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THE STATTC LONGITUDINAL CHARACTERISTICS OF A TWISTED
AND CAMBERED 45° SWEPTBACK WING AT MACH
NUMBERS UP TO 0.96

By Robert I. Sammonds and Robert M, Reynolds
SUMMARY

A 45° sweptback wing of aspect ratio 3, having twist and a distributed
type of camber, was tested in combination with a body of fineness ratio
12.5 to determine the 1i1ft, drag, and pitching-moment characteristics.

The tests were made at Mach numbers up to 0.96 gt a Reynolds number of
1.5 miliion, and at Reynolds numbers up to 8 million at a Mach number of
0.22. The tests were conducted both with and without roughness strips
near the leading edge of both the upper and lower surfaces of the wing.
Comparisons have been made of these data with previously published data
for a conically cawbered wing having identical plan form end thickness.

The anticipated gains in meximum 1ift-drag ratioc at high subsonic
Msch numbers due to the use of a distributed type of camber rather than
one concentrated near the wing leading edge (conical camber) were not
reglized. The maximum 1lift-drag ratios for the two wing-body combina-
tions, with roughness, were nearly the same throughout the range of these
tests.

The zero-lift pitching-moment coefficlents for the distributed camber
wing were more negative than those for the conically cambered wing. This
difference in zero-lift piltching moment for the two wing-body combinations
would be expected to result in drag penslties in the trimmed condition that
would have an adverse effect on the lift-drag ratios for a complete model
having this particular camber and twlist distribution.

INTRODUCTION

Tn order to lncrease the range of airplanes incorporating sweptback
wings, attempts have been made to reduce the drag due to 1ift of the wing
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by employlng various types of camber. A conlcal type of camber ( camber
concentrated near the wing leading edge, as suggested in ref, 1) wes
successfully used in reference 2 on a 45° sweptback wing of aspect
ratio 3. .

Section data presented in reference 3 indicate that improvements in
1lift-drag ratio may be obtained at high subsonic Mach numbers by a more
uniform chordwise distributlion of camber rather than concentrating it near
the leading edge as for the conical type of camber. However, both refer-

ences 3 and 4 show that a rearward distribution of camber results in an
" incressed negative piltching moment at zero 1ift which usually increases
the trim drag. This zero-lift pitching moment may be avolded by a judi-
cious choice of the spanwise variation of wing twist and by the spanwlse
variation of the smount and type of camber. -

: The present investigation was undertaken to evaluate a more uniform

chordwise distribution of camber for a swept wing than 1s entalled with
conlcal cember. The wing, which was tested in conjunction with a body of
' fineness ratio 12.5, had an aspect ratlio of 3, a taper ratio of O. k, and
450 gweepback of the leading edge. The camber of the wing was Varied
spanwlse and the wing was twisted -5° from the root to the tip to reduce
the pitching moments &t zero 1lift.

The tests were conducted in the Ames 12-foot pressure wind tunnel
at Mach numbers from 0.60 to 0.96 at a Reynolds mumber of 1.5 million,
and for Reynolds nuibers from 3 to 8 million at a Mach number of 0.22.

" The tests were cohducted both with and without roughness strips near the
. leading edge of both the upper and lower surfaces of the wing. The wing-
. body combingtion tested is identlcal in projected plan form to that
reported in reference 2. Comparisons have been made of the data of the
present investigation with simllar data presented in reference 2 for a

+ conlecally cambered wing having a design 1ift coefficient of 0.22.

NOTATION
2
;A aspect ratio, g
b wing span
ICD drag coefficient, Qig&
'CDO drag coefficient at zero 1ift
ICL 1ift coefficient, ;égi

Crg design lift coefficlent at design Mach number of 1.0
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pitching moment

Cm pitching-moment coefficient, , referred to an axis

gsSc
through the quarter point of the mean aerodynamic chord

Cmo pitching-moment coefficient at zero 1ift
] local wing chord

b/a

f c2dy

_ (o}
c mean aerodynsmic chord of wing, ————

b/2
[
o

L.E.R. leading-edge radius

= lift-drag ratio
(%) meximm lift-drag ratio
max

A over-all length of baslc body
M free-stream Mach mumber

free~-stream dynamic pressure

R Reynolds nunber based on wing mean aerodynemic chord
r local radius of body

Tq maximum radius of body

S wing area

X,¥ 52 Cartesian coordinstes in streamwise, spanwlse, and vertical
directions, respectively

%I’- rate of change of 1ift coefficient with angle of attack, Cp, = O
(o3 ) - . .

9Cnm rate of change of pitching-moment coefficient with 1ift coeffi-
dCr, clent, Cr, = O

a angle of attack
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€ - angle of twist

n fraction of wing spen, -
b/2
Subscripts
1 lower surface of wing
u upper surface of wWing
LER leading-edge radius
MODET,

The model consisted of a sweptback wing mounted in the midwing
position on & streamline body of revolution. The wing had an aspect
ratio of 3, a leading-edge sweepback of 45°, a taper ratioc of 0.40, and
a maximum thickness of approximately 5 percent in streamwise planes. A
sketch of the projected plan form of the model, showing the basic model
dimensions, is presented in figure 1. Figure 1 gives the equation of the
Sears-Haack body coordinates (designed to have minimm wave drag for
glven volume) and shows the cutoff at the rear of the body to accommodate
the sting and the four-component strain-gage balance used to measure the
forces and moments.

The wing consisted of NACA 6LA006 sections perpendicular to the
guarter-chord line of the swept airfoll sections with a leadlng-edge
modification consisting of an increaese in the nose radii as shown in
Pigure 2. This leading-edge modification i1s identical to that used for
the wings reported in reference 2,

. The central portion of the wing (38.26 to 70.T1 percent of the
semispan) was cambered on the bagis of an a = 0.8 (modified) mean line
and a design 1ift ccefficient of Q.2. To alleviate the large negative
zero-11ift pltching moments resulting from the use of this type mean line,
two steps were taken: +the root and tip sections of the wing were cambered
using one-third of an NACA 230 mean line (design 1ift coefficient of 0.1)
and the wing was twisted =5° (see fig. 3) from root to tip. The wing was
smoothly faired between the root and 38.26 percemt of the semispan end
between TO.T1l percent of the semispan and the tip in order to avold any
abrupt discontinulties in the wing surface due to the differehces in cam-
ber. This effectively results in some intermediate type of canmber between
the O and 38.26 percent stations and between the T0.71l and 100 percent
stations. The resultant thecretical zero-lift pitching-moment coefficient
for this wing was estimated to be approximately -0.0l at low speeds.

_

NI

o hp
-:.rlll.
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The cooxrdinates for the cémbered “wing, based on the projected plan-
form chord, are given in table I.

TESTS AND FPROCEDURES

The 1ift, drag, and pltching-moment characteristics of the 450
sweptback wing were determined for a range of sngles of attack for
Reynolds numbers of 3, 6, and 8 million at a Mach number of 0.22, for
Reynolds numbers of 1.5 and 2.83 million at a Mach number of 0.60, and
for Mach rnumbers from 0.80 to 0.96 at a Reynolds number of 1.5 million.

These tests were conducted both with and without roughness strips
placed slong conical rays near the leading edge of both the upper and
lower surfaces of the wing (see fig. 1). These roughness strips con-
sisted of number 60 Carborundum grit imbedded in Vuleslock.

CORRECTIONS TO DATA

The data presented herein have been reduced to standard NACA
coefficient form. The pitching-moment coefficients are referred to an
axis through the quarter point of the mean aerodynamic chord.

The drag coefficient snd angle of attack have been corrected by the
method of reference 5 for the induced effects of the tunnel walls result-
ing from 1ift on the model. The following corrections were added to the
megsured velues:

Ha

ACp

The induced. effects of the tunnel walls on the pitching moment were
caleculated and found to be negligible.

0.16 Cy,, deg

0.00279 Cp2

1

Corrections were also spplied to the data to take account of the
constriction (blockage) effects of the tunnel walls (ref. 6) and the
inclination of the tunnel air stream. At a Mach number of 0.90, the
blockage correction amounted to an increase of less then 1 percent in
the messured velues of Mach number and dynemic pressure. The correction
for the air-stream inclination was 0.1° for all test conditions.

The drag data were adjusted to correspond to a base pressure equal
to free-stream static pressure.
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RESULTS AND DISCUSSICN

The 1lift, drag, asnd pitching-moment data for the wing-body combina-
tion, both w1th and without roughness strips near the leading edge of
both the upper and lower surfaces of the wing, are presented in figures 4
to 6 In figure 4, the drag dats have been presented in the Fform

(CrB/mh) for plotting convenience. The variation of the total drag
coefficient (CD) with Reynolds number and Mach number for constant 1ift .
coefficients 1s shown in figures T and 8, respectively. Included in
figures 7 and 8 are comparable date from reference 2 for a conically
cambered wing having a design 11ft coefficient of 0.22 at a design Mach
number of 1.0. The lift-drag ratios for the wing-body combination of
this investigation, both with and without roughnese strips, are presented
in flgures 9 and 10. The maximum 1lift-dreg ratios and the 1ift coeffi-
cients for maxlmum lift-drag ratio are presented in figures 11 and 12 as
a function of Reynolds nunmber and Mach number, respectively. Also
included in flgures 11 and 12 are comparsble data for the conically cam-
bered (CLd = 0.22) wing of reference 2 and for the theoretical conditions
of full leading-edge suction and no leading-edge suction. The zero-lift
pitching-moment coefficlents and the slopes of the 11ft and pitching-
moment curves, near zero lift, are presented in figures 13 and 14 as a
function of Reynolds number and Mach number, respectively, for both
cambered wings.

At the low Reynolds numbers of this investigation and with aerody-
namically smooth surfaces, the boundary layer on the model at Q% angle
of attack would probably be lsrgely lasminar. As a result, “slzable changes
in skin friction would result from a forward chordwise shift in the reglon
of boundary-layer transition with increasing angle of attack. In order to
reduce the changes in skin frictlon on the model due to 1ift coefficient
and Reynolds number, an effort was made to fix the location of the )
boundary-layer transition by placing roughness strips along conlcal reys
near the leading edge of both the upper and lower surfaces of the wing.
Although no attempt was made to determine whether or not the roughness
strips actually fixed transition near the wing leading edge, it is felt
that dats for the wing with roughness are more nearly representative of

full-scele conditions.

Comparlison of the results of thils investigation with those for the
wing of identical plan form and thickness ratio but incorporating a con-
ical type of camber (CLd = 0.22, ref. 2) shows that with roughness added

" 1The formulas used to estimate the drag coefficients for the theoretical
conditions of full leading-edge suction (elliptic loading) and no leading-

cL2

respective
Ty chL/da,)57.3’ pe ¥,
vhere Cp, is the drag at zero 1ift of the plane (uncambered) wing
obtained from reference 2.

edge suction are Cp = CDO and Cp =
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(near the wing leading edge) the maximum 1ift-drag ratios (figs. 11 end 12)
were nearly the same for both wing-body combinations. Thus, the antici-
pated gains in maximum 1ift-drag ratio at high subsonic Mach numbers due
to the use of & distributed type of camber rather than one concentrated
near the wing leading edge were not realized. It should be noted, how-
ever, that the design 1ift coefficient (ch) for the distributed camber
wing is somewhat smaller than thet for the canically cambered wing. As
was anticipated, the wing with distributed camber had larger negative
pitching moments at zero 1ift than did the conically carbered wing, and
for this very reason it is doubtful whether larger amounts of distributed
camber would be acceptable. It can be seen from flgures 13 and 1k that
the zero-lift pitching-moment coefficients varied from -0.013 to -0.037
for the wing with distributed cesmber and from -0.003 to -0.015 for the
wing with conical camber. As a result of this difference in the zero-
1ift pitching moments for the two wing-body combinations, it would be
expected that the wing with distributed camber when trimmed would have
additional drag penalties that would have an adverse effect on the 1ift-
drag ratios for a complete model having this particular camber and twist
distribution.

The drag data presented in figures 7 and 8 show that the differences
in dreg for the two wing-body combinations were gemerally small for the
highest Reynolds number of figure 7 and for the Mach nunber range of
figure 8.

The 1ift and pitching-moment data presented in Pigures 13 and 1%
show that the changes in the 1ift and pitching-moment curve slopes with
Reynolds number and Mach number were sbout the same for the two wing-
body combinations.

CONCLUSIORS

Data have been presented showing the effect of Mach numiber and
Reynolds number on the 1ift, drag, end pitching-moment characteristics
of a 45° sweptback wing of aspect ratio 3 having twist and a distributed
type of camber. Comparison has been made of these data with comparable
data for a wing of identical plan form and thickness ratio but incorpo-
rating a conical type of camber. The results of this investigation
showed.: :

1. The anticipated gains in meximum lift-drag ratio at high
subsonic Mach numbers due to the use of a distributed type of camber
rather than one concentrated near the wing leading edge (conicel camber)
were not realized, The maximum lift-drag ratios for the distributed
camber and conical-camber wing-body combinations, with roughness, were
nearly the same throughout the range of these tests.
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2. The zero-lift pitching-moment coefficients for the distributed
camber wing were more negative than those for the conicaelly cambered
wing. This difference in zero-1lift pitching moment for the two wing-
body combinations would be expected to result in drag penalties when
trimed that would have asn adverse effect on the lift- drag ratios for s
complete model having this particular distribution of camber and twist.

Anmes Aeronsutical ILeboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Mar. 21, 1958
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TABLE I.- WING COCRDINATES
[Coordinates in inches]

Btation O Atation 2,700 Btation 6,200 Station 11.h56 Statica 16.202

I, n| X 1 o fu e . Xu Iy X & Iy N i % In 2 X H
0 o a 0 0 -0.000 | 0 -0.090| 0 -0.20T| © ~0.207| 0 -0.3% |0 -0.382 | 0 —o.& [} -0.5h0
00| o8] .09]-.065| .088| -.alo 029 - O -, 086 -.g 028 -.g 087| -.ebal Le33)] -, Ko, JEEN:
A% | 096 A80| -0 33 006 AR ] -,163 A2 -ail|  Jes] - OBLY = 097 =b7| Lo | ~ATLG 0T -u5%0
2| aes| .e64] -.00| .eef| 033 .2k0| -a70)  age| -.088] 20T| -SR] JAMQ| ~.ETT 30; ~433] o0 | -.456| 3| -9
gor| am | oses|-a6(  Jes| JoBk | k12| -200] .388] -.oke| ko3| -.3lo| (286 -.2h0] = k63 .&i -k | AT -.%
1.0k | .2 1,030 -.2b7| .ea1| o8| .oeB| -6 .77 .0e3| 798| -.3a9| .A7%| -.183] 893 | -.k70) . =315 2o -,
1.mk| mb| 16| -1} L35 209 | L3716 - | Lase| o7k LS -'3EE B8 =234  (885| -h70| Jee| -.336| A9 -AL
2,005| .9 | s.003( -.193| 1.8m| .e%0| 1.813| -.298| 1.537( .2k 1,998 -.343|1,0k2| -.a00fL.68| -.hSS| (TEB| -.303| JA3] -
2.965| o7 e.96h| ~.a3mf 2.663| .%06| e.fm| -.28L 2.$ AT E'ﬁ ~ 340 1.692 | -.046 J..gg - s 1.;3 -.258 | 1.196 | -9
E. M3% | 3.886| -.4TR e.hg& LBl Enoa -,208] a, Lea| 3. -.331 | 3,223 | ~.003 | R, =hgol1, -.g 1,566 —.ﬁ
. 50 h.z% -,500| *.301] .366] W306| -.300 E'Gﬁ %’ 2.692 -.2a|e,738) .036|e.7E3| -.398 1.36 - 1.50h| -,
5. M56 | s, - s5.08L| .38 | %.083] -5 R3ke| . %8| -3 3.837] .089 | 3.261 ) -.377|e.ewm) -1 | 2.kt0| -.hEe
6,491 .:Eg 6.085| -,329| 5.837] .%0; %.081{ -5 k.9Bp| .36 5.00k -.g E'ﬁo 057 E.'m -3% | 2,500 ( -1 | 2.606] -, k5
7.& . 3300 -3 s.m ﬁ £.5731 -.30 5.2;( A8 5,630 - Eo L8 kel | -.330| 2,906 ( -.109] 2,932 -.h1B
8. 8| .08 -3 7. . 7.288 | -.296| 6. 32, 6.@ -,259 | h,6h5| 132 { k668 ) ~,302)3.%23  -.006]3.287] -.307
8.860 | k| 8.88| -.3%9 Zg‘ro 35k ;971 -27%| 6.M7| .15 6 - 33| %087 .138{%.308| -.27T0|8.530 | -.099]3.533( -.3%%
9.603| .3t 9.%9| -.e83| 8,840 .3k | B.6h0| -2} T, 308 7.397( -.e08)3.m7| ko 5-& ~.&39 Eﬂiﬁ --gzﬁ 3.8%| -.
10,325 | .33k {10,301 -.Ré2| 9.290| 30| 9290 -2 g R0% ggg:; -1 5.3k L1375, -.806 | &, 118 -.0h3)4k.238| -
n.e6 | e9n n.% -233| 9.0m| .280| 9.9e1( -.195| B.hgo| .28L| 8. =166 6.3_,%2 130 | 6,348 ﬂ: hohon | -.096 | kBiT| -.27
1,78 | .e53|1. -200| 10.%3%| .24k |20.538( -.283| 9.a7| .e33| 9.017| -.136]6. J19 | 6.7Th0 [ -, h.67k | ~.009 h-g -.210
12,371 | .09 |1e.369| -.266| 11.133| .206 |[11.131| -,138 9.5 0L 9.7 -.008) 7007|103 T.ARL| -1 |hogh2| -.023| A, --:1@
13.016 [ 165 | 13008 -3 | 1,5 165 ({78 | ~aa| 1. Jlﬁ 10,00k -.gg 7400 | .0BB| 7.h0k| -.083(%.201; -.8|s201| -,
J.i.m ,183 laﬁazi -.098| 1.279] 223 122.277( -.075| 00| . 10.%07| - 3.853 06T | T.8% | -.080 5.% -0l | 5.hé0 | -.200
18,295 .08 | 1k, -.06%| 12,8301 .ofe |12.8e8| ~.0%0 m'?f: 083 10.279 -.030) G.206| oW 8.004) -.0%9]8, -,0081 5,70k | -.067
14,870 | .o%1 | 1k.8%0| ~,033| 13.865| 041 {13.36%| -. 1n, LOhL [ 11,h39 -.gz s.ﬁ 02 B.ﬁ -,00| 5,539 | -.005|5.9% | -.033
15,430 | .005 | 15.630| -, 13.887] .00% |13.887| -.c05§11.837| .ook| 1..B87| -. 8. .008 | 8. -.003) 6,172 .oa|6.272! -.00
L.E.R. 0.029 0,029 0.033 0,050 0,057

(x)m 009 089 033 030 »056
{vhxm 002 -.080 ~.803 =317 ~.53L
5 o =360 ~1.00°% -2,4° -5,00°
Nobes: 1, Foot and tip sections on & cherd perpendiqular to xzfo = 0,31 - oonstant are KACA $44005 aixfolls on ome-third of an HACA 230 mean line for

My Qeds

3, Saotions at staticn 6.200 and 11.K% on chords perpspdizular to ¥/c = 0.3% ern NAOA GIAODS saations on wn m = 0,8 (molifisd) mesn lins for

= 0.2,

i
9, Wing is twistad for linear slemants with

tp = 5.00%

k. Wing elements are folired betwmen glve stations gver the entire wing to eliminate myy abrupt dlscontimiities due to the differsni casbers.

"_'_xu — Reterance plane
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Equation of body coordinates

L (-3 T

~ |~ 165

Note: | All dimensions in inches unless otherwise noted
2. All wing dimensions for a projected plan form

Roughnass strip
(§ inch wide)

||

3240

~—— 1805 ~e—1643 —=||
2 eir

4693 -
1=59560

\

Figure 1.~ Model arrangement.
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Figure 2.- Comparison of normal and modified leading-edge radii for
sweptback wing.
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Figure 3.- Wing twist distribution.
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Figure 4.~ The effect of Reynolds mumber and Mach number on the drag characteristics.
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Figure 5,- The effect of Reynolds nunmber and Mach number on the 1ift characteristics.
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—— Distributed camber

-~—— Conlcal camber for C|_d=0,22(mf. 2)
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Figure 7.=- The variation with Reynolds nunmber of the drag coefficients at constant 1ift
coefficlents.
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— Distributed camber -
———- Conical camber for C d=0.22(ref. 2)
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FigureIB.- The variation with Mach number of the drag coefficient at constent 1ift coefficlents;
' 1 R = 1.5x10%,"
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Flgure 9.~ The effect of Reynolds mumber on the lift-drag ratlos.
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—— Distributed camber
----- Conical camber for C| =022(ref 2 )
——=Full L.E. suction (elliptic loading)
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Figure 11.- The variation with Reynolds mmber of the meximm lift-drag ratics and the 1ift

coefficlenta for maxdmm 1llft-drag ratios. N



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

24 -NACA RM A58C2l

Distributed camber
------ Conical camber for ch=0.22(ref.2) N
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Figure 12.- The variation with Mach number of the maximum lift-drag -
ratios and the 1ift coefficients for maximum lift-drag ratios;
R = 1,5x108.
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Distributed c¢amber

~m—— Conical camber for C_ =0.22(ref. 2)
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Figure 13.- The variation with Reynolds number of the pitching moment and the lift and pitching-

moment curve slopes; Cy, = 0.
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Distributed camber
—~———Conical comber for C d=0.22(ref.2)
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Figure 14.- The variagtion with Mach number of the pitching moment and the 11ft and pitching~moment

curve slopes; Cp = 0, R = 1.5x10°.
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