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© SUMMARY

According to Mr. L. D. Bell, of the Consolidated Air-
craft Corporation, certain undesirable splinning character-
istics of & commercial airplaie were eliminated by the ad-
dition of & filler to the forward part of the wing to give
it a sharp leading edge. To ascertain what aerodynamic ef-
fects reaplt from such g change of section, two ‘airfoils
having sharp leading edges were tested in the varlable—"'
density wind tunnel. ~ Both sections were derived by modifyu
ing the thtﬁ 398. The tests, which were made at a 1arge'
value of .the Reynolds Number, were carried to very 1arge_'
angles of attack to provide data for application to flight
at angles of attack well beyond the stall. .

) The characteristics of the sharp—nosed airfoils are
comp&red with those of the normal Gott. 398 airfoil. Both
of the sharp-nosed airfoils, which differ in the angle be~
tween the upper and lower surfaces at the leading edge,
have about the same characteristics. As compared with the
normal airfoill, the maximum 1ift is reduced by approximate-
ly 26 per cent, but the objectionable rapidly decreasing
1ift with angle of attack beyond the stall is eliminated;
the profile drag of the section 1s slightly reduced in the
range .of the 1ift coefficient between 0.2 and 0.85, but at
higher and lower 1ift coefficients the drag is increased.

- INTRODUCTION.

"According to Mr. L. D. Bell of the Consolidated Air-
craft Corporation, certain undeslrable spinning character-
istics of & commercial plane were eliminated by the ad-
dition of a filler to the forward part of the wing to give
it a.sharp leadirg edge, the -modification having been first
suggested to him. by the effects of a destit of ice. Ac-~.
cordingly, Lt. Gomdr. Diehl, “through ‘the Bureau of Aero-
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nautics, Navy Department, requested the National Advisory
Committee for Aeronsutics tbo investigate,: by tests in the
variable~density wind tunnel the characteristics of two
such modifications of -the Gott. -398 airfoil. The tests

were made in Ngvember, 198l.' The resulte are presented

in this note together with the results of a test of the

normal GOtt. 398 airfodl for comparigon. - N

Attention is also cdlled to0 another investigation of
the effects of nose shape, the results of which have re-
cently been published (reference 3), consisting of tests
in the variable-~density wind 'tunnel of nine symmetrical
airfoils having different leading edge radii.

Modela c3¢¢f>1) . ‘; : e

The section Ghtt. 398-4 was derived from the GBtt. 398
section by fairing. new upper and .lower surface curves fron
a point 1-per-cent of .the-chord forward of the origingl
‘leading edge  into the original surface curves. The Gott
398~B was - similarily derived except that the leading-edge
point was taken 2 per cent of the chord forward of the
original leading edge.  The- resultlng noge forms are shown
in Pigure 1 after the.sections -have been scaled back to the
same chord. The profile forms and tables of ordinates are
also given -in Figures 3 and.4. The models that were built
for the tests.-were the usuval. b by 30 inch duralumin air-
foile made 4s described in reference 1. ' :

L PR
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The airfoils were tested in the usual manner as de-
scribed in. reference 1 except that thé angle of attack
range was extended to 80° in order to investigate the
characteristics of the airfoils beyond the stall. The
tests were made at a Reynolds Number of approximately
3,000,000, which is roughly the value reached in flight by
the usual airplane flying near its minimum speed.

- Results and biecudeidn é;ﬂ?ﬁ‘D‘
: The results are presented in the standard graphical .
form by means -0f twe plots for each airfoil. (see figs. 2
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to 7.) 'Tn the firsf plot the 1ift coeffidient Oy, drag
coefficient Cp, the L/D ratio, and the center of pressure
are plotted against angle of attack q. These results have
been corrected. for the effects of the tunnel walls by.the
method described in reference 2 so that they represent the
chargcteristics of rectangular wings of asped¢t ratio G..:
The second, the infinite-asspect-ratio plot, presents the
results reduced by the method described in reference 2 to
infinite aspect ratlo. The profile-drag coefficient Cp,,
the angle of attack for infinite aspect ratio-oy, and the
coefficient of moment about a point one-quarter of the
chord behind the leading .edge G é are plotted against
the 1ift coefficient as the indepe 3ent variadble,

- Effects -oft the nose modification. -+ Referring to Fig-
ure 8, it may  be:seen that the modifications have little-
effect on the slope of the 1if%t -curve .or on the 1ift in ‘the
gngle~ofmattack range corresponding-to low profile-drag co-
efficiénts, "However, the 1ift curves for the sharp-nosed
eirfoiles remain straight over a smaller range of angles of
attack, 'The maximum 1ift coefficient is‘:reduced by. approxi-

~-mately 26 per cent by either modification, and the- rapid
loss of 1ift beyond . the maximum is elimlnated.

The ° effects of the modlflcatlons on - the profile—drag
~coefficient may be seen -from Figure 9. The effect of change
ing to either form of sharp nose is.%0 reduce the minimum
profile~drag coefficient by approximately 8 per cent, and
to cause the minimum profile drag to occur at a higher value
of the lift coefficient. "'The sec¢tion having the finest nose,
however, shows a particularly rapid increase of drag for
1if§ coefficients below that for minimum profile drag. If
a Gott. 398 wing were replaced.by one .ef this type some
-loss of high speed might result; particularly if a larger
wing were used to compensate for ‘the lower maximum-1ift co-
efficient. It should :be noted that these results could have
- beén predicted in a2 general way from the earlier ‘investi-
.gation of the effects of rose shape reported in reference 3.

The effscts.-of the nose modlfications on the pltchlng—
monment characteristics may be studied by referring to the
c.p. -and moment curves in. Figures 2 to 7.0or to the. follow—
ing table: . .
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. Airfoil - .. Gbtt.398 GBt%.398-4 GBtt 398-B
Most forward c.p,‘(per.- s - ‘-,M" _ o
cent chord) - " .30 3l .. 31
c.pv at 1/4 6L max (per : L
.cent chord) . _ - 46 . .55 . . B5
c. p. travel {(rer cent. : . S _
chord) chord - : - 16 24 . 7 24
Cp - - - . .. -0.083 . -0.087 . .-0.090
o : . N ' . - ' . -

‘Spinning tendencleg. —~ Curves of normal-force coef-
ficlient against angle of atteck have been used (reference
. 4) to indicate the spinning tendencles of a wing. Such
curves for the two sharp-nosed airfoils are compared with
the cerresponding curve for the Gbtt. 398 airfoil in Fig-
ure 10.- It is evident from .these that, as compared with,
the normal airfoil, the sharp~nosed ailrfoils have charac—
teristics that give the normal-force curves .a smaller nega-—
tive slope and a smaller total drop for angles of attack
bPeyond the first maximum, indicating a smaller degree of
instability in roll about the longitudinal gxis 1in.-the
plane of symmetry and a reduced - tendency to davelop 8 v.io-
lent or dangerous spin. B L Ca et

CONCLUSIOHS

Both sharp-nosed airfoils have about the same charac~
teristics. As compared with the normal airfoil, the maxi-
mum 1ift ig reduced by approximately 26 per cent, but the
objectionable rapidly decreasing 1ift with angle of attack
beyond the stall is elimingted; the profilé drag is slight-
ly reduced in the range -0of the 11ft. coefficient between 0.2
and 0.85, but at higher and lower 1lift coefficients the
drag is increased. TFor practical purposes the Gbtt. 398-4,
"thHe section having the blunter angle at the nose, is proba—
-bly preferable to the GHtt, 398-B because the profile drag
increases less rapldly as the angle of attack departs from
that for minimum profile drag.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Pield, Vg., November 25, 1931,
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Dotted lines ipdicate method of deriving modified sections
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Fig. 1 Nose forms for normal and sharp-nosed airfoils


http://www.abbottaerospace.com/technical-library

Center of pregsure,per cent

60

80

100

by
Neme of section:Gott.398 Sige S"x30M
R.N. 3,090,000 Vel.:70.0 £t./sec. 3/18/71
Preoss. gtend, atm,:20.3 v.D.T. 624
Regulte corrsected to AR. 6 in free air

20"

(-_\

0 20
Per cent chord

40 B0 80 100

Angle of attack,o

Fig.2 @6%ttingen 398

s ] 1 L B I |
Sta. Up'r Iw!r Sta, Up'r ILw!n
| 0 3.74 3,74 40 13.%4 17
1.25 6.2 1.89 50 12,27 .27
| 2.50 7.40 1.28 60 10.63 .33
5.0 9.17 .69 WO  8.53 .38
7.5 10.3 .35 80 &.12 .2
C10 1125 .18 %0 540 13T TR 1
15  12.5% .03 95  1.92 .06 Y
- 20. 13.34 .00 100 W40, N 1
3 13.80 .05 ﬁl. N
/ - 1
L
P e
20 = 1
2 *‘k\\ +
] A;> L
W16 - :
i /D e
A K /
812 / “\ /
& 4 \/r
- 8 AN
[ +
Y 4 / — atl
o : Ji L D
EL] 0 + y ——
a 1
i /
~18° 80 0° g? 16° 249 320 40° 48°

.8

Lift coefficient, CL

T S - )
Drag coei‘ficient,GD

.
)

OT7"ON °30N TE¥OTUIOeL ¥ D 'V'N



http://www.abbottaerospace.com/technical-library

Center of pressure,per cent

80

80

10Q

Ratic of 1ift to drag,L/D

il

Angle of sttack ,a
Fig.3 Gottingen 398 A

Neme of section:Gott.3988  Slze:5"x30" l/\
R.N. 3,190,000 Vel.:68.6 ft.fsec. 10/31/31 ST
Pregs, stand. atm.: 20.9 v.D.7. 713 2 40 tsc?ho 80 100
Results corrected to lA.E..IS 11} fre:a elr Fexr clen rd e
Sta, Up'r Iw'r Sta. Up't Iw'r +,//
0 3.46 3.46 20 13,66 .04 e
1.25 5.00 2.50 40 13.25 .15
2.50 6.43 1.73 50 12.23 .27 )
5.0 B.48 .84 60 10.62 .32 /,/’
7.5 9,87 .48 70 B,5. .36 A
10 10.85 .24 80 6.13 .28 V4
15 12.23 .06 90 2.40 .12 /,/’
20 13.09 .00 96 1.91 .06~ 1.4
100 .40 .00 J////
1.2
. g :""v o-._____' / !
f\xjji’% “?‘::x{__ 1.0
v i Cy, +/ s T
7 S 7 - g .8
! VAN =
15- n il - .6
AR NV
/ ™
8l— < A
4 / /’+‘/+ \‘\._ 13
!{ +/'+ GD '-—.___
+—L bt -+t 0
O.
-8° o° g0 16° 240 320 400 480 560

1.1

1.0

.6

Lift coefficlent,Cf

Drag coefficlent,Cp

9T¥'ON 30N TeoTuqoel "¥*'D'V i

e ITd



http://www.abbottaerospace.com/technical-library

8

5
Betlo of 1ift to drag,L/D

]
o

Center of pressure,per cent
(v 3]
o

e
8

8 ¥

=

ol

Yame of section: Gtt.398B Size:5"

R.N. 3,270,000 Vel.:67.6 £4./ sec.
v.D.T. 714

Pregs. stand. atm. 21.2
Regultg corrected to A.R. 6 in free air

x30"
11/2/31

!

—

0 20 40 6

Per cent c'd.

Fig.4 Gottingen 398 B

Angle of attack,«

R S A R L ¥
4

sta. Up'r ILw!r Sta. Up'r Iw'r

0 3.20 3.20 40 13.17 .15

1.25 4.44 2.60 50 1217 .26 | | A
—— 5.50 5.64 2.0&4 60 10.57 .33 v

5.0 7.771.09 70  8.49 .34 W
w5 9.35 .56 80  6.09 .27 Ve —

10 11.43 .29 9  3.37 .12 ///-
|35 11.9& .67 95 1.91 .06

20 12.87 .00 100 A0 .00 /,/’

30 ,13.51 .03 | i »

LD zazi —OT— L
b AT
F Ao = T
NNV ¥ A P Tbeal
) \ 0]

IS / o
2 -4

/ NS
B /1 3\ +/

+
4 / /J/ ‘+/ \
—
+/+c]) |
e T 1
ozttt
R

—8% 0° ¢ 16° 240 3P 40° 48° 56°

0 80 100

1.4

1.2

1.0

.8

-6

W4

1.1

1.0

Lift coefficient,Cr,

Drag coefficient,Cy

#

9T%'OH 830N TeOTUEeL ' V'O'V'H

¥ 31L


http://www.abbottaerospace.com/technical-library

N.L.C.A. Technical Hote No.416 Fig.

1.0
[ tlo
=]
o -~
= 0.8 320 W
g <
5 28 3
_U l ol
o 20° 3
é G
0
( *') 0.4 16 '§
@« 2
~ 2
& 7 120 ®
3 vy A 8
o 0
0.2 — 8 o
[ O """V—//j/’ ° 40 ao
ot— S / Q°
. Y oot TEMAL Z i I NS el x X | _40
9 ’-"'1 ’ “ /x, '-.
qot.: / . —x—/
O
o ~l2 "'8
g
Q T~
B O
%05 "'.2 O n2 -4 06 08 1.0 1.2 1.4 1.6
Lift coefficient,Cy,
Name of section: GG&tt. 398 R.N.: 3,080,000

Date: 3/18/31, Where tested: L.M.A.L., V.D.T.:524

Fig. 5 G38tt. 398 Infinite A.R. characteristics.
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