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SUMMARY

Ordinates, surface slopes and curvatures are listed for the two
aerofoile together with a detailed tabulation of lift, drag and pitching
moment deta obtained at Mach numbers between 0.3 and 0.85 in the NPL
36 1n. = 14 1n. transonic tunnel. The serocdynamic characteristics and all
the pressure distribution are plotted, with some comparisons.

1. Introduction

NACA 0012 1s a standard section frequently used for helicopter
rotors and NPL 9615 15 a derivative of 1t having a 6.2: extension to the
chord and a drooped leading edge with larger radius of curvature. The
position of NPL 9615 in the current programme of aerofoil section development
for helicopter use will be reported on separately, but as this section has
been found to possess advantages over MACA 0012, 1ts description and messured
aerodynamic characteristics are given herewith and some comparisons are drawn,

2e Section Shapes

1 The NACA four=-digit series of wing sections was first reported on
in 1932, and the following formulae for the thlckpess distribution and
leading edge radius are taken from Ref. 2.

+ y/fc = L. <0.2969O Vx/c = 0.12600 x/c - 0.35160 (x/c)?
+ 0.28430 (x/c)® - 0.10150 (x/c)4>

Ro/c = 1.1019 (t/c)?

NACA 0012 1s obtained by puttang t/c = 0.12 in the above equations, and the
ordinates are listed in TABLE .1 together with surface slopes and curvatures.

The new section, NPL 9615, was obtained by taking the rear portion
NACA 0012 and modifying ordinates forward of the position of maximum thickness,
extending and drooping the nose. The ordinates for HPL 9015 are non-dimensionalisea
with respect to the extended chord and are listed in TaBLE 2, alsc with surface

slopes/

*Replaces A.R.C.30 657 = NPL Aero Special Report 017.
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slopes and curvatures, The nose porticns of the aerofoils are compaved 1n Mg, 4
and the upper surfoce curvature distributicns ahead of nosition of maximum
thickness arz compared in Fag, 2. The thickness/chorl ratio of NPL 9415 is 0,413
compared with 0,12 of FACA 0M2, and the aew profils tlends smoothly into the
NACA O¥ 2 raar portion 2t w/c (based 01 the new chord ~nd nose position as orlgln)
equal to 0.28333 for the uppor surfece and equal to 0,3,.09, the powition for
maxlmum thickness, on the lower,

The leading-edge radaus of NPL 945 is 0,01883, non-dimensionzlised in
terms of the actual cho~d, This should be compared with 0.0158 for the standard
NiCA 0012, (a figure vhich 1s reduced to 0.M41 for a NACA four-digit thickness
distribution with the 14.3) thickuess/chord ratic of NPL 9615).

Cne of the aims of the design featurss of NPL 9615 was to reduce the
curvature of the upper surface, relative to that for NACA C012, in the region vhere
superscnic flow develops at incidence. This helps to recduce the maximum
velocities and hence the strength of the shock wave that tarminates the supersonic
regiomn., The reduction of curvature was made possible by the extended leading edge
which also ellowed the ircorparation of leading-cdge droop and aan 1nercase of

leading-edge radius, both of which help to insresse the low s;eed,GLnax_. The

droop and increased radius also have an effsct on the development o the leeal
supersonic flw,

3. Test Conditions

The aerodynamic data for the +two scchion- wers cbtoined under identical
sonditions so that the comparison shoi1ld nobt be influenced by these conditions,
The tests were carried out with 10 1n. (0.254 m.) chord models spannming te 14 1n.
(0,356 m.) dimension of the NPL 36 in. x 14 in. (0.%2 m. x 0.36 m.) transonic
wind-tunnel, which operates at aimospheric stagnstinon pre<sare. The floor and
ceiling of the tunnel were slotted (4 slots, over=z1ll open-area ratio = 0.33) and
were ¥ in, (0.79 m., ) epart throughout the length of the working section. The se
conditions a=e close to those giving blockage-free ani lift-interference-frce
resul*s, and no corrections for well corstraint have bcen .pplied.

Purther ftests are now 1n hand to determine optamum test sonditions and
to calibratz the tunnel precisely, Lift interference =2nd blockage are affected
by both wall divergence and open-ares ratio and 1t 1s not clear whether a wall
configuration can be found to give zero values of 1ift interference and blockage
simultaneously, or whether such a wall vould remain entircly interference-frese at
the high values of CL and Mach number which nced to be covered xn the present
tests, ’

For the present, it should suffice that any neglected constraint
corrections should be small, and may be equivalent to a smzll change ain fres-stream
Mach number, Furthermore, the comparzson hetwecen the tioc sections should aot be
irflucnced by whe ther the idaniical test conditions are entirely interferencc-Trec,
In one respect they are not: the thick end-well bhoundary layers lead to a serious
departure from two-dimensicnal testing conditions at high angles of incidence and

hence to & reduction in CL -
max

Companion tests heve been cerried out in the 13 £t x 9 £t lov speed wind
tunnel on & model of NAC. 0042,  lthough the end effents are much further removed
from mid-span with a planform aspect ratio of 3,6 compared wmth 4.4 for the
36 in. x 44 in, wind tunnel, the tests revealed ¢ gein in Cp pay OF over C.1 when
premature flow separation at ths ends was inhibited b~ boundavry-layer conirel by
suction,

411/
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A1l resultz werc obtained with a roughness band of 230-270 mesh
carborundum® present between the leading edge and 0,02 chord on both surfaces.
Sufficient roughness was required to producc toundary-layer transition ahead of
strong shocks in order to avoid optimistic values for Cj, max at high Mach number.
On the other hand, too much roughness was likely te¢ produce lo valuss of Cf pax
et low speed and & higl. uverall levcl of drag. The Land that vwas chogen provided
2 compromise roughness thet cculd be used over the whole range of the tests and
gave a reasonable simulation of the conditions on a full-scale helicopter blade.
However, the most important point te note is that the same roughness band was
used on both models so as to ensure a valid comparison of one set of results with
the other, Drrect-shadow photographs revealed that with the band present,
trensition occurrcd between 0,10 and 0,40 chord Jownstream of the bhand, depending
cn Mach number and pressure gradient, Without the band, transition would have
occuirred in an unrealistic position much further aft,

4, Results

Lift and pitching moment were found by integration from the distribution
of pressure round the centre portion of the asrcfoil measured at about 43 static
pressure hole stations in the surface of the model. Profile drag was chtained
by wake traverse.

The measurements were taken in order to construct tables of aerodynamic
characteristics at 0.05 intervals in Mach rnumber and %° intervals in 1incidence
required as input for ths comparative machine computation of rotor performance
and it was therefore necessary to double-smooth the experimental observziions,
This has therefore already becn done and the tables here presented contain the
smoothed values, limited to the (M, a) regions actuzlly covered by the tests,
and obtained by interpolation where necessary: Only a few of the %% settings
wers actually tested, The graphs on the other hand make use of values measured
et 0,025 intervals in Mach number in regions where the values are varying rapidly.

TABLE 3 1ists values of CL’ CD and Cmc/h fer NPL 9615 at Moch numbers between

0.3 and 0,85 with incidences between -2° and the stall, and TABIE 4 contains
corresponding information at positive values of incidence for the symmetrical
section NACA 0042, The test Reynolds nurber varied fram 4.7 x 10% at M = 0.3

to 3,75 x 10% at M = 0,85, Curves showing the variation at CL’ Cps and Cmc/h

with incidence are plotted in Figs. 3, 4 and 5 for NPL 9615, and in Figs, 6, 7
and 8 for NACA OOM 2,

The pressure distributions for NPL 9415 are plotted for each incidence
in Figs, 9 2 - q. Up to 3° incidence the upper and lower surface distributions
are plotted separately; above this incidence the two @istraibutions are combined
on the szme diagram, Correspondang pressure distrabutions for NACA COM2 are
shown in Figs, 10 a - m, for posztive incidences up to 12°,

Se Some Comparisons

The effest of the profile changes referred tc in Section 2 on the
aerodynamic characteristics of the two scetiors is summarised in Fig. 11. This
figure shows en improvement in the values of CL nax OVeT the whole Mech number

range of the tests and also gives boundaries in the (M, CL) plene for the onset

of a rapid change in pitching moment end for the onset of a rapid rise in drag.
The latter boundaries are not easily defined everywhere, and are only approximate
in their location., In particular, at incidences below 1°, NPL 9615 cxhibits &
pronounced drag creep preceding the more rapad risc, as can be seen at zero 1ift
in the drag comparison of Fig, 12, This figure servcs to emphasize ancther
limitation of Fig. 11. This is tha® the values of Cp, Om and a daffer

1n/

#2030-270 mesh carborundum imnlies grains that were steved through a geuge with 237 wires te the linear inch, but
which were retalned by a gauge with 270 wires to the inch. This fmplies grains that passed through a square
aperture with aide 0.0027 In. {N.062 mm) but not through one with side 0.0023 tn, {0.053 mm).
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in gencral between the twosections et any point on that figure, and also slong
the boundaries: the values mvst be 1vferred from the Tebles, but are shown
1n sore more de*siled ~omparisons whach follow,

NPL 9615 has slightly larger zero-1ift drag than NaCA o012 &t Mech
numbers below dreg rise, (Fig. ﬁ2), though its craitical Mach number for repid
drag rise is marginally greater, and beyond this point its rate of ancrease of
drag is appreciably less, This latter feature occurs also at nen-zero values
of Cr, hoth with respect to increase of Mach number end also with respect to
inereases of CL at constant Msch number, as can be secn from the comparison of

drag polars, Fig., 13.

Drag reductions are obtsined in regions of high drag at 211 Mach numbers,
with both sub-critiecal and super-critical flow, The largest drag reductions are
obtained at Mach numbers between 0,55 and 0,65, a range that covers the tip Mach
mumbers of many helicopter rotors, and at values of CL in the regieca of Gy .o

far NACA OM 2, the seving in drag cen smount to as much as 307, In =uper-critical
flow, a comparison of typical pressure distributions 1s made an Fig. 414 for a Mach
number of 0,6 and a C; wlue of 0,76, (The distrabution for NPL 9615 was
interpoleted between two ohecervations), It will be seen that the profale change
has reduced the velocities in the supersonic region as expected, ard this has
resulted in the desired reducticn in shock sirength, and hence ir wave drag.

The improvements in CL nax and the reductions in the high-drag level

together result in an improvement in the maximum value of the lift/drag ratio
over the whole Mach number range of the comparison, Fig. 15.

The pitching-moment variations wath Mach n.mber are compared in Fig. 16
for angles of 3° and below. On account of its camber, NPL generally shows a
nose-down bias comparsd with that for the symmetrical section: this also shows
up at zero-1lift, Fig, 17. At high Mach numbers, the pitching moments on both
sections change rapidly.

6. Conclusions

A slightly drooped extension with larger radii of curvature at the leadang
edge and on the upper surface has been fitted to NACA 0012, This reduces the
maximum velocitiles in the supersonic region at high Mach numbers and also the
strength of the shock wave that terminates it.

The modification has reduced the thickness/chord ratio from 125 to 11,3,
but a zero-laft pitching-moment coefficient at M = 0,3 of -0,008 has arasen
because of the droop (Fag. 17). The following benefaits have been secured by
the re-design--

L
(Fig. 15) despite the reduction in thickness/chard ratio.

An ancrease in C - of between 0,08 and 0,14 at Mach numbers below 0,65

An increase of about 0.02 in the drag-rise Mach number (Figs. 15, 18).

A reduction of drag in the high-drag region, particularly where supersonic
flow is present, At values of CL in the region of CL max for NACA 012,

the saving in drag can amount to as much as 305 (Fig. 13).

The maximum values of 1lift/drag ratio are increased at all Mach
numbers (Fig, 14).

Conclusions/
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TABLE I

NACA OOM2 CRDINATES

X
s 5 0 :

0 0 20 63,29
0.0005 0.0040 75.5

0,010 0,0056 70

0.0025 0.0087 59.6

0, 0050 0.0122 48,8

0.0075 C.HL9 43.5

0,01 00 0.01 70 39 21 .062
0.0125 0.0189 35.6

0.015 0,0206 2.8

0.02 0.0236 28,6 10,893
0.03 0.0284 £3.4 6.976
0.0% 0.0323 19.5 4,985
0.05 0.0355 16.9 3.845
0,06 0,0383 15,8

0,08 0,0430 11,8

0.40 0.0469 5.6 1.663
Q.12 0,049¢% 7.9

0.1k 0.0524 bk

0.16 0,054 5.2

0.18 0.0560 4.2

.20 0.0574 3.3 0.7
0,225 0.0588 2.3 0. 644,
0.28 0,059 o C.568
0,275 0.0599 0.7 0,505
0,3 0.0600 ¢ 0,452
0,325 0,059¢ -0,6 0,407
0.325 0,0595 117 C.3€8
0.375 0.0583 -1.68

0.4 0,0580 2,13 0, 305
0.425 0,0563 -2,55

C.45 0.0553 ~2,93

0.475 .05k -3,29

0.5 0.0529 -3.61 n.248
0,55 0,0495 =L,1¢

0.6 0,056 =L, 70 0.165
0,65 0,0413 =50k

2.7 0.0366 -5,56 0.138
0,75 0.035 -5,94

0.8 0,0262 -0, 32 0 A
0.85 0.0205 -6, 70

0.9 0.0145 ~7.10 .42
0.95 0.0080 -7.53

1.00 0,00 3 -8,02 0.169
® = ©Surfzce slope, degreses

p = Surface curvature = ¢/R

Leading edge radaus: Ro/c = 1‘/:%) = 0,Mm58




-7 -

TARLE 2

NPI 9645 ORDINATES

x 7 ‘ ‘ x -
® P c c ¢ P c %
90 53.4 0 -0.01 366 ~-6.,320 C.8117 | 0,0247
50 53%.14 |0,00443 | -0,001 55 -6,702 0.8588 | 2.0193
45 32.5 |0,00586 | +0.000M -7.0358 0.9059 | 0,01 %€
40 18 0.00857 | 0,00268 ~7.525 0.9529 | 0,0074
35 11 0.M359 | 0.00649 ~7.750 0.9765 | 0,00L5
22,5 9 0.01726 | 0.00893% -8,020 1.0000 | 0,001 3
30 7.8 [0.02172| 0,014163
28 6.9 [0.02589 [ 0.Mm 3392 LOWER SURFACE
26 6.2 10,03065| 0.01633
24 5.6 [0.03602| 0.01883 -90 0 -0,01 366
22 5.0 10,04209 | 0,02140 -80.5 0,0002 |-0,01600
20 Lo4 10,04905 | 0,02407 -7 0.0008 [-0. 01310
19 4,03 10,05297 | 0,02545 -63,5 0,0019 |-0,02080
18 3.76 10.05723 | 0,02687 -5 0,0033 -0,02300
17 3.49 |0.06483 | 0,02832 11,5 0.0056 !-C,025L0
16 3,22 |0,06682 | 0.02980 -37.5 0,008¢ |-0,02780
15 2,95 |C6,07227 i 0.0 X -27 0,13 ([-0,03010
14 2.68 10.07823 | 0.033706 -20,5 0.1 8L [=0,032L5
13.5 2.545[0,08152 | 0.03365 -15.5 0.023h |-0,03115
13 2,41 |0,08495 [ C,03476 -1 0.0290 {-0.03540
12,5 | 2.275]0.08858 | 0,03528 -9 2.5 |0.03535{-0.03652
12 2.44 (0,092 | 0,03612 - 8.5 | 2,0 0.0388)
11.5 2.005(0,09656 | 0.03698 -8 1.6 0.04330]|-0,03781
11 1.87 0.10098 | 0.03786 - 7.5 {1.15 | 0,04985|-0,03870
10.5 1.735|0.10574 | ©,03876 -7 0,80 0.05900|-0.03986
10 1.60 10,11076| 0.03969 - 6.5 | 0.55 [0.07232 -0,04103
9.5 1.47910,11622 | 0,0L065 -6 0.4.3 0.09030|-0.0431»o
9 1.39]0.12239 | 0,04465 - 5,75 0.447 | 0,10055, =0, 04446
8.5 1.19010,12928 0,04271 - 5.5 0.11098' -0.0L54L7
8 1,085(|0,13688 i 0,0i3% -5 0.1%82{-0,0L473%6
7.5 0,996]0.44520 | 0,0449% - L5 0.15269|-0,04911
7 0.922{0,15403 | 0,0L609 -4 0.17355|~0.05065
6.5 0,85710.16378 | 0.04724 - 3.5 0.1 94441 =0, 05202
6 0.8M [0.174L25 | 0.04838 -3 0.2153%2| -0,05324
5.5 0.752}10.,18544 | 0.04350 - 2.5 0,23624| -0,05422
5 0.709{0.19734} 0.05059 2 0.2571 5{-0,0550L
.5 0.67010,20935| 0,054 64 - 1.5 0.27806{ -0,05568
4 0.637]0.22358 | 0,0526i -1 0.29899{ ~0,05615
3.5 | |0.23700| 0.€5379 - 1.5 0,31 990, -0.05640
3 { |0.25004 | 0.05424 C 0.4171 0, 34090} -0,05650
2.5 [ 0. 26450 0,0549° then as upper surface, with 6 + ve, ¥ - ve,
1,82 | 0,637{0.28333] 0,05565 c
0.66 0.%75 | 0.056k te = 0.113
0 0. 3409 0.0565 Leading edge radius: Ro/e = 1/po = N.01883,
-0,618 0, 3642 0.0564 nith centre at x/c = 0.01883, y/c = =1, M37
-4 ,680 0.41415 0.0554 Prafile is clrcular for LO* of arc on upper
-2.,133 0.43% 0.0546 surface
-2.9% 0.4824 0.0525 Profile joins smoothly with NACA 0012 shape
~3,611 0,5292 0,0498 at x/c = 0.28333 on the uoper surface
4,192 0.5763 0.0466 and at x/c = 0.3409 on the lower surface
-4.696 0,623 0.0430
=5.143 0,6704 0,0389
-5.557 0. 7176 0.03L5




NPL 9615
¥ 0.30 0.35 0.40
a® c,, Cp C, Cp C, C Cp Cp C
-2 1-0,236 |0.0096 | -0,0114 | -0,243 | 0,0099 | ~0,0084 {-0,250 | 0,0102 | -0,0076
—4+ [-04185 | 0.0096 }-0.0098 | =0.19 { 0,009S | -~0.0080 |~0.197 | 0.0101 | -0,0079
- {=-0.13% {0.0097 {-0,0090 | -0.139| 0,0099 | -0,0080 | -0.143 | 0,MO1 | -0.0084
-1 1-0,083 | 0,0099 | -0,0085 | -0,087 { 0.0100 | -0,0081 | =0.090 | n,0102 | -0.0083
0 {-0.0320.0101 |-0,0084 | -0,035{ 0.0102 | -0,0082 | -0,037 | 0.0103 | -0,008%;
1| 0.049 | 0,0404 | -0,0078 | 0,048| 0,0003 | -0,0082 | 0,017 | 0,010% | 0,008
1 0.070 | 0,0106 | -0.0075| 0.07 | 0.010L | -0.0080 | 0.0 | 0.0103 | -0,0084
1% | 0,421 | 0.0407 | -0.0075 | 0,123 | 0,0104 | -0.0080 { 0,125 | 0,102 ! -0,0083
2 0,472 10,0007 [ -0.0075{ 0.4751 0.0103 | -0.0080 | 0,179 | 0.1 02 | -0,0083
25 | 0,223 [ 0.0107 | -0,0075 | 0,228 | 0.010k4 | -0,0080 | 0.233 | 0,0102 | -C.0082
3 0.274 1 0.0106 | =0.0076 | 0.28 | 0.0104 | -0.008% | 0.283 | 00,0103 | -C,0082
2% | 0,326 | 0,0105 | =0,0077 { 0.334| 0.0105| -0,0081 | 0.342 | 0,005 | -0,0082
L 0.377 | 0.0105 | -0.0078 | 0.387) 0,0105| -0,0081 | 0,397 | 0,0106 | -0,0082
LE | 0,429 | 0,010k | -0,0079 | 0.4L0} O, 0106 | -0,0084 | 0,451 | 0,0108{ -0.008
5 0.480 | 0,01C3 | -0,0078 | 0.493| 0,0406 | -0,0081 | 0,506 | 0,0110 | -0.00H
55 | 0.53 {0.04100 | ~0,0064 | 0.546| 0,0405| -0,0080 | 0,561 | 0,0112| -0.0081
6 0,583 | 0,0098 | -0,0048 0.,599) 0.0102 | -0,0078 0.6‘15 0,M13{ -0,0084
65 | 0.635 | 0.,0096 | ~0,0054 | 0.652} 0,101 | =0.0066 | 0,670 | 0.0109 | -0,0070
7 0.687 | 0.0097 | -0.,0070| ©0.706] 0.M00{ -0,0048 | 0.725 | 0.0105 | -0,00L5
751 0.738| 0.0100 | -0,0078| ©0.759] 0.0102| -0,0C48 | 0,78C | 0.0107 | =0,2040
8 0.790 { 0.0105 { -0,0077| 0.812| 0,0106| -0,0051 | 0,834 | 0,0112 | -0.0044
85| 0.844 { 0.0145 ! -0,0064| 0,864 0.0116| =0.0C52 ' 0.888 | 0.0119 | ~0.0046
9, | 0.8% 10,0127 -0,0051 | 0.915| 0.0128 -0,0046 | 0.940 | 0.0129 | -0,0039
9% | 0.93910.,044C | -0,0037| 0.963| 0.0143| -0,003 | 0.988 | C.0145] -0.001 8
10 0,986 | 0.0154 | -0,002¢4 | 1,009 0,0157] -0, 0014 | 41.032 | 0,.0161 | 0,0006
105 | 1,0% | 0,0468 | -0,0006 | 1,053} 0,0172] 0.0006| 1.073 | L.O179{ 0.003L
11 1,074 | 0.0183§ 0.0010( 1.096{ C,.M87] 0,0027| 4.143 | C.™M99| 0.C064
1% | 1,414 0,0199 | 0.0027( 1.134| 0.0207] 0.0050| 1.139 | 0.0224 | 0.0096
12 1.449 | 0.0299 | 0.0CLE| 4.166] 0,0232| 0,0076| 1.15. | 0.02641 0.0129
125 | 4,480 ] 0,024 [ 0,0068| 1.49 | 0,0262] 0,0102| 1.162
13 | 1.207]0,0273! 0,0095| 1,205| 0,0298]{ 00,0112
135 | 1.2230,0307( 0,009
14

TABLE 3 (Contd)/
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TABLE 3 (CCNTD)

NPL 9415
M 0,45 0.50 0,55
o C. l Cy c o Cp C_ Co Cp C,
~2 | -0.257 | 0.0106 | ~0.0080 | -0,264 ) 0.010¢ | =0.0086 | ~0.271 | 0,142 | -0.0097
-1% | -0,202 | 0,040L } -C,0082 | ~0,208 | 0,0106 | ~0,0%88 | =0.213 | 0,0108 | -, 0096
- | =0.147 ] 0.0103 | -C,0085 | =0.151 [ 0.0105} -~0.0082 | 0,155 | G.0105 | -0,0095
-+ | -0.092 10,0103 | -0,0087 | 0,094 | 0.0104 | -0,0090 | 0,096 | 6.0 05 | -0, 0094
o }|~0,03710,003] -0.0088 | -0.037 | 0,010 | ~0,0090 | =0,038 ) 0,M05 | -0,0094
+| 0.018|0.0103 | -0.0087 | 0.012 | C,M 03, -0.0090 | 0.021 | 0,010k | -0,000%
1 0,073 | 0,0402 | -0,0087 | 0,076 | 0,0103} -C.0090 | 0,080} 0,103 -0,0093
151 0.12% |0, 0002 | -0,0086 | 0.133:0.0103| -0,0088 | 0,139 | 0,0¢C3 | -C,00H
2 0.484 ] 0,0102 | -0.0085 | 0,190 | 0.0103 | -0,0087 | 0,498 | 0.0103 | -0,0089
2% | 0.250 [ 0.0102 | -0.008L4 | 0.247 | 0.0102 | -0,0086 | 0,258 {0.0103 | -0.0087
3 0,296 | 0,0103 } ~0.0083 | 0,304 | D,M03 | ~C.0C85 | 0,%7 |0.103 | -0.CO85
3| 0.3%1 [ C.0105 ]| ~0,0083] 0.364 | 0,0105| -C.0083 | 0,376 | C.0105 | -0,0083
4 | 0,407 {0.0106 | -0,0082 | 0.449[0.0107 | -0,0081 | 0,436 , 0.0107 | -0.0080
4t 0,463 ]0,0108 | -0.0080 | 0.476}0C.0t108} -0,0C78 | 0,496 | 0,0109 [ -0.0076
5 0.520 { 0.110 | -0.0078 | 0,534 | 0.0110 | =C.0075 | C,557 [ C.C111 | -0.CO7
55 | 0.576 | 0.0413} -0,0077 | 0.592 10,0143} -0,0074 0.619 { 0,0115 | -0, 0064
6 0,622 | 0.M16 | -0.0075 | 0,650 | C.,0117| -C.206L | 0,682 { 0,014 9 | -0,005%
6% | ©.689 |0o.0120 | -0.0062 | 0.708 | 0,0124 | -0,0084 [ 0,744 | 0.0124 | -0,0040
7 | 0,745 [0.0122 | -C,0047 | 0.767 | 0.,0126 | -0.0%%4 | C.805 ] 0.0430 | -0,0C24
7% ] 0.801 | 0.0123 ] -0,0029 | 0.8250,013C| -0,0033| 0,865 | C.0140 | 0,0003
8 0,857 | 0,0123 ] ~0,0037 | 0,883 | 0,013 -0.0014 | 0,924 [ 0,163 | 0.,0C3
8t 0,912 {0,126 -0.0026 | 0.944 | 0. 01401 C,0M6 | 0,982 10,0201 ; 0.0070
9 0.965 [ 0,0133{ -0.0007 | 0.999 [ 0.0150| C.0049 | 4,038 [0.02M | ©C.01410
9% | 1.013 10,0147 | 0.0022| 1.0L6 0,169, 0.C0B3| 1,068 0,143
10 1,055 | 0,169 | 2.0055| 4.07¢  0,0203| 0,0116 | 1.078 C.1 57
10%| 1,089 | 0.019L | 0.0093 | 1.098 |0.0245| ©,0159
11 1,116 ]0,02251 0,M30, 1.405|0.0%C) 0,0186
1% | 1132 0.0148
12 | 14432 0.0158
12%
13
135
14

™BLE 3 (Contd)/
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TABLE 3 (CONTD)

NPL 961

M 0,60 0.65 0,70
a® ‘L, % Gy °L ®n Ca °L % Cp
-2 | =0.279 | 0.04115 {-0.0116 | -0.290] 0.0123 | -0,0142 | -=0.320 | 0,0153 | -0,0179
—1% | =0,220 | 0.0A410 {=0,0106 | -0,228 | 0.0118 | 20,0118 | =0,244 | 0,0129 | -0,01 33
-1 | =04160 | 0.0106 [-0,0102 | -0.165]| 0.M42 | =0,110 | =0.170 | 0,118 | =0.,0120
-5 | =0,099 { 0.0105 {-0,0100 | 0,401 | 0,07 | -0,106 | =0.403 ] 0,142 | <0, 01415
0 |-0.038[0.0105 |-0,0098 | -0,037 | 0.0106 | ~0,010% | -0,036 | 0,01C8 | -0.0110
1 0,023 | 0.0104 |-0,0097 | 0,026 | 0,0105 | -0, 00| 0.030 | 0,0106 | =0,0,06
1 0,084 | 0.0103 |-0.0095 ! ©,089 | 0.0104 |~0,0097 | 0.096 | 0.010L | -0,04102
1% | 045 [ 0.0103 {-0.0093 { 0.453| 0.0104 {~0,0095{ 0,164 | 0,010L | =0,0099
2 0.207 | 0.0403 {-0,0094 | C.217| 0.010L | -0,0093 | 0.235| 0.M05 | -0, 0094
25| 0,270 | 0.0103 (~0,0088 | 0,284 { 0.0104 | -0,0089 [ 0,308 | 0,106 | -0,0089
3 0.332 | 0.0103 |-0.,0086 | 0.35, | 0,104 | ~0,0085| 0.385} 0,108 | -0,0082
AL 0,394 | 0,05 |-0,0083| Q4191 0,105 {-0,0079 | 0,465} 0,0120 | -0,0076
4 0.456 | 0.0108 |-0,0080 | 0,488 0.0410 |-0,0067 | 0.546 { 0.0169 | -0,0079
4= | 0,520 | 0,0110 |-0,0075 1 0.559 | C.0147 | ~0.,005 | ©,623 10,0240 | -0,0096
5 0,585 | 0.0113 }|~0.0066 | C,633| C.0134 | =0,0034 | 0,691 | 0.0320 | -0,0433
55| 0.652 | 0,0418 |-0,00%1 | 0.712| 0.0169 { -0.0023 | 0,716 0.0 77
6 0,721 | 0.0126 {=0.00% | 0,794 1 0,0227 | =C.07 | 0.719 -0,0219
6% | 0.792 | 00146 |-0,0004 | 0,849 -0,0016

7 0,861 | 0.0184 | 0.0027 1 0.876 -0,0025

7t 1 0,027 | 0,020 | 0.0055 | 0,890

8 0,987 | 0.0307 | 0.0072

8% 1.010

91

9z
10
10z
11
17

12

+2%

13

13z
14

TARIE 3 (Contd)/
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TABIE 3% ( CONCI)

NPL 9615

M 0.75 0.80 0,85

| % Cp Cn ¢ Oy Cn ¢ % Cn
-2 |-0,392 | 0,0166 | -0,0208 | -0.375 | 0,0364 | ~0.0036 | -0,129 -0.0754
-1%j-0.298 | 0,0137 | =0.0199 | -0.%7 | 0.015% | -0,0070 | 0,100 -0,0692
- 1=0,207 | 0,0123 | -0.01 71 [ -0.24 | 0, 0100 | =0.01 24 | =0, 083 -0,0553
-%|-0.117 | 0,0418 | -0.0133 | -0,145 | 0, 0140 | =0,0160 | -C.O7 ~0,0334
0 |-0,035 | 0,0113 | -0,0148 { -0, 019 | 0,048 | 0,019 | -0,063 -0,0114
o082 | 0,0011 | -0.0142 | ©.082 | 0.0465 | -0,0234 | -0,058 +0,0102
1 | 0,418 | 0,0110 { -0.411 | 0,163 (0,0190 | -0,028 | -0,055 0.036
1% 0,195 | 0.04114 | -0.0113 | 0,228 {0,023 | -0.0337

2 | 0.273 | 0.0128 | -0.0819 { 0.27410,0%7 | -0.0366

21}l 0.356 | 0.0169 | -0.0136 | 0.297 -0.0354

3| 0.448 | 0,0244 | -0,0216 | 0,308 -0,0306

35| 0,49k -0,0270

b | 0.%47 -0.0293

L 0.520 -0.0302

51 0.521 -0.0296

5%

6

6%

7

I3

8

8%

9

A

2
10
107
11
%
12
125
13
13%
14
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TABLE
NACA OO\2
M 0,30 0.35 0.40
C

@ 10 Cp Ca ¢y, Cp Cp ‘L Cn m
-2
-3
._1

__1_

2

o lo.o 23,0103 | 0.0004 | 0.0 0.0103 [ 0,0005 | 0.0 0.0103% | 0.0006
110,050 | 0.,0103|0.0004 | 0.051 | 0.0103 {0.0005 | 0.053 [ 0,102 | 0.0C06
1+ [0.401 | 0.0103]0.0004 | 0.403 | 0.0103 | 0,0005 | 0,406 | 0.0103 | 0,0007
15104152 | 0.0103 { 0,0005 | 0,458 | 0,103 {0,0006 | 0.460 | 0.0103 { 0.0008
2 lo.204 | 0,0104 §0,0007 | 0,208 | C,0104 [0,0007 | 0,213 | 0, 0004 | C,0009
2% 10,255 | 0,0104 { 0,0009 | 0.260 | 0.0104 | 0,000 | 0,266 | 0,010 | 0,0012
3 10,306 | 0,0106 {0,012 | 0, %12 | 0.0106 |O,00M3 | 0.320 | O,.M06 | 0.001 4
3% 10,358 J0,0407 0,015 0.366 | 0,0107 [0,0016 | 0.375 | 0.0108 | 0,0017
4 10409 | 0,0409 ] 0,019 ] 0149 | 0.0109 [0,0020 | G430 | 0,140 [ 0.0024
4L [ 0,460 | 00140 | 0,0025 ] 0.472 | G144 [0,0026 | 0,486 | 0,0412 | 0,0028
5 [0,508 | C.0114  0,0033 { 0.523 { 0.0113 |0.,003% | 0,538 | 0.0415 | 0.0035
55 10,555 | o0,0111 | 0.0044 | 0,568 | 0.0114 |0,0042 | 0,585 | 0,0146 | 0,00L5
6 {0,602 !0,0111 | 0,0048 | 0,696 | 0.0114 [0.0050 | 0.630 | 0.0117 | 0.0056
65 10.656 | 0.01920.,0056 | 0.667 | 0.0114 {0.0059 | 0.684 | 0,0447 | 0.0066
7 (0,709 [ 0.0144 10,0063 | 0,722 | 20,0146 [0,0067 | 0.740 | 0.0118 | 0.0076
75 10,765 | 0.0122 | 0.0070 | 0.777 | 0.0124 {0,0075 | 0,796 | 0,0126 | 0,0087
8 |0.849 | C.0133]0,0077 | 0.83% { 0,135 {0,008, | 0,852 } 0,138 | 0,0C98
8% [0.874 | 0.0147 | 0.0085 { 0,888 | 0,0150 {0,0092 | 0,904k ! 0,0153 | 0.0109
9 0,928 [ 0.0162(0,0084 | 0.940 | O.M165 {N,008% | 0.955 ) 0,70 | 0.1 23
9% {0.979 | 0.017710.0099 | 0.988 | 0.8 |0.0112 | 0,998 | 0,019t | 0,0138
10 |4.020 | 0,0193{0.0407 | 41.024 | 0,0200 }0.0426 | 41.033 | 0,028 | 0,0159
10% 14,056 {0,092 |0,0116 | 1.0%6 0,46 | 4.060 0,085
11 11.090 |0,0233]|0.0125 | 4,087 0.0169 | 1.080 0,020k
1% [1.420 | 0,0259 | 0,135 | 4,106
12 11.144 J 0,024 1 O.0ML9 | 4,000

12%
13
13%
14

TABLE 4 (Covtd)/
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TABLE L4 {CONTD)
NACA 0012

M 0.45 050 C.5h%

=] C !

o L C Cn °L % Cn °y % ¢y

-2 |

1% |

-.1

1
2 |

0 |o0.0 0.0102 | 0.0007 | 0,0 0.1 ™M | 0.0008 | 0,0 0,100 | 0,0009
2008 | o.0102 ] 0,0007 | 0,056 { C.0101 | 0.0009 0,058 | 0,100 | 0,001
1 10,4081 0,00102 10,0009 | 0,412 , 0,011 | 0,01 | C.116 | 0.04101 | 0.001 L
1% 10464 1 0.0102 | 0,610 | 0,167 | 0.0102 1 0.0n3 | 0174 | 0.0102 ] 0,017
2 |c.218 ] c,;m03 | 0.,0012 | 0,225 | 0.0102 | C.0OM6 | 0,23 | 0.0103 | 0,002
ok |c.273 | o.010% | 0,001, | 0.283 | o.0104 L 0. 0009 | 0,295 | 0.0105 | 0.0026
3 0,33 | 0.0107 | 0,017 | 0,342 | 0.M07 | 0.0022 | 0.356 | 0.0107 | 0.C030
3F 10,387 | 0.0109] 0,09 | 0.399 | 0.0110 | C,0026 | C.416 | 0,0410 , 0.2035
L | 0,43 | 0,0141 | 0.0024 | 0,458 | 0.1+ 31 0,003 | 0,478 | 0,00113 | 0,0045
45 10,500 | 0,014 | 0.0030 | 0,518 | C.0146 ] 0.0037 | C.540 { C.0147 | 0.0054
5 [0.557 | 0.0116]0.0039 | 0.578 | 0.0120 | 00045 | ©.602 | 0.0123 | 0,0068
55 [ 0.604 | 0.m18]0.0050 | C.6% | 0,0124]0,0059 | 0,662 | 0,0130 | 0,0090
6 0.652 ) o.m20|0.0063 | 0,68, | 0.n28]0.,0077 | 0.723 | 0.0139 | 0,004
6% | 0.706 | 0.0122 | 00,0077 | 0.7% | 0.0132]0,0098 | 0,783 | 0.0154 | 0,014
7 10761 | 0,024 ] 0,0092 | 0,790 | C.0132 0,249 | 0,840 [ 0,0174 | 0, 0169
7% | 0816 | 0.01331 0.0106 | 0,848 | 0,015 | 0,0142 | 0.8 | 0.0205 | 0,0200
8 |0.871 | 0.0146{0.m20 | 0.899 | 0.4 7h | 0,067 | 0.938 | 0,076C | ¢,0225
8% [ 0.92s | 0.0166 ) 0.139 | 0.943 | C.0246 | 0.0197 | 0,900 | 0,038 ! 0,016k
9 ]0.973 | 0,192 0.0162 | 0.967 | 0,0300] 0,0232 | 0,844 -0,0022
9t | 1.00k4 0.0190 | 0.935 0.0114

101 1.3 €,0228 | 0.845 0.0 2

103

1

1z

12

12% |

13

137

14

TABLE 4 {Contd)/
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TABLE 4 (CONTD)

SR

T Ohin
ST ST

-J
NJ-“ ml_n
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O OO 0 o]

-

—
A

P T Y ¥
Ny = —
o=

Y

}

-
[pe]
P

P N . 9
'F-k,fi‘-"

NACA OMm2
0,60 0.65 C.70
- |
oL Cy & °L “D % ‘L % ¢y
0.0 0.M00 [ 0.0 (0,0 0.0400 | c.0M4 | 0.0 0.0 0.00n2
t1 0,060 |0,0100 0,003 | 0,063 | 0,0001 | 0.0046 | 0.068 [ C.0102 | 0,019
1 {0420 {0,011 {0,0m7 | 0,428 | 0,002 | 0,0024 | 0.138 | 0.0103 | 0.0025
1—15 0,182 0.0102 | 0,0022 GC.193 0, 0103 [ 0,0027 10.243 0.1 0L 0,003,
2 G245 0,0103 10,0028 | 0,260 G, 0104 | 0.0036 [ 0,288 0.0106 0,00

0.309 | 0.0106 | 0,003% | 0.328 | 0,0407 { 0,0046 | 0,366 | 0.0114 | ©0.0055
0,373 | 0.0108 | C,004 |} 0.397 | 0.0441 [ 0,0058 0,442 | 0.0135 | 0,0068
0439 | 0,041C 10,0052 | 0,470 | 0.0146 | 0,0072 | 0.547 | 0,175 | 0.0075
C.504 | 0,014 | 0,006k | 0,542 | 0.0123 {0.,0085 10,593 | 0.0245 | C,0068

0,569 {0,119 | 0,0081 (0.646 { 0.0151 | 0.0099 | 0.648 0,00k
Q.63 C.NZ27T | 0. 0Ok 0.6 0.,0209 | 0.0116 | 0,672 0.000L
0,700 { 0.0150 [ 0,013 | 0.752 | 0.0275 | 0.0135 | 0.667 -0.00L6
0,764 | 0,0184 | 0,158 | 0,796 | 0.0356 |0,0146 | 0,657 -0,0095

0,826 | 0.0230}|0.0190 | 0,805 | 0.,0L75 10. 02
0.882 |0,0293| 0,017 { 0.780 | 0.0679 { G0N L

0.876 | 0.03% | O
0.836 0,0048

TABIE 4 (Contd)/




TARTE 4 (CONCL)

- 15 =

NACA _0Mm2
M 0.75 0.80 0.85
c
© | G Cp C. C; C, c_ ¢ D C_
-2
_1-12—
-4
-1
2
0 |0.001 | 0.07104} C.0015 | 0.005 [0.0176} 0,08 [0.013 -0, 0009
31 0.080] C,0107) 0.0024 | 0, 00 }0.0200 [ -0,0054 | 0.020 +0.014
4 ] 4601 0.,0140} 0.00% | 0,201 |0.0255|-0,012C | 0.020 0.040
1% ] 0,24 0.0418] 0.0C22 | 0,265 | 040370 | ~0.0169
2 10,328 0 0170{-0.0004 | 0.275 -0.0208
251 0.408 -0,0037
3 | 0..82 -0,0078
3% 0.500 -0, 21
4 | 0,500 -0.01 66
bW
51
5z
6
6%
7
72
8 .
8%
91
92
10
103
11,
Mz
12
12%
13
132
14

EM
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November, 1968
Gregory, N. and Wilby, P. Q.

NPL 9615 AND NACA 0012 -
A COMPARISON OF AERODYNAMIC DATA

Ordinates, surface slopes and curvatures are
listed for the two aerofoils together with a detailed
tabulation of 1lift, drag and pitching moment data
obtained at Mach numbers between 0,3 and 0.85 in the NPL
36 in. = 1% in. transonic tunnel. The aerodynamic
characteristics and all the pressure distribution are
plotted, with some comparisons.
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characteristics and all the pressure distribution are
plotted, with some comparisons.
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