7) have been .
spotted on figure 9. Good ugroemenu W‘th the theoretical

‘values may be observed.

Comparison of the characteriétiCS‘of the Republic

and NACA sections shows that, for a thickness ratio of
1% percent, the NACA airfoil has a higher maximum 1ift
with dnd without standard roughness and a lower minimum
drag than the Republic section. The critical speed
values are approximately the. same except at higher 1lifts
wheré the critical speeds of the NACA airfoil are lower
than those of the Republic airfoll, For. a thickness ratio
of 18 percent, the Republic section has higher critical
speeds and maximum 1ift but a zomewhat lower meximum 1ift
with standard roughness and a higher minimum drag. - 'These
results indicate that the Republic R-l,Li0-318-1 and
NACA 65z-318 airfoil sections ars equally suitable for
~use as “the root section of the XF-12 airplane; however,
the NACA 65-1-l11% appears to be more suitable than the
Pepubllc R-& L0=41%-.6 for the tip section.

CONCLUDING REMARKS

1. The Republic 13-percent airfoil R-l,[j0-l413-.6
has ahmmr maximum 1ift and a higher mihimum drag than the
NACA 65 section 6571-L13; the calculated critical speeds .
of the Republic sectlon are approximately the same as
those of the NACA section except at the higher 1ifts where
the Republic section has q11r‘htlv higher critlcal speeds
than the NACA section. , Lo

2. The Republic 18-percent airfoil R- h,hO )18 1 has
a higher maximum 1ift and higher celculated critical
speeds than the NACA cection 65z-318, but a' somewhat -
higher minimum drag. With btangara fouphness aDplled to
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?he leading edge the maximum 1ift of the Republic section
1s lower than that of the NACA section,

Langley’ Memorisl Aeronautical Laboratory o
- National Advisory Committee for Aeropmautics . -
Y Langley FPield, Va.
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Milton M. Klein
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» TABIE I.~- ORDINATES FOR THE TABLE II,~ ORDINATES FOR THE
A REPUBLIC R-k,L0-413-.6 AIRFOIL SECTION REPUBLIC R-l,l;0-218-1 AIRFOIL SECTION °
[ ] N
4 Stations and ordinates glven Stations and ordinates glven
in percent of airfoll chord in percent of airfoll chord
. :
: Upper Surface Lower Surface ) Upper Surface Lower Surface
Station Ordinate Statlon Ordinate . Station Ordinate Station Ordinate
0.50 ° 1.408 0.50 0.70 0.50 1,600 0.50 1.220
OO B B D R B
2.50 2.922 2.50 1.6k 2.50 3,160 2.50 2.810
5.00 L.120 5.00 2,231 5.00 .770 5.00 3.935
7.50 5.019 7.50 2,609 7.50 .7L0 7.50 . 765
10.00 LT71 10.00 2.863 10.00 .520 10.00 2.590
15.00 .9%0 15.00. 3,23 15.00 5 25 15.00 J325
20,00 g 18 20,00 ' 3.[6;52 20.00 +010 20,00 6.580
' 25.00 .hég 25.00 3,60 25.00 9.2h2 25.00 7.0430
30,00 8.9 30,00 3,654 30,00 9.692 30.00 7.510
\ 5.00 9.247 5.00 3.65% 5.00 9.965 5400 7.885
0.00 §.399 0.00 5.60 8.00 10.0706. 0.00 7.325
45.00 9.222 L5.00 3.502 45.00 10.010 45.00 7.830
50.00 g 50.00 3.3l 50.00 '9.80% . 50.00 7.600
5.00" .922 25.00 3.1L0 55.00 g.uhs Zs.oo ‘ Z.zhs
0.00 - 8.429 0.00 2.896 0.00 910 0.00 750
65.00 Zggé 65.00 . | 2.653 65.00 8.230 65.00 6.130
70.00 .886 70,00 2.39 70.00 z 95 70.00 .3g5
gs.oo .879 'és.oo 2.101 55.00 20 55.00 Z 0
0.00 .291 0.00 1.765 0.00 .325 0.00 3.685
85,00 3,638 . 85.00 1.402 85,00 2 5 85.00 2.742
90.00 2.436 50.00 1.002 90.00 2.880 90.00 1.570
95.00 - 1.2L5 95.00 +563 95.00 1,500 95.00 875
100.00 .035 100.00 .033 100.00 . 0 100.00 0
L. B. radiuss 1.143 o L. E. radius: 2.250
., Blope: 0.21297 Slope: 0,07807
TABLE III.- ORDINATES FOR THE TABLE IV.~ ORDINATES FOR THE .
REPUBLIC R-l,L0-318-1 AIRFOIL SECTION REPUBLIC R-l,50-418-1 AIRFOIL SECTION
Stations and ordinates glven Statlons and ordinates given
in percent of airfoll chord . in percent of alrfoll chord
Upper Surface Lower Surface Upper Surface Lower Surface
1 - 8tation Ordinate Station Ordinate Station Ordinate Station Ordinate
0.50 1.733 0.50 1.119 0.50 1,542 0.50 0.928
.75 2.0 75 1.h12 ) .75 1.85 .75 1.171
1.25 2,609 1.25 1.885 1.25 2.3% 1.25 . 1.555
2.50 .525 2.50 - 2,700 2,50 350 2.50 2.267
5.00 .967 5.00 3.768 5.00 713 5.00 3.170
7.50 -g9 7.50 »920 7450 2-772; T.50 .802 :
10.00 .813 10.00 5.103 10.00 .576 10.00 .31
15.00 8.089 15,00 2.9 2 15,00 'g 50 15.00 5.05
: 20.00 9.023 20.00 .5 2 20.00 .82l 20.00 5.57
25.00 9.707 25.00 6.98 25.00 9.630 25,00 5.92
30.00 10.183 30.00 7.24,8 30.00 10.239 30.00 6.267"
5400 10.482 5.00 7.572 5.00 10.675 5.00 6.%82
i 0.00 10.609 0.00 7.33 0.00 10.960 0.00 6. 23
5.00 10.569 L5.00 7.281 5.00 11,159 L5.00 6.5 %
50.00 10.365 50.00 Z.osa 50,00 11.223 50.00 6.801
5.00 9.991 5.00 .698 5.00 11.132 .00 6.765
0.00 g 7 0.00 6.220 0.00 10.8 0.00 6.5
65.00 ggz 5.00 2.625 65.00 10.370 65.00 6.1
70,00 Z 3 70.00 .920 70.00 gz 3 70.00 Eéﬂg
5.00 .869 5.00 L.i29 5.00 . 9g 5.00 .83
‘80.00 .Za 0.00 3,286 0.00 7.13 0,00 3,822
85.00 . 85.00 2.4 85.00 5.5 85.00 2,65
90.00 3,101 90.00 1.2 90.00 3.75 90.00 1.20
95.00 1.663 . §5.00 677 95.00 1.906 95,00 .65
100.00 .017 100.00 ,017 100.00 0 100.00 0
L. E. radfus; 0.948 L. E. redlus: 1.620
Slope: 0.25L Slope: 0.1689
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 5.~ Pressure distributlon for the Republic R-l,i0-318-1 alrfoll section;
LTT test 379; a, , o,
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, Figure 6.- Pressure distribution for the Republic R-4,},0-318-1 airfoil section;
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Figure 8.~ Variation of critical Mach ber with low speed gecjlon
glift coefficient for the Republic R-ﬁuﬁo El} and the NACA 51-&13

airfoil sections.
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FPlgure 9.~ Variation of critical Mach nuaber with low speed’ section

1irt coefficient for the Republic R-L j0-318-1 and the NACA 653‘918
airfoll sections. “ .
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