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RESEARCHMEMORANDUM 

EFFECT OFTAPERRATIO ONLD?T,DRA.G,ANDPITCHING- 
l43GXC CHARACTEBISTICS OF THIN WINGS OF 

ASPECT RATIO 3 WITH 53.1’ SWEEPBACK 
OF LEADINGEDGEAT SUBSONIC AND 

SUPERSONIC SPEEDS 

By Benton E. Wetzel 

The results of a wind-tunnel investigation are presented which 
show the effect of the variation of taper ratio on the -lift, drag, and 
pitching-moment characteristics of tplin wings of aspect.ratio 3 with 
53.1° sweepback of the leading edge. Three wings, tith taper ratios of 
0, 0.2, and 0.4, in combination with a high-ftieness-ratio body were 
studied ti the investigation. 

Measurements of the forces and momenta on the wing-body combfna- 
tions were obtained throughout an angle-of-attack range from -4' to a 
maximum of +17O at Mach numbers of 0.6 to 0.9 and 1.2 to 1.9. All 
models were tested at a Reynolds number of .3.0 tillion per foot at all 
Mach numbers. (This corresponds to Reynolds numbers varying from 2.9 
to 3.6 million when baaed on the mean aerodynamic chords of the models.) 
In addition, the models were tested at Reynolds numbers of 4.0 million 
per foot at all subsonic Mach numbers and 6.0 million per foot at Mach 
numbers of 0.8 and 0.9. 

Static longitudinal stability at subsonic speeds was reduced near 
a lift coefficient of 0.5 for the wings with taper ratios of 0.2 and 
0.4. Variation of taper ratio did not affect the minimum drag coeffi- 
cient at subsonic speeds. At supersonic speeds increasing the taper 
ratio resulted in a slight reduction in the minimum drag coefficient. 
Drag due to lift was decreased at all Mach numbers by an increase Fn 
taper ratio from 0 to 0.2. 
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INTRODUCTION 

Aa part of the continuing investigation of low-aspect-ratio tinge. 
by the NACA, the effect8 of taper ratio on the aerodynatic characterietice 
of Bwept wings of eJspeCt ratfo 3 at SUbBOniC and Bupersonic 8peedB have - 
been investigated in the Ames 6- by 6-foot supersonic wind tunnel. This 
report IB devoted to the presentation and discussion of the results 
obtained during thi8 Btudy. 
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NOTATION 

& aPan 

mean aerodynamic chord 

local chord - 

drag coefficient, 9 

lift lift coefficient, - 
qs 

pitching-moment coefficient, 
the mean aerodynamic chord, 

m-U& agubozhe quarter point of 
P 

qSE 

lift-drag ratio 

free-stream Mach number 

free-stream dynamic-pressure 

ReynohffB number 

w2ng area, including area formed by extending the leating and 
trailing edges to the plane of symmetry 

(iiatance perpendicular to plane of symmetry 

angle of attack of body axis, deg 

taper ratio, the ratio of the chord at the tip to the chord at 
the plane of symmetry 
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APPARATUS AK0 MODES r 

The investigation was performed in the Ames 6- by 6-foot supersonic 
windtunnel. Thie wind tunnel, which is fully described in reference 1, 
has a closed section and Is of the variable-pressure type. It can be 
operated at &ch numbers varying from 0.6 to 0.9 and from 1.2 to 1.9. 
Model wing-body combFnations sre sting-mounted in the wzLnd tunnel, and 
the aerodynamic forces on the models are measured with an internal 
electrical strain-gage balance. A typical model installation is shown 
in figure 1. 

Three wing-body combinations were used during the investigation. 
Sketches of the models are presented in figure 2. All of the wings 
were of aspect ratio 3 and had 53.1' sweepback of the leading edge. 
All had an NACA 0003-63 airfoil section in a streamwise plane and had 
the same plan-form area. The taper ratios of the wings were varied 
from 0 (a triaqqlar liag) to 0.4. All of the wings were tested in 
combination with the same circular body. The equation of the body is 
included on figure 2. The'xing panels were constructed of steel, 
painted, and hand-sanded to a smooth finish. The smooth finish was 
maintained throughout the tests. 

TESTS AND E'ROCELDuRes 

Range of Test Variables 

Lift, drag, and pitching moment were measured throughout an angle- 
of-attack rsnge varying from -4O to a maximum of +17O at Mach numbers 
of 0.6 to 0.9 and 1.2 to 1.9. All .models were tested at-a Reynolds 
number of 3.0 million per foot at all Mach numbers, In addition they 
were tested at Reynolds numbers of 4.0 million per foot at all subsonfc 
Mach numbers and 6.0 milHon per foot at &ch numbers of 0.8 and 0.9. 
The following table presents the corresponding Reynolds numbers based 
on the mean aerodynamic chord. 

RtiO-e,. RX104 , based on ,mean aeroaynamic chord 

per ft h=O h = 02 A = 0.4 

610 E 
3.6 3.1 2.9 
4.8 3.8 
7-2 5-7 

A 
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Reduction of Data 

Data presented in this report have been reduced to NACA coefficient 
form. The pitching moment has been referred to the quarter point of the 
mean aerodynamic chord. The data have been corrected to account for the 
differences known to exist between measurements made in the wind tunnel 
and in a free stream. The corrections applied account for the following 
factors: 

1. The increase ti airspeed in the vicinity of the model at sub- 
sonic speed as a result of constriction of the air stream by the walls- 
of the wind tunnel. 

2. The change in angle of attack of the model induced by the walls 
of the wind tunnel at subsonic speeds as a consequence of lift on the 
model. The corrections to the data amounted to: 

Ac = 0.554 CL, deg 

ACD = O.COg7 CL2 

ACm = 0 

3= The inclination of the air stream in the wFnd tunnel. Theee 
corrections were of the order of -0.13' and -0.10' at subsonic and super- 
sonic speeds, respectively. 

4. The effect on the drag measurements due to the longitudinal vari- 
ation of static pressure in the test section. 

n 

" 

._ 

- 

5= The effect on the drag measurements caused by mounting the models 
on a sting. The base pressure was measured and the drag data adjusted to 
correspond to a base pressure equal to the static pressure of the free 
stream. 

--- 
.- 

RESULTS AND DISCUSSION - 

Lift, drag, and pitching-moment coefficiente are presented in tables 
I, II, and III for the wings with taper ratios of 0, 0.2, and 0.4, respec- 
tively . The tabulations include data for all test conditions. For the 
purpose of analysis, only a portion of these data is presented in graphi- 
cal form. The largest part of the discussion is devoted to the results 
obtained at a Reynolds number of 3.0 million per foot, since that was the 
highest Reynolds-number at which-data could be obtained throughout the 
entire Machnumber range. It will be shown, however,. that the conclusions 
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drawn from results obtatied at that Reynolds number also apply at a 
Reynolds number of 6.0 million per foot at Mach numbers of 0.8 and 0.9. 

Lift 

5 

The effect of taper ratio on the variation of the lift coefficient 
with angle of attack is shown in figure 3. Increasing the taper ratio 
from 0 to 0.4 had only small effect on the lift-curve slope at zero lift. 
At angle of attack, however, variation of taper ratio resulted in large 
dffferences in the ILft coefficients obtained at subsonic speeds. 
Increases In lift-curve slope at low to moderate angles of attack, such 
as are shown In the present results, particularly for the wings with 
taper ratios of 0.2 and 0.4, have been shown by previous tests of low- 
aspect-ratio wings with thin airfoil sections (e.g., refs. 2 and 3) to 
be concomitant with flow separatfon near the leading edge. Although 
such flow separation results in a reduction in the leading-edge pressures, 
it generally increases the lift- pressures over the rearward portions. 
The chordwise extent of the effect of separation generally increases with 
increasing spanwise distance from the plane of symmetry, For the wings 
of the present investigatfon the increases in lift-curve slope at moderate 
angles of attack generally were reduced as Reynolds number was increased, 
as will be shown in the portion of the discussion devoted to the effect 
of Reynolds number. Examination of the lift and moment data at the higher 
angles of attack indicated that stalled flow: must have occurred at the 
tip sections and that unusually high loading occurred on the inboard 
sections. 

Pitch- Moment 

The effect of taper ratio on the variation of pitching-moment 
coefficient with Lift coefficient is presented in figure-b. Elcreas- 
ing the taper ratio caused a deterioration of the static longitudinal 
stability at subsonic speeds, as indicated by the nonlinear variations 
of the pitcbXng-mment coefficient with lift coefficFent for the tinga 
with taper ratios of 0.2 and 0.4. The increased static longituddnal 
stabilfty for these wings in the low lift-coefficient range, correspond- 
ing to the range in which the lift-curve slope ticreased with increasing 
angle of attack, offers additional indication of the probable occurrence 
of leading-edge flow se-paration. 

Of considerably more importance, however, was the reduction of the 
static longitudinal stability of the wings with taper ratios of 0.2 and 
0.4 near a lift coefficient of 0.5 at subsonic speeds. As indicated 
previously, this reduction of the longitudinal stability must have resulted 
from stalled flow at the tip sections. The degree of instability increased 
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with increasing taper ratio. Serious pftch-up occurred for the wing tith 
taper ratio 0.4 at a rulach number of 0.6 when the moment center was located 
at the quarter polnt of the mean aerodynamic chord. At supersonic speeds 
the variation of the pitching-moment coefficient with lfft coefficient for 
the wings with taper ratios of 0.2 and 0.4 also showed a decrease in static 
longitudinal Stability st the higher lift coefficients. This decrease was 
measured for the wing with taper ratfo of 0.4 even at a Mach number of 1.9. 

Nonlinear variations of the pitching-moment coefficient with lift 
coefficient, eimilar to those obtained for the wing with taper ratio of 
0.2, can be minimized by locattig a horizontal tail in a position which 
takes advantage of the characteristics of the flow field behind the wing 
(see ref. 4). It is unlikely, however, that an acceptable varFation of 
pitching-moment coefficient with lift coefficient can be obtained for an 
aircraft utilizing the wing with taper ratio 0.4 without some modification - 
of the wing to delay stalling of the wing tips. 

Drag 

The effect of taper ratio on-the variation with lift coefficient of 
the drag coefficient 1s shown in figure 5. IncreasIng the taper ratio 
from 0 to 0.2 resulted in a reduction of the drag coefficients measured 
at moderate to high lift coefficients and had only small effect on the 
minfmumdrag. These effects have been summarized in figure 6, in which 
the variation of drag coefficient with Mach number has been presented 
for various lift coefficients. Increasing the taper ratio to 0.4 resulted 
in no significant reductions of the drag coefficient. The latter result 
is in agreement with the results obtained during an investigation of 
swept wings with taper ratios varying from 0.3 to 1.0 (ref. 5). Results 
presented in the referenced report showed that at h5gh subsonic speeds 
the drag due to lift was only slightly decreased by increasing taper 
ratio beyond 0.3. 

As a result of the reduction of drag due to lift when taper ratio 
was increased, the lift-drag ratios of the wings with taper ratios of 
0.2 and 0.4 were generally higher than the ratios for the wing with 
taper ratio of 0 at both SUbSOniC and supersonic speeds, as Bhown in 
figure 7. At subsonic speeds the highest lift-drag ratios were obtained 
for the wing with taper ratio of 0.2. The maximum lift-drag ratios 
measured at supersonic speed8 were those for the wing with taper ratio 
of 0.4. These maximums were, however, only slightly higher than those 
for the wing with taper ratio of 0.2. 

In recapitulation, increasing the taper ratio from 0 to 0.2 resulted 
in a significant improvement of the dxag characteristics. Since increas- 
ing the taper ratio to 0.4.generally did not result Ln further significant 
improvement but led to severe pitch-up, it appears that the optimum taper 
ratio is about 0.2. 

" 

L k. / 
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Effect of Reynolds Number 

The effect of variation of Reynolds number on the lift, drag, and 
pitching-moment Coefficients at high BUb8Onic speed8 is illustrated in 
figure 8, in which results obtained at a Mach number of 0.8 are presented. 
Increasing the Reynolds number from 3.0 to 6.0 million per foot allqviated 
the effect of leading-edge separation on the lift and pitching-moment 
characteristfcs of the wings with taper ratios of 0.2 and 0.4. At a 
Reynolds number of 6.0 million per foot, the lift curves were linear over 
a wider range of angles of attack, and the increases in static longitudinal 
Stability at low lift coefficients were smaller than at a Reynolds number 
of 3.0 million per foot. Because of structural limitations of the models, 
tests at the highest Reynolds number were not conducted in the range of 
lift coefficients in which reduced stability occurred for the wings with 
taper ratios of C.2 and 0.4. 

Since the effect of taper ratio on the variation of the drag coeffi- 
cient with lift coefficient was shown to be significant at a Reynolds 
number of 3.0 million per foot, ffgure 9 has been included to show the 
variation with Reynolds number of the drag coefficients at various lift 
coefficients for Mach numbers of 0.8 and 0.9. Comparison of the results 
for the three wtngs indicates that increasing the Reynolds number did not 
affect materially the reductions in drag coefficient obtained as a result 
of increasing taper ratio. 

CONCLUDING REMARKS 

A wind-tunnel investigation has been conducted in order to deter- 
mine the effect of varying the taper ratio on the lift, drag, and 
pitcging-moment characteristics of thin wings of aspect ratio 3 and with 
53.1 sweepback of the leading edge. Three wings, with taper ratios of 
0, 0.2, and 0.4, were tested. 

All wings showed the effect at subsonic speeds of flow separation 
at the wing tips; the effects of separated flow were shown to increase 
with increasing taper ratfo. The static longitudinal stability at sub- 
sonic speeds was reduced near a 1Lft coefficient of 0.5 for the wings 
with taper ratios of 0.2 and 0.4. Although the most satisfactory varia- 
tion of pitching-moment coefficient with lift coefficient was obtained 
for the triangular wing, used to investigate a taper ratio of 0, the 
degree of instability for the wing with taper ratio of 0.2 was much less 
severe than that for the wing with taper ratio of 0.4. 
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Variation of taper ratio did not affect the minimum drag coeffl- 
cient at subsonic speeds, while at supersonic speeds an increase in 
taper ratio resulted in a slight reduction in the minFzrmm drag coeffi- 
cient. Drag due to lift was decreased at all Mach numbers by an 
increase in taper ratio from 0 to 0.2. 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeroxxxtics 

Moffett Field, Calif., Oct. 20, 1954. 
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TABLE I.- AEtRODYXAMICCEARACTERISTICSOFTRIAmGuIARWLNG 
(a) R = 3.0 million per foot 

16 a CL 

J.60 

0.70 

O&7 

0.022 
-.037 

::g$ 
-.lgl 
-.253 
0 

.cQo 

.ogo 

.la 
Xi3 
.a4 
:$+ 

$2 

:% 
.9= 

-.022 
-.037 
-da 
-x32 
-.m 
-.263 
0 

$2 

:Z 

:% 

:% 
-723 

s$ 

Q-003 
23 
.a5 .022 
.a23 
.oca 

-*CO2 
-.005 
-al2 
-.ozg 
-:&$Z 
-.OB 
-.c!47 
-054 
I:% 
-.a73 

;g 

.a7 

.024 

.a31 

-:z 
-.oog 
-.oll 
-.op 

::g 
1:s 
-*Cdl 
::g 
-A36 

-003 
a06 
.OlO 

.i$ 

zz 

::g 
-.032 
::z 
-069 

“J&4 

:g 
-.a3 
1:s 
::g 
--303 

.g 
:2 
;g 

-.gP 
-.037 
-.oiQ 
-A41 
-.2X 

-:S 

:Z 

:g 

:g 
.!M 

+20 
::g$ 

::z 

-:Z 
.o& 

.z 

.243 

2-E 

22 

-.Ol? 
::g 

0-W 
.&2 
.m5 

-.OOl 
-.Qm 
-.CO2 
-.026 
-49 
I:% 
-.lOO 

I:% 
-.163 
-.170 

L.70 

L.ga 
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TABLE I.-. AERODYNAMIC CHARACTERI$TICS ClF TRIANGUUR WmG - Concluded 
(b) R = 4.0 million per foot 

M a I CL 

.0.x)2 
-.265 
-.oQl 

:g 

Sit! 
.24g 

2' 

:% 
.&3 

-.=3 
-A0 
-a72 
-.138 
-.w 

-22 

:Z 

n CL 
-0.025 

::z 

1:s 
-*255 

m-9 
-052 
.u 
.172 
a7 

:E 

$2 
All 
.&2 .932 
::Z 
-A74 
-xi7 

0.60 

0.70 

-0.43 
-.71 

-1.25 
-2.35 
-3.44 
-4.53 

:g 
1.99 
2 :1": 

i?:: 
10178 
le.96 
15.u. 
17.23 
18.3a 

-.43 
-.71 

-1.27 
-2.3c 

0.70 

o.& 

0.80 

0.90 

O.lJO 
.19-i 

:g 
.SE- 
.&a 
.751 

-.021 

I:% 
-.152 
-231 

-:oT 

~~ 

:E$ 

$2 

LOO 0.003 
.@3-(5 ica4 
:3 :zg 
.0162 .a?2 

ai46 -.CGil 

:g2 ::i$ 
a729 -.039 
a.& --g -. 
.2l64 -.a63 
2736 -.cm 
.3&g -.074 

.oon .003 

.oc6g 

:ZE 
:z 
.ol2 

.onG .cQJ 
~~82 .a5 

:"Z 
.@+S 

-.OOl 

:z 
-AOk 
-.olo 

.ou.6 -.@2? 

22 ::g: 

:g$ 11% :% ‘Z 
all5 I :017 

(c) R = 6.0 million per foot 

a 

-0.38 
-.68 

-1.18 
-2.33 
:;*g 

:15 
.46 

l.& 
2.18 

::g 

CD c, y 
Loo71 0.003 0.9 

z% 

-005 
.olQ 
.a9 

.olM 

T 

-56 :i$ 
.0070 -.cml 

:E 
-.m4 
-A08 

.01g v.017 

:32 ::k$ 
.d+% 
.082Q ::$$ 

C 

I 
“:E 
-.oeA 
-.160 
-236 
-.w 

.a6 

iE 
.224 

:E 

Y 

0.80 
-f:g 
-1.2l 
-2.39 

2% 
:l6 
A.8 

1.01 
2.24 
3.41 

::g 

( 
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TABLE II.- AERODYNAMIC CHARACTERISTICS OFWIEPGWITHTAPERRATIO OF 0.2 
(a) R = 3.0 million pr foot 

H a H CL 0, M a m 

t.6 

).&3 

-1.19 
-2.27 
-3.35 
-4.44 

:g 

1:g 

43:; 

8":g 
10.58 
l2.73 
14.93 
17.04 
lt3.W 

-A 
--55 

-1.m 
-2.36 
-3.38 
-4.47 

-03 

:; 
2.03 
::g 
6.32 
8.50 

lO.Gb 

g:", 
17.12 
la.17 

0.032 

.2 
-023 
-033 
.m 

-.Wl 
-.004 
-.OlS 
-.G!O 

::z 
-.og4 

::gg 

r :z 
-.057 

2% 
.m8 
.015 

:ZgZ 
-001 

0 
-.O@l 
-.a2 
-.ml 
-.032 
::g 

::z 
-.06c 
-as8 
-069 

.003 

:g 
-017 

:E 
.ool 

-.KJl 
-.oo: 
-.olk 
-.aa 

::g 
-.osc 
-.a 

0.80 

0.90 

1.23 

1.30 

1.50 

12.89 
15.01 
17.lO 
l8.L8 

11% 
-1.23 
-2.33 
-3.45 
-4.36 

-03 

1% 
1.99 
Z:E 

2: 

0.795 

g 

-.032 
::g 

::z 

::g 

:g 
J-32 
.2l4 

:g 
A04 

-.a29 
-.044 

-:% 
-.ug 
-.291 
0 

.02L 
-055 
.lzl 
.I92 

.z 

-.026 
-AC 
-.m 

::g 
-.2G 

.ca2 

.org 

:ZE 

:Z 

:2$ 

:E 

-.022 
-.c& 
-.c%3 

o.oel 
I:% 
-.om 
.Qo4 
.aog .OU 
:Zi 
:E 

-.0(11 
-SK% 
-.Ol8 
-.032 
-.047 
I:% 
.cm8 
:g 
.037 

22 
a 
-.005 
-.Ol3 
-.030 
--@9 
1:s 
-.143 

-an 

2% 

2-g 
.070 

0 
-.OCh 
-Al2 

-:iZg 
-A3 
-.oss 
rig 
-.l-f3 

.006 

.OlO 

.Ql7 

..5c -2.l6 
2-z $2 .sS 1.B 
$:Z 
8:S 

10.34 
12.43 
14.52 
17.ol 

-.30 
-.57 

-1.lO 
-2.14 
-3.18 
-4.22 

.Q8 

12 
1.93 
ZZ 

?Z 
LO:24 
l2.32 

-0.118 -.1-p& 
-:Z 

.a9 

.047 
-103 

:Z 

:E 
.5E 
-69 
.701 
.7- 

-.ol8 
-.030 
-m5 
-.lCh 
-.I51 
-200 

-003 

:Z 
-0gl 
:Z 
.281 

:g; 

:% 
-690 

-.OlT 
-.cfas 
-.Ogo 
I:% 
-.L78 

.002 

.Ol4 

:% 

:g 
248 

:Eg 
-479 
22 
.65l 

3.032 

:Z 
3 
-.oA 
-.0X2 

::Z 

::gg 
-.ll2 
-.137 
-.159 
-.173 
-.I& 

.ocd 

:Z 

:E 
432 

0 
-.a03 
-.ola 
-.a3 
-.035 
-.047 
-.071 
-.C93 
-.n4 
-.X0+ 
I:;% 

.og 

.oQs 

:Z 

:% 
a 
-.003 
::g 
-.op 
-.&l 
I:% 

I% 
-Xl1 
-.a 
-.14-i 

..7c 

-.% 

. 
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TABLE II;; AERODYNAMIC CHARACTERISTICS CZF WING 
WITH TAPER RATIO OF 0;2 - Concluded 

(b) R = 4;O million per foot 

an 
0.003 
:3 
.ol4 
.022 
.03l 

0 
-.Wl 
-.Cdl 
-.Oll 
-.olg 

::F$ 
I:$ 
-.054 
::g 
-a3 

.a03 

.W5 

M a H a c, 

0.d 

:z 
-035 
.Wl 

-.Wl 

::Z 
-.cQl 
-.031 
-.04g 
-.oz 
::gg 
-.w 

.0&l 

:Z 

:S 
.ool 

H 
- 
0.8C 

0.9 -.032 
-.050 

32 

::g 
-.002 

.023 

;g 

a 

-A0 
-.@ 

-1.25 
-2.38 
-3.50 
-4.64 

:Z 

2:g 
3.16 

kg3 

I- .0065~,:~ 
.oOn 
.OlOO -.014 
.0147 -*Cdl 

:Eg 
-.035 

1iig 

::z 

::gg 

1.60 

I.70 

-r):g 

-1.P 
-2.30 

2-z 
:GZ 

1% 
1.96 

E 
6.33 
8.53 

g.g 

15:10 
;;.$ 

. 

1::; 

-0.030 
-.045 
-.076 
-.136 

::Z 
-.a16 

-016 
At8 
.llO 
1% 

.38-l 

2: 

:g 

1% 

::"A 

I.0073 

:Zi 
.Oll3 

:%2 

:Z$ 
.oo75 

:E2 

:tZ 
-0775 
.1171 
.1689 

.z 

.Qm 

.0075 

1.7C -1.23 
-2.32 
-3.44 
.4.55 

g 

1.98 
Ei 

::2 
lo.79 
g:zT 

2 
-2.34 

“:E 
::g 
-.006 

.016 

:Fg 
.I81 

E 

22 

$2 

-.03r 
::$ 
-.=3 
-.w 
-*cm3 

).0087 
.au5 

22 

:Z 
.cm4 
.olol 
.0141 

:$E 

:ES 
.17* 
2280 

.0068 

:zE 
.0182 

:Z: 

.z 22 

.0123 :Z .mgo .035 

.a011 .w 

.w61 .(xIl 1.80 
SW62 -.W2 

:E 11% 
.WJ+ -.03l 

:$E 
-.a55 
--CCL 

(c) R = 6.0 mil.Uon per foot 

1.0076 
.Oo78 
.oos7 
m.35 
.OlS 
.0263 

;z 

.Olcxl 

.oPJ8 

.02lU 

:%% 

c, c, M a CD 

).00?5 

:g 
.OIp 
.ol87 
.03cm 

ZJ 

:@2 

:$ 

CL 
-0.036 
-.cfJl 

::$ 
-226 
-.zslr 
-.wl 

.m5 

:Fig 
.1g1 
.a63 
.4l8 
.533 

MC -0.W 
-.72 

-1.29 
-2.42 
-3.59 
-4.74 

;Tj 

2.07 
Z:$ 

0.003 

2% 

:Z 
.035 

0 
-.w3 

:% 
-.a3 
-.0p 
-.052 
-.060 

0.035 
-.m 

::z 
-.244 
-.331 
-.002 

:Z 
.lP 

.z 

“23 
:% 
:E 

0 
::gg 
-.017 
-.op 
::z: 

t C 
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TABI III.- AERODYNAMIC CEARACJXRISTICS OF WIXG WITI TAPER RATIO OF 0.4 
(a) R = 3.0 million per foot 

H 

I& 

1.70 

LSO 

c: 

-0.41 
-.68 

-1.23 
-2.23 

Ii7’% 
:04 

:Z 
1.95 
3.01 

::2 
8.43 

10.58 
32.71 
14.83 
16.96 
18.00 

-.42 
-69 

-1.24 
-2.23 

2-E 
:04 
.32 
-87 

::Z? 
4.13 

2% 
lo:64 
12-e 
lb.52 
17.03 
18.08 

-.42 
-69 

-1.ciyJ 
-2.26 

2-g 
:06 

:Z 
1.H 

22 

-.op 
-.037 
-.067 
-.13Cl 
-.lB 
--Z&3 

.W 

:E 
-118 

2: 
-471 
:ZZ 

0 
0 

:z 
.OlC 
.aa 

-.ool 
-.OOl 
-.uo3 
-.cm 
-.Ol2 
-.02l 
-.c42 

::gii 
-.036 
-.03.2 

::z 

I2.85 
14.99 
17.03 
18.13 

-.42 
-.@ 

-1.19 
-2.29 

2% 
:05 

:g 
2.00 
3.10 

ij:$ 

-.31 
-.$I 

-1.11 
-2.17 

zi 
:Oe 
-36 

1:g 

Xii 
6.1$ 
8.30 

0.7& 
.841 
.w3 
.93 

::g!i 
-.068 
-.I35 
-.2Ch 

-:Z 

12 

-189 

:$$i 
-520 

-.a21 

I:g 
-*la8 
-.15"2 
-.S5 

.od 
-023 
.ogk 
-u3 
.17-i 

;g 

:ZZ 

-.org 
-.033 
-.059 

cn c, 
3-17Lg -xc .=7 
-2735 -.03-i 
.3KQ -038 

.oqo 0 
.oOl 

:z .cm5 
.m5 .OlO 

:Eg :E$ 
-*cm 
-.Wl 
-.005 

:Z 
-.Ol2 
-.02l 

.a32 -.037 

.ow --OS7 

.og21 -a78 

.oose 1% 

.0105 

:%2 
-014 
.ml 

.OlB .&l 

.0269 -056 

:zFi --- -.W5 
.oLio -.oliz 
-0139 -.=5 
“c-5 --Cl9 

:z --o53 -A88 
.a763 -.ll7 

.ou3 .Qch 

.u8 :z 

.ru29 
SW9 

:iZl 
:Z 
m7 

.olog -.w2 

.OLK -.W 

.OlEi -.Qll 
-0152 -*OS 
.Olg-/ --a9 

I$$? 
-.n6 

.1065 --cl5 

.lW -.1X 

L.70 

-m 

-2.15 
-3.23 
-4.25 

:g 
.eS 

1.55 
::3 
86:Z 

10.3 
l2.4u 
14.48 
16.58 

-.30 
--55 

-1-w 
-2.14 
-3.18 
-4-a 

“08 
-35 .88 

kg 
4.01 
6.10 
8.18 

g:g 
l&8 
17.53 

-.w 
--55 

-l.og 
-2-U 
-3.17 -4.u 

3 
l-92 
2.% 
2% 
8-u 

10.21 

::$I 
16.41 
17.45 

-.ol7 
-.030 
-.m3 -.I.02 
-.153 
-.201 

:Zl 
.043 

3; 
2% 
-373 
:;g 
.614 

$2 
-.ol8 
-.=9 
-.052 
-.osa 
-.lJ!a 
-.l83 

-003 
.a4 

:Z 
:g 
:g 
:ig 
2% 
.@9 

j-0153 
.m3 
-&7 
.om .orLQ 
.oll7 
-0146 
.Olg2 
-0255 

22 
:ZZ 
-1-m 
.=9e 
.ono 
"Oll2 

:E$ 
.Ol% 

:Z 
"0109 

:z 
.Ol@ 

:i$i 

:z$ 
.1LgI 
X-53 
-1966 
"2a.2 

:ZEg 
.0133 
-age 
.a% 

:S 
-0122 
.0=7 
. or48 
-0183 
.oa 
.037l 

:Z 
.1&O 
.1415 
1% 

c, 
o.oa6 .041 
-:Z 
::z -.024 -.03a 
--053 -.C& 
-.105 

32 

11% 

22 

:ZiE 
-037 .&9 -.W2 -.aog -.OU -.02j --Pi5 

-.047 -Q-D ::g 
-:Z 
-A48 
-.152 

22 

:i2g 
-033 
-043 

-.a31 
-.W4 
-.OlO 
-A20 

I:%% 
-.eJ 

I:2 
-.l.Il 
-.=3 
-a30 
-.Q4 

w 

. 
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TABLE IIT.- AERODYNWC! CwCTERISTIC$ OF WING 3 -- 
WITH TAPER RATIO OF O;4 - Concluded 

(b) R = 4.0 million pe-r foot 
. 

a cc cr. 
-0.39 

-A8 
-1.24 
-2.25 

=; 
:0-l 
.36 
.92 

2.01 

Z:", 

t:g 
10.83 
13.01 
15.19 

.O.On 
-.039 
-.o6g 
-.13l 
-.lg6 
-.ti7 

.005 

:Z 
.115 

:Z 
AQO 

2% 
.7b 
-858 

-.42 -.022 
-.4 -.Oj6 

w cr. cDle I 
Loce4 0.001 
.oll.4 .ti 
.Ol% 
.0231 

12 

.0069 -.OOl 
-0074 -.OOl 
.m32 -.cKQ 
.010-r -.octi 
.OW. -.OlO 
.02lg -.ol5 

;yg 
-.O% 

::i$ 
:'2% -.032 

-.Qa 
.2793 -.017 
.31ol -.a3 

.a59 .012 

.&JO -020 

a 

O.C@ 

:9” 
2.03 
3.14 

kg 
8.73 

10.92 
l.3.JL 

-.40 
-.4 

-1.26 
-2.30 
-3.43 
-4.3 
2.06 
3.18 
4.32 
6.60 

1.70 

r.60 

m-75I-0.cm.ll0.60 ,.cQ75 -o.ool 0.60 

:z O :z O I II .OOl .OOl 
.oll2 .om .oll2 .ocF3 .0&J dog .0&J dog :zg :zg -017 -017 

-.OOL -.OOL 

:Z :Z 
-.oOl -.oOl 
-.003 -.003 

.0105 .0105 -.cO7 -.cO7 

.OlS .OlS -.OU -.OU 

:EZ :EZ 
-al7 -al7 
-.038 -.038 

:3 :3 --053 --053 -.037 -.037 
.141 .141 -.033 -.033 
.=9 .=9 -.OM -.OM 

-1.25 
-2.34 

2-g 
:d! 

1% 
l-97 

43:Z 
6.35 
8.52 

10.71 
=.a7 
15.02 
17.17 
18.3 

-3.37 
-4.49 

-“:S 
-.188 
-*258 

.c& 

;g 

.175 

.2d 
-394 
.533 
.a5 

:g; 
.9+5 
.9-B 

-.m6 
-277 

).cK% -0.001 
.0070 -.wl 
.i;crlB -.003 
.Oloa -.W3 
.~W -.ol3 
.a?28 
.&74 ::gt 
.a5 

1% 
::EE 
-.ogo 

.0070 -.ool 

:iz O .m3 

:%t :Z 
.or16 .031 
.oogl -.OlO 
.0160 -.m8 
.@45 
.0535 ::g 

(c) R = 6.0 million per foot 

CD c, M 
,a081 0 0.90 

:g 
"001 

:Zk2 
;g 

! 

:$ 
.01g 

-.Wl 

23: 
-.W2 
-.003 

.OlW -.00-f 

.olgz -.o.l.l 

tz 
-.017 
-.o$l 
-.Ogl 

a CL I Q 1% . 
-0.47 
-.77 

-1.34 
-2.44 
I:-$ 

:07 

:z 

32:Z 
4.46 
6.78 

-0.030 o.c~178 o 
::g .0079 .001 

.OW .m3 
-.lp4 .om .oog 
-.23l .0182 .a27 
-.3ll -0277 .030 
.olo 

:E2$ 
-.ti 
-.W 

:g .oo% -.005 
23 

.OlO8 

.0157 22 

:z :$ 
-.028 
-.osl I I 

v 



Figure I.- Model tith w'ing of taper ratio of 0.2 installed in Ames 
6- by 6-foot supersonic wfnd tunnel. 
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(a) Taper rotion0. 
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(c) Toper ratio q 0.4. 

4693-4 

(b) Taper rotio=0.2. 

Moximum radius, r,,= 2.38 

Length for closure, I = 59.50 

All dimensions In inches unless atharwiss noted 

Figure 2.- Dimensionsl sketches of modela. 
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Figure 3.- Hfect of taper ratio on the variation of lift coefficient with angle of attack; 
R L 3.0 TI.CUUO~ per foot. 
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Figure 4.- 
52 

Bfect of taper ratio on the variation of pitching-moment coefficient with lift 
coefficient; R = 3.0 millIon per foot. 54 
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Figure 5.- EkPfect of taper ratio on the variation of drag coefficient with lif't coefficient; 
R = 3.0 million per foot. 
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Figure 6.- Effect of taper ratio on the~variation with &ch number of 
the drag coefficients at various 1lf-b coefficients; R = 3.0 million 
per foot. 
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Figure 7.- ETfect of taper ratio on the variation of lift-drag ratio with lift coefficient; 
R = 3.0 million per foot. 
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(a) h = 0 

Figure a.- EPfect of Reynolds number on aercdpau!lc characteristics of the three mrdel.8 at a 
hbh number of 0.8. 
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(b) h = 0.2 

~j.gure 8.- ContJxtued. 
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Figure 8.- Concluded. 
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Figure 9.- Variatfon with Reynolds number of the drag coefficients at 
various lift; coefffcients for the three models at subsonIc spee&. 


