
SECURIITh' IrFRrsA.TIcNJ 
CONFIDENTIAL	 Copy 

RM L53EO7a 

NACA 

RESEARCH MEMORANDUM 

EFFECTS OF A SERIES OF INBOARD PLAN-FORM


MODIFICATIONS ON THE LONGITUDINAL CHARACTERISTICS OF TWO 

470 SWEPTBACK WINGS OF ASPECT RATIO 3.5, TAPER RATIO 0, 

AND DIFFERENT THICKNESS DISTRIBUTIONS AT 

MACH NUMBERS OF 1.61 AND 2.01 

By Morton Cooper and John R. Sevier, Jr. o
0 

Langley Aeronautical Laboratory 
Langley Field, Va.

0 _ 
n 

CLASSIFIED DOCUMENT

•, 

'-I 
This material contains information affecting the National Defense of the United States within the meaning 

of the espionage laws, Title 18, USC., Secs. 793 and 794, the transmission or revelation of which in any 
manner to an unauthorized person Is prohibited by law. 

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS 

WASHINGTON

July 17, 1953 

CONFIDENTIAL 

https://ntrs.nasa.gov/search.jsp?R=19930087662 2020-06-17T12:11:23+00:00Z



NACA RM L53E07a	 CONFIDENTIAL 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS


RESEARCH MEMORANDUM 

EFFECTS OF A SERIES OF INBOARD PLAN-FORM 

MODIFICATIONS ON THE LONGITUDINAL CHARACTERISTICS OF TWO 

70 SWEPTBACK WINGS OF ASPECT RATIO 3.51 TAPER RATIO 0.2, 

AND DIFFERENT THICKNESS DISTRIBUTIONS AT 

MACH NUMBERS OF 1.61 AND 2.01 

By Morton Cooper and John R. Sevier, Jr. 

SUMMARY 

Tests of a series of inboard plan-form modifications to two 470 swept-
back wings of aspect ratio 3.5 and taper ratio 0.2 were conducted in the 
Langley li-_ by 4-foot supersonic pressure tunnel at Mach numbers of 1.61 
and 2.01. One wing had 6-percent-thick hexagonal airfoil sections of con-
stant thickness ratio along the span; the other wing had the same 6-percent-
thick sections outboard of the 110-percent-semispan station, but the sec-
tion thickness increased linearly to 12 percent at the model center line. 
Inboard plan-form modifications were made by linearly extending the local 
chord, forward or rearward, from the 40-percent-semispan. station to the 
model center line. Forward or rearward extensions of one-third or two-
thirds of the basic center-line chord were tested in various combinations 
on each wing. 

The results indicated that in all cases the addition of the exten-
sions reduced the actual minimum drag (for a given absolute thickness) 
by an amount which was estimated reasonably well theoretically. Although 
the lift-curve slopes of the modified wings (when based on wing areas, 
including extensions) were reduced as anticipated, in all cases, a net 
Increase was realized In maximum lift-drag ratio for the extended-chord 
configurations. 

A specific comparison of two wings of 6-percent-chord thickness, that 
is, the basic 6-percent-thick wing and the 12-percent-thick wing with 
1/3 forward and 2/3 rearward extensions, indicated that the extended 
12-percent-thick wing had, at a Mach number of 1.61, about 6 percent 
higher lift-drag ratio and only )+ percent more minimum drag. Similar 
gains were present at a Mach number of 2.01. These gains are further 
enhanced by a volume increase of 67 percent for the extended-chord model. 
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INTRODUCTION 

In the design of aircraft and their components, aerodynamic consid-
erations tempered with practical requirements combine to dictate the 
final configurations. For example, in a recent design study of a tram-
sonic bomber (some contemplated wing configurations are presented in 
references 1 and 2), it was found experimentally that increasing the 
wing volume by increasing the inboard section thickness ratios could be 
accomplished without subsonic penalties in minimum drag or maximum lift-
drag ratio. To be specific, a comparison was made of the aerodynamic 
characteristics of two wings of identical plan form (sweepback of quarter-
chord line 1170, taper ratio 0.2, and aspect ratio 3.7), one wing having 
6-percent-thick airfoil sections and the other wing having the 6-percent-
thick sections outboard of the 40-percent-semispan station but with sec-
tion thickness linearly increasing to 12 percent at the model center 
line. The results indicated that no penalty was incurred in maximum 
lift-drag ratio (reference 2) up to a Mach number of 0.88 for the thicker 
wing in spite of its 27 percent greater volume. At the supersonic speeds 
(refs. 2, 3, and	 however, the effect of the larger wave drag of the 
thicker wing (a quantity which was accurately estimated by a strip theory) 
was clearly evident in reduced lift-drag ratios. Because of the practical 
advantages of the thicker inboard sections, a further investigation of 
this type of wing was considered warranted at supersonic speeds in an 
attempt to maintain its advantages at these speeds. 

Since the primary difficulty of the thicker wing was associated 
with its increased inboard thickness ratio and the consequent greater 
wave drag at supersonic speeds, two wing models were constructed whereby 
it was possible to increase the inboard chords and thereby to decrease 
the local thickness ratios. The two basic wings were identical to those 
previously tested in references 2 to 4 except that, for construction 
simplicity, symmetrical hexagonal sections were used. For each wing, 
one-third of the local chord was removable, forward or rearward, in the 
inboard 10 percent of the wing semispan. Insert extensions of one-third 
or two-thirds of the basic center-line root chord were provided and each 
wing was tested with various combinations of forward and rearward exten-
sions. For all configurations, the extensions increased the inboard 
chords without changing the wing thickness; the extensions therefore 
reduced the local thickness ratios from that of the basic wing in all 
cases. 

The purpose of the present paper is to present the aerodynamic char-
acteristics in pitch of these wing configurations for angles of attack 
up to approximately 80 . The tests were conducted principally at Reynolds 
numbers of 2.68 x 106 and 2.20 x 106 (based on the mean aerodynamic chord 
of the basic wing), and for Mach numbers of 1.61 and 2.01, respectively. 
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SYIVOLS 

Free-stream conditions: 

M	 Mach number 

q	 dynamic pressure 

Wing geometry: 

S	 area extended through the fuselage 

b	 span 

A	 aspect ratio, b2/S 

c	 airfoil chord at any spanwise station 

y	 spanwise distance measured from the plane of symmetry of the 
wing

Ib/2 
mean aerodynamic chord, g 

	
c2dy 

So 

a	 angle of attack 

Force data: 

L	 lift 

D	 drag 

CL	 lift coefficient, L/qS 

CLopt	 lift coefficient at maximum lift-drag ratio 

CD	 drag coefficient, D/q.S 

nan	 minimum drag coefficient 

Cm	 pitching-moment coefficient about a line perpendicular to plane 
of symmetry and passing through 25-percent position of mean 
aerodynamic chord 

C.P.	 center of pressure
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C	 lift-curve slope, per deg or per radian 

C	 pitching-moment-curve slope 

WING DESIGNATION 

In order to identify the wing configurations tested, a three-unit 
numbering system has been adopted, each unit being separated from the 
others by a dash. The first number (6 or 12) designates the center-line 
thickness in percent chord of the basic swept wing; the second number 
(o, 33, or 67) designates the percentage by which the basic center-line 
chord is extended by the forward insert; and the third number (o, 33, 
or 67) designates the percentage by which the basic center-line chord 
is extended by the rearward insert. Thus, the designation 6-0-0 refers 
to the basic 6-percent-thick wing; whereas the designation 12-33-67 
refers to the 12-percent-thick basic wing having a 33 percent forward 
and a 67 percent rearward extension at the root. In cases where a given 
number is variable, the number will be replaced by an X. Thus, when 
curves are plotted as a function of leading-edge extension, the - designa-
tion will be 6-x-6.

APPARATUS


Tunnel 

The tests were conducted in the Langley 14_ by 4-foot supersonic 
pressure tunnel which is a rectangular, closed-throat, single-return 
wind tunnel designed for a nominal Mach number range from 1.2 to 2.2. 
The test-section Mach number is varied by deflecting horizontal flexible 
walls against a series of fixed interchangeable templates which have been 
designed to produce uniform flow in the test section. For the present 
investigation the test section Mach numbers were 1.61 and 2.01; the test 
section heights were 14•4 feet and 5.1 feet, respectively; and the tunnel 
width was 14.5 feet.

Model 

The test model consisted of either of two swept wings (6-x-x or 
12-X-X) mounted on an ogive cylinder fuselage (fig. 1) which housed an 
internal strain-gage balance. The model was sting supported as indicated 
in figure 1. The angle of attack was measured optically during each test 
and was varied by rotating the model about the balance moment center. 
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Wings.- The wings were constructed as indicated in figure 2. Out-
board of the 40-percent-semispan station, both wings were constructed of 
steel and had 6-percent-thick 1/3-1/3-1/3 symmetrical hexagonal airfoil 
sections (fig. 1). Inboard of the 40-percent-sexnispan station, the two 
parallel sides of the hexagonal section (fig. 2) were extended to the 
side of the fuselage. The airfoil sections in this inboard 40 percent 
of the semispan were completed by the addition of any combination of the 
forward and rearward inserts shown in figure 2. Each of the inserts 
increased the basic center-line chord of the X-O-O wing by a percentage 
specified by its designation. Thus, an extension designated 33 (forward 
or rearward) increased the center-line chord of the basic wing by 33 per-
cent. When the same extensions of the same designation were added for-
ward and rearward, the airfoil section remained at 1/3-1/3-1/3 hexagon 
(fig. 1). 

Two sets of wings and insert sections were tested. One wing with 
basic inserts (X_o_o) had the 6-percent-thick hexagonal sections extended 
to the fuselage and thus is designated the 6-0-0 wing. The second wing 
with basic inserts was identical in plan form, but had linearly increasing 
airfoil thicknesses from 6 percent at the 40-percent-semispan station to 
12 percent at the fuselage center line thereby forming the 12-0-0 wing. 
Since each of the 6-x-x and 1-2-X-X wings could be tested with 9 combina-
tions of inserts, there were a total of 18 wing configurations. 

Figure 3(a) shows the basic 6-percent-thick wing (6-0-0) and fig-
ure 3(b) shows the 6-percent-thick wing with the 33 percent forward 
and 67 percent rearward extensions (6-33-67). 

Fuselage.- The fuselage was an ogive cylinder combination (fig. 1), 
the ogive having a fineness ratio of 3.5. A six-component strain-gage 
balance (ref. 5) was housed within the fuselage. For this investigation, 
only normal force, chord force, and pitching moment were analyzed. 

TESTS 

Basic data.- All wing configurations shown in figure 11 were tested 
at a Mach number of 1.61 through an angle-of-attack range from about -20 
to 80 . The Reynolds number (based on the mean aerodynamic chord of the 
x-o_o wing) was, with the exception of several isolated test conditions, 
2.68 .x 106. For several of the configurations with the larger extensions 
it was necessary to reduce the stagnation pressure to prevent overloading 

the balance; the Reynolds number for these test conditions was 2.20 x 10. 
A check test of the 6-0-0 wing at both Reynolds numbers, however, indicated 
no measurable effect of this slight Reynolds number change. 
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In order to establish Mach number variations, the extreme configu-
rations shown in the corner sketches of figure 4 (those configurations 
having basic inserts, 67-percent extensions, or a combination of both) 

were tested at a Mach number of 2.01 and a Reynolds number of 2.20 x 1o6. 

Preliminary tests.- Prior to the start of the main program, several 
preliminary tests were made on the 12-0-0 and 12-67-33 wings without the 

sting block, with a 2- inch-diameter sting block, and with the 3-inch-

diameter sting-block shown in figure 1. In all cases the data, when 
corrected to free-stream static pressure, agreed within the limits of 
reproducibility. For all data presented, the 3-inch-diameter sting-
block was installed since for this condition the correction of the base 
pressure to free-stream static pressure (which was applied to all data) 
was a minimum.

THEORETICAL CALCULATIONS 


Drag at Zero Lift 

The drag at zero lift of each wing-body configuration was calculated 
as the sum of the individual drags of the body and the exposed wing. 
Interference between the wing and body was neglected inasmuch as the 
body is cylindrical in the zone of influence of the wing and hence can 
experience no pressure drag in this region. Furthermore, the wing 
operates in a flow field which is essentially uniform. The pressure 
drag of the body was calculated by means of the linear theory as presented 
in reference 6 and the skin friction was estimated by the extended Frankl-
Voishel method discussed in reference 7. Turbulent skin friction was 
assumed for the body on the basis of drag measurements made for several 
Reynolds numbers on a similar body (ref. 3). 

The wave drags of the basic wings (x-o-O) were calculated by linear 
theory by a procedure similar to that outlined in reference 8. The wave 
drags of the wings having inboard extensions were estimated by a strip-
theory calculation - two-dimensional thickness corrections were applied 
to the basic wing to allow for the thickness changes as the inserts were 
added. No correction was made for the plan-form change. The skin friction 
of the wing was assumed, somewhat arbitrarily, to be laminar and was 
calculated by the method of reference 9. 

Lifting Characteristics 

The lift-curve slopes of the wing-body combinations were estimated 
by the method of reference 10. In the application of this method several 
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simplifying assumptions (as will be discussed) were made to avoid pro-
hibitively lengthy calculations. 

Wing lift-curve slope. - The lift-curve slopes of the basic wing 
(x-o-o) alone were determined from references II and 12; it is to be 
noted that for the Mach number 1.61 case the leading edge of the wing 
was essentially sonic. Since the basic trailing edge is supersonic at 
both Mach numbers, the additional lift on the rear inserts (when no 
forward extensions are present), and hence on the wing, is given by the 
Integration of the theoretical linear pressures over the inserts. In 
order to estimate the effect of the forward extension (no rearward exten-
sions present), the reverse flow problem (ref. 15) was considered. In 
this reverse flow, the insert (fig. !) lies behind a sonic edge for 
M = 1.61; and, in addition, its own trailing edge is subsonic so that 
it was assumed (for this Mach number) that the loading on the insert was 
small and could be neglected. Hence, the total lift on the X-X-O wings 
Is assumed to be the same as that of the X-O-O wings for a Mach number. 
of 1.61 (that is, the forward Insert is ineffective for producing lift). 
No calculations are presented for M = 2.01 for the forward extension 
condition because this reasoning does not apply. By means of similar 
reasoning, the effects of combinations of forward and rearward extensions 
were obtained. 

Wing-body lift-curve slope.- In computing the lift-curve slopes of 
the wing-body combinations, it was assumed that the inboard section of 
the wing plan form was of primary importance in determining the effective 
lift carry-over. Hence, the lift carry-over was computed for a wing of 
zero taper ratio having the same sweep of the leading and trailing edges 
as given by the insert sections. It Is to be noted that for configura-
tions having the basic forwaM insert, this assumption entails no further 
approximations than those inherent in reference 10. 

Drag due to lift.- Because of the relative sharpness of the wing 
leading edge and minor role of subsonic leading edges in the present 
configurations, the drag due to lift was assumed to be given by the 
component of the normal force In the drag direction. 

RESULTS AND DISCUSSION 

Basic data (figs. 5 to 10).- The basic lift, drag, and lift-drag 
ratio data for the 6-X-x wing and the 12-X-X wing are presented as a 
function of angle of attack in figures 5 and 6, respectively, for Mach 
numbers of 1.61 and 2.01. In addition, the lift-drag ratios have been 
plotted as a function of lift coefficient in figures 7 and 8. All the 
data presented in these figures as well as in succeeding figures are 
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tabulated in table I. A summary of the individual wing characteristics 
(such as minimum drag and lift-curve slope) is presented in tables II 
and III. The predicted reduction in minimum drag coefficient and the 
increase in maximum lift-drag ratio with the addition of extensions is 
clearly evident from figures 5 to 8 and table II. These points will 
become more evident in subsequent summary plots. 

The pitching-moment characteristics of the 6-x-x wing and the 
12-X-X wing are presented in figures 9 and 10, respectively. Since each 
insert section was assumed to form a new wing, a new moment center refer-
enced to the quarter-chord point of the mean aerodynamic chord of each 
wing was used to reduce the data. This referencing leads, in many cases, 
to the anomalous result (a fact which is most evident for the X-X-0 wings) 
that the forward extensions increase stability and rearward extensions 
decrease stability. This is, in reality, an effect resulting from the 
fact that the moment axis changes more rapidly than the physical center 
of pressure, as is evident from the center-of-pressure data also pre-
sented in figures 9 and 10. 

Minimum drag coefficients (fig. ll).- The minimum drag coefficients 
of all the wing configurations have been correlated as a function of the 
sum of the forward and rearward extensions in figure 11. This procedure 
is consistent with the initial theoretical assumption that the extensions 
would introduce primarily a thickness effect. In figure 11(a) the data 
have been nondimensionalized in terms of the individual wing areas; whereas 
in figure 11(b), the area of the X-0-0 wing has been used throughout. 
Hence, these latter coefficients (fig. 11(b)) are equivalent to direct 
forces. 

Figure 11(a) indicates that the drag results correlate quite well 
with the thickness-correction concept, deviating primarily for the larger 
insert combinations as might be anticipated. The experimental data are 
considerably below the theoretical curves but this is a deficiency of the 
theory in predicting the basic wing (x-o-o) characteristics rather than 
in predicting the effects of the extensions on the basic wing character-
istics. This is apparent since, when the theoretical curve is adjusted 
arbitrarily by so shifting the curve that theory and experiment agree 
for the basic wing, the estimated correlation curve is quite good. Hence, 
it can be concluded that, for a given basic wing of known characteristics, 
the effects of inboard plan-form extensions on the drag can be estimated 
reasonably well. 

It is of practical interest to note from figure ll(b) or tables II 
and III the results for a specific illustrative comparison at a Mach 
number of 1.61. For example, the 12-33-67 wing can be compared with 
the 6-0-0 conventional wing, observing, of course, that both wings 
have 6-percent-thick sections throughout. It is to be noted that the 
slight difference in airfoil section of the two wings in the inboard 
region introduces (based on two-dimensional linear theory calculations) 

CONFIDENTIAL



NACA RM L73E07a	 CONFIDENTIAL	 9 

a negligible effect on this minimum drag comparison. 

Wing designation	 °Dmin	 CDminX00 

6-0-a	 0.0238	 0.0238 
12-33-67	 .0186	 .0214.8 

Hence, the 12-33-67 wing, while having only 14. percent more minimum drag 
(a 21-percent lover drag coefficient) than the more conventional 
6-0-0 wing, has 67 percent more wing volume, a parameter of the utmost 
practical importance. 

Drag due to lift (figs. 12 and 13).- The drag-due-to-lift parameter 
is presented in figures 12 and 13 for the 6-x-x wings and 12-X-X wings, 
respectively, as a function of forward extension for constant values of 
trailing-edge extension. At a Mach number of 1.61, the results for both 
wing families are qualitatively the same. In all cases (figs. 12(b) 
and 13(b)) the drag-due-to-lift parameter is less than the reciprocal of 
the experimental lift-curve slope (in radians) indicating that the 
resultant force on the airfoil due to incidence is inclined forward of 
the normal to the chord. The comparison of the experimental drag-due-
to-lift parameter with the reciprocal of the theoretical lift-curve slope 
(figs. 12(a) and 13(a)) for a Mach number of 1.61 is misleading in the 
exceptional agreement indicated In view of the results of figures 12(b) 
and 13(b). This coincidental agreement arises (as will be established) 
because the theoretical lift-curve slopes are too great and thereby 
compensate for the forward inclination of the resultant force vector 
previously mentioned. The data at a Mach number of 2.01 indicate, 
perhaps, a less forward inclination of the resultant force (possible 
exception being 12-0-0 and 12-0-67) than at a Mach number of 1.61 but in 
general are too incomplete to warrant a more positive observation. 

Lift-curve slope (figs. 14 and 15).- The lift-curve-slope data 
(figs. 14(a) and 14(b)) for both the 6-X-X and 12-X-X wing series show 
considerable overestimation of the experimental results by the theory 
at a Mach number of 1.61 with a considerably better estimate, at least 
for the basic wings (x_o-o) at a Mach number of 2.01. The improved agree-
ment at M = 2.01 coupled with the fact that the overestimation at 
M = 1.61 is a maximum for the basic leading edge (and all trailing edges) 
indicates that the main difficulties are, perhaps, associated with the 
sonic leading edge at M = 1.61. The theory (M = 1.61), when adjusted 
to correspond to the experimental data of the basic wing, reasonably 
estimates the effects of the extensions; however, the discrepancies still 
remain significant because only small differences are sought in the first 
place. Regarding the theoretical assumption (M = 1.61) that the rearward 
extension is more effective in producing lift than the forward extensions, 
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the data of figures 14(b) and 15(b) (or table III) appear to substantiate 
this contention. However, it must be noted that, theoretically, the 
wing-body carry-over effect of the rear extension is larger and hence 
may account for a significant part of the added effectiveness. In any 
case, although the experimental data are not conclusive as to the validity 
of the detailed assumptions, the result that the rearward extension is 
more effective is substantiated even for a Mach number of 2.01. 

Maximum lift-drag ratio (figs. 16 and 11).- The data for the maximum 
lift-drag ratio presented for both wing families in figures 16 and 17 
indicate that the adjusted theory quite reasonably predicts the effects 
of the chord extensions except perhaps for the combinations of large 
extensions. In all cases, the addition of the extensions improved the 
maximum lift-drag ratio and reduced the lift coefficient for maximum 
lift-drag ratio. 

To be specific, again compare at a Mach number of 1.61 the same two 
6-percent-thick wings discussed previously: 

Wing designation	 (L/D)max 

6-0-0	 5.88	 0.260 
12-33-67	 6.29	 .213 

Here again the advantages of the extended-root-chord wing are 
evident. The 12-33-67 wing (having 67 percent more volume) has about 
a 6 percent higher maximum lift-drag ratio occurring at a lower lift 
coefficient and with only i percent more minimum drag. Similar gains 
would be anticipated at a Mach number of 2.01. This increase in maximum 
lift-drag ratio appears to be a plan-form effect rather than a Reynolds 
number effect on skin friction (associated with the extended chord of 
the 12-33-67 wing) since calculations made on the assumption of turbulent 
flow on the wings show no material effect on the comparison. 

Two additional points of general interest remain to be noted. The 
first is that these data were obtained from relatively crude models 
designed to facilitate the testing of various arrangements. The results, 
therefore, are to be applied more for indicating trends than for the 
specific numbers presented since, with the use of better airfoil sections, 
improvements in maximum lift-drag ratio could be realized. Secondly, 
these data were obtained solely for supersonic speeds, and hence, in the 
absence of transonic data, no definite conclusions can be drawn concerning 
the possible application of these ideas to configurations which may be 
designed primarily for transonic use with short periods of supersonic 
flight.
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Pitching-moment-curve slopes (figs. 18 and 19).- The pitching-
moment-curve slopes (figs. 18 and 19) reflect the difficulty (mentioned 
previously) in treating each configuration as a separate wing and in 
relocating the moment axis for each wing. The centers of pressure for 
a representative angle of attack, however, show the anticipated rearward 
shift with the addition of rearward extensions and the forward shift 
with the addition of forward extensions. 

CONCLUDING REMARKS 

Tests of a series of inboard plan-form modifications to two 
470 sweptback wings of aspect ratio 3.5 and taper ratio 0.2 were con-
ducted in the Laxgley 14-. by 4-foot supersonic pressure tunnel at Mach num-
bers of 1.61 and 2.01. One wing had 6-percent-thick hexagonal airfoil sec-
tions of constant thickness ratio along the span; the other wing had the 
same sections outboard of the 40-percent-semispan station but with thick-
ness linearly increasing to 12 percent at the model center line. Inboard 
plan-form modifications were made by linearly extending the local chord, 
forward or rearward, from the 40-percent-semispan station to the model 
centerline. Forward or rearward extensions of one-third or two-thirds 
of the basic center-line chord were tested in various combinations on 
each wing. 

The results indicated that, in all cases, the addition of the 
extensions reduced the actual minimum drag (for a given absolute thick-
ness) by an amount which was estimated by theory reasonably well. 
Although the lift-curve slopes of the modified wings (when based on 
wing areas, including extensions) were reduced as anticipated, there was, 
in all cases, a net increase in maximum lift-drag ratio for the extended-
chord configurations. 

A specific comparison of two wings of 6-percent thickness, that is, 
the basic 6-percent-thick wing and the 12-percent-thick wing with 
1/3 forward and 2/3 rearward extensions, indicated that the extended 
12-percent-thick wing had, at a Mach number of 1.61, about 6 percent 
higher lift-drag ratio and only k percent more minimum drag. Similar 
gains were present at a Mach number of 2.01. These gains are further 
enhanced by a volume increase of 67 percent for the extended-chord model. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics,


Langley Field, Va., May 14, 1953. 

/
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TABLE I. -  BASIC DATA 

M=161 M=2.01 

a, deg CL CD L/D
J	

Cm a, deg L C CD
f	

L/D 

Wing 6-0-0 

0.13 0.008 0.0238 0.311 -0.0021 -0.07 0.002 0.0213 0.07 0.0000 
-1.85 -.088 .0262 -3.36 .0147 1.88 .083 .0244 3.40 -.0137 
4.12 .210 .0369 5.68 _.o415 3.08 .131 .0284 11.60 -.0215 
6.07 .306 .0527 5.81 -.0615 4.18 .173 .0340 5.08 -.0279 
8.02 •14.QQ .0753 5.32 -.0789 5.08 .207 .0397 5.21 -.0331 

10.02 .488 .1047 4.66 - .0909 5.97 .240 .0465 5.17 -.0378 
7.08 .354 .0635 5.57 -.0707 6.88 .278 .0549 5.06 -.0426 
5.13 .260 .0442 5.87 -.0519 8.25 .329 .0695 4.73 -.0483 
2.15 .107 .0268 3.99 .01911 9.22 .361 .0805 4.49 -.0514 

.20 .010 .0238 •43 -.0022 -1,85 -.076 .0240 -3.16 .0125 
.0 .002 .0219 .11 -.0002 

Wing 6-33-0  

0.12 0.007 0.0206 0.36 -0.0029 
2.13 .100 .0232 4.32 -.0503 
4.22 .199 .0333 5.98 -.0615 
6.23 .295 .0501 5.89 -.0903 
8.28 .382 .0755 5.20 -.1137 
7.28 .340 .0611 5.56 -.1028 
5.28 .249 .0411 6.06 -.0766 

-1.92 -.087 .0250 -3.76 .0246 
.13 .007 .0205 .33 -.o026 

Wing 6-67-0  

0.08 0.006 0.0186 0.31 .0.0030 0.02 0.002 0.0166 0.11 -0.0010 
-2.15 -.087 .0212 -4 . 11 .0301 2.35 .085 .0202 4.22 -.0288 
2.15 .092 .0210 4.37 -.0337 4.18 .151 .0276 5.48 -.0496 
4.0 .190 .0314 6.06 -.0700 5.32 .190 .0345 5.50 -.0613 
5.30 .237 .0592 6.03 -.0863 5.25 .117 .0232 5.o6 -.0591 
8.05 .344 .0661 5.20 -.1219 -2.13 -.076 . 0192 -3.97 .0249 
7.07 .306 .0552 5.54 - . 1103 7.57 .260 .0518 5.02 -.0813 
6.12 .266 .0455 5.85 -.0968 6.80 .243 .0459 5.29 -.0767 
1.17 .049 .0192 2.55 -.0182 6.15 .214 .0395 5.42 -.0682 

.15 .008 .0186 •44 -.0038 .02 .002 .0165 .13 -.0012
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TABLE I.- BASIC DATA - Continued

i.6i M	 2.01 

a, deg CL L a, deg CD L/D Cm 

Wing 6-0-33 

0.05 0.005 0.0212 0.24 -0.0017 
-2.00 -.090 .0236 -3.83 .0231 
1.97 .095 .0232 4.11 -.0252 
4.00 .195 .0322 6.05 -.0536 
5.93 .288 .0468 6.15 .0804 
7.87 .377 .0673 5.60 .1046 
6.88 .333 .0562 5.93 -.0929 
4.98 . 2142 .0388 6.25 -.0673 
3.08 .150 .0274 5.47 -.0406 
1.02 .051 .0216 2.34 -.0133 

.08 .006 .0211 .27 -.0017  

Wing 6-33-33 

0.10 0.006 0.0185 0.34 -0.002i4-

-1.97 -.o86 .0215 -4.00 .0257 
2.15 .096 .0212 4.4 -.0298 
4.10 .188 .0299 6.28 -.0592 
6.12 .278 .0449 6.19 -.0872 
8.15 .363 .0664 5.46 --1117 
7.08 .322 .0547 5.88 -.1001 
7.15 .234 .0368 6.36 -.0736 
2.15 .096 .0211 4.55 -.0274 
3.13 .141 .0247 5.70 -.0440 

.07 .005 .0184 .29 -.0020  

Wing 6-67-33 

0.05 0.004 0.0169 0.26 -0.0021 
-2.00 -.081 .0192 -4.20 .0270 
2.15 .090 . 0193 4.66 -.0314 
3.15 .134 .0230 5.81 -.0468 
4.23 .180 .0285 6.33 -.0630 
5.27 .223 .0355 6.28 -.0774 
6.32 .267 o445 5.99 -.0920 
7.22 .304 .0535 5.68 -.1039 

.13	 1 .007 .0169 .41 -.0029
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TABLE I. - BASIC DATA - Continued 

=1.61 M= 

a,deg
r

L a, deg CL L C 

Wing 6-0-67 

0.10 0.005 0.0192 0.25 -0.0012 0.00 0.001 0.0171 0.07 0.0000 
-1.85 -.083 .0210 -3.95 .0206 -2.12 .080 .0203 3.96 -.0191 
2.05 .093 .0212 4.38 -.0231 3.02 .114 .0229 4.96 -.0271 
4.03 .184 .0295 6.23 -.0477 3.95 .148 .0268 5.51 -.0352 
14.92 .227 .0351 6.46 -.0593 4.98 .185 .0324 5.71 -.o44o 

• 5.88 .270 .0425 6.36 -.0710 5.97 .219 .0389 5.62 -.o5i8 
6.82 .311 .0509 6.11 -.0819 7.00 .256 .011.72 . 5.43 -.0602 
7.80 .0610 5.80 -.0929 8.10 .2911. .0572 5.14 -.0684 
3.08 .141 .0214.7 5.71 -.0359 -1.98 -.075 .0197 -3.80 .0183 

.15 .007 .0191 .38 -.0017 .07 .002 .0170 .14 -.0005 

Wing 6-33-67 

0.12 0.005 0.0166 0.30 -0.0016 
-1 .90 -.080 .0189 -14.23 .02214. 
2.10 .089 .0190 14.67 -.0254 
3.17 .135 .0225 6.01 -.0391 
14.10 .178 .0272 6.55 -.0517 
5.08 .221 .0333 6.6 -.0642 
6.08 .264 .0410 6.4 -.0763 
7.05 .304 .0497 6.12 -.0877 

.15 .007 .0166 .42 -.0021 

Wing 6-67-67  

0.17 0.007 0.0153 0.44 -0.0025 0.00 -0.002 0.0144 -0.14 0.0006 
2.20 .088 .0177 4.97 -.0281 2.20 .076 .0169 4 .51 -.0228 
3.18 .128 .0210 6.11 -.0411 3.98 .137 .0231 5.94 -.0402 
4.23 .172 .0261 6.59 -.0550 6.90 .235 .0420 5.55 -.o66 
5.25 .213 .0326 6.4 -.0678 8.02 .268 .0519 5.17 -.0762 
6.28 .254 .0406 6.25 -.0802 7.140 .251 .0465 5.59 -.0714 
7.30 .293 .0500 5.86 -.0920 6.02 .206 5.81 -.0591 
8. 33 .333 .0611 5.45 -.1038 5.02 .173 .0288 6.02 -.0503 

-1.98 -.078 .0174 -4.47 .0241 3.02 .107 .0194 5.54 -.0317 
.12 .005 .0153 .31 -.0019. -1.98 -.072 .0165 -4.35 .0212 

.00 .001 x145 , .05,-.0002
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TABLE I. - BASIC DATA - Continued 

I	 M=1.61	 II	 M=2.O1 

a, degj CL I CD I L/D I c1 	 fla, degl CL	 CD IL/DI Cm


Wing 12-0-0 

0.13 0.006 0.0297 0.20 -0.0018 0.03 0.002 0.0266 0.08 0.0004 

	

2.05	 .095 .0323 2.95 -.0170 2.22	 .090 .0297 3.04 -.0139 

	

11.13	 .197 .0414 14 .75 -.0369	 3.05	 .122 .0323 3.77 -.0186 

	

6.03	 .293 .0562 5.21 -.0563	 4.05	 .162 .0370 14.38	 .02115 

	

8.05	 .384 .0782 14.91 -.0734	 5.12	 .202 .014314. 11.65 _()99 

	

8.98 .430 .0911 4.71 - .08011. 6.10	 .240 .0511 4.69 ....0349 

	

7.07	 .339 .0666 5.08 -.0653	 7.18	 .281 .0608 11.62 -.0398 

	

5.15	 .214.6 .0483 5.09	 .01169	 8.10	 .315 .0702 11. 14.8 _.01434 

	

3.22	 .151 .0366 11.12 -.0271 -2.08	 .084 .0287 -2 .92	 .0126 
-1.88 -.087 .0320 , -2.73	 .0139	 .03	 .001 .0267	 • Q14. -.0003 

	

.15	 .005 .0296	 .18 -.0017  
Wing 12-33-0 

0.13 0.006 0.0252 0.24 -0.0026 

	

2.13	 .094 .0277 3.38 -.0280 

	

417	 .188 .0363 5.18 -.0624 

	

6.23	 .2814. .0528 5.37 _.o864 

	

8.30	 .3714. .0762 11.91 -.1115 

	

7.28	 .329 .0636 5.18 -.0995 

	

5.27	 .239 .o446 5.37 -.0732 

	

3.30	 .147 .0321 4.57 _.o1443 
-1.90 -.0814 .0273 -3.08	 .0235 

	

.12	 .005 .0251	 .22 -.0023 

Wing 12-67-0 

0.12 0.007 0.0216 0.31 -0.0029 0.03 0.001 0.0191 0.06 -0.00011. 

	

2.10	 .089 .0248 3.57 -.0323 2.37 	 .083 .0221 3.77 -.0276 

	

14.22	 .180 .0341 5.29 -.0662	 14.20	 .147 .0292 5.02	 .0474 

	

6.25	 .267 .014.99 5.34 -.0963	 5.28	 .1811. .0359 5.114 -.0590 

	

7.22	 .307 .0593 5.17 -.1096 6.35	 .219 .0435 5.03 -.0691 

	

5.23	 .223 .0410 5.414. -.0813 -2.17 -.077 .0215 -3.56	 .0251 

	

3.23	 .136 .0286 4.76 -.0498	 7.25	 .211.3 .014.92 14 .95 -.0753 
-1.85 -.075 .0239 -3.15 	 .0263 8.15	 .272 .0576 4 .72 -.0834 

	

.12	 .007 .0222	 .30 -.0029 
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TABLE I.- BASIC DATA - Continued 

a, deg CL CD FL/D] a, deg CL CD L/D Cm 

Wing 12-0-33 

0.12 0.007 0.0273 0.27 -0.0021 
-1.92 -.o8' .0277 -3.03 .0211 
2.07 .093 .0278 3.35 -.0243 
3.05 .10 .0311 4.49 -.0365 
4 .03 .187 .0360 5.20 -.0502 
5.02 .236 .O425 5.55 -.o637 
5.98 .280 .0501 5.59 -.0768 
6.97 .325 .0595 5.7 -.o896 
7.90 . 371 .0701 5.29 -.1019 
.17 .007 .0252 .26 -.0019 

Wing 12-33-33 

0.10 0.006 0.0211 0.27 -0.0021 
-1.83 -.078 .0232 3.34 .0230 
2.12 .090 .0235 3.82 -.0275 
3.23 .140 .0274 5.11 -.0135 
.20 .181. .0323 5.69 -.0576 
.18 .229 .0388 5.89 -.018 

6.17 .274 .0+70 5.83 -.0878 
7.17 .315 .0565 5.57 -.0982 
.15 .007 .0211 .35 -.0024-

Wing 12-67-33 

0.08 0.005 0.0187 0.25 -0.0018 
2.10 .086 .0209 4.10 -.0298 
1 .27 .178 .0299 5.94 -.0620 
6.37 .26 11. .0456 5.79 -.0909 
-1.93 -.078 .0209 -3.71 .02611. 

.12 .005 .0186 .25 -.0018 
3.12 .128 .0241 5.31 - 
5.13 .2111. .0356 6.00 -.0744 
8.10 .336 .0611.11. 5.22 -.1140
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TABLE I. - BASIC DATA - Concluded 

=1.61 

a, deg CL
I

L a, degj L/D Cm 

Wing 12-0-67 

0.17 0.006 0.0223 0.25 -0.0013 0.05 0.001 0.0206 0.04 0.0000 
2.02 .086 .0245 3.14 9 -.0209 2.15 .078 .0229 3.41 -.0180 
4.00 .177 .0320 5.53 -.o445 3.03 .110 .0253 14.34 -.0255 
5 . 92 .264 .0449 5.88 -.0679 4.00 .145 .0293 4.94 -.0335 
7.98 .348 .0639 5.45 -.0901 5.03 .182 .03147 5.23 -.0419 

• 6.8 .305 .0530 5.76 -.0790 6.00 .215 .0409 5.26 -.0496 
14.98 .221 .0378 5.83 -.0561 7.08 .253 .0494 5.12 -.0578 

-1.85 -.080 .0246 -3.24 .0193 7.92 .282 .0569 4.96 -.0641 
-1.98 -.074 .0223 -3.32 .0175 

.03 .001 .0206 .04 .0000 

Wing 12-33-67 

0.08 0.004 0.0187 0.21 -0.0011 
2.03 .083 .0207 4.00 -.0232 
4.10 .172 .02814. 6.014. -.0493 
5.03 .213 .0339 6.29 -.0615 
6.05 .256 .0414 6.17 -.0737 
6.97 .295 .0496 5.95 -.0847 
8.03 .334 .0599 5.57 -.0951 
1.13 .045 .0191 236 -.0126 

-1.90 -.077 .0207 -3 . 71 .0214 
.10 oo4l 0186 .21 -.0011 

Wing 12-67-67 

0.15 0.005 0.0166 0.29 -0.0015 0.02 0.001 0.0151	 0.05 0.0001 
-1.97 -.076 .0191 -4.00 .0239 2 .30 .074	 .0178	 4.1 -.0217 
2.10 .082 .0188 4.35 -.0257 14.12 .134	 .02141	 5.57 -.0389 
3.17 .125 .0222 5.62 -.0395 5.22 .168	 .0298	 . 61i- -.011-83 
4.22 .168 .0272 6.17 -.0532 6.27 .201	 .0366	 5.49 -.0573 
5.17 .206 .0330 6.24 -.0651 7.43 .236	 .0453	 5.21 -.0669 
6.27 .250 .0413 6.014 -.0783 -2.10 -.070	 .0174 -4.02 .0209 

.15 .005 .0165 .29 -.0015
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of	 - 

(a) The 6-0-0 wing in combination with body. 

Figure 3.- Wing-body configurations. 
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Figure 3.- Concluded. 
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X-67-67 
1.651 
.086 

1.238 

051 

1.524 
.100 

1.077 
2.620 

030 
.060

X_t
6 i Wing	 designation 

Area, sq ft 1397 
Taper ratio .120 
Meoi	 aerodynamic chord, ft .923 
Aspect ratio 2 .860 
Center	 lire	 thickness	 ratio: 

6-X-67 036 
12-X-67 072
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Constant leading edge sweep 

Constant trailing	 edge sweep

4070 7O 

;^51.6'30 

Wig d 1notion	 X-0-0 X-33-0 X-6 -0 
Area, sq	 1.143 1270 1397 
Taper ratio	 200 .150 .120 
Mean aerodynomic chord, ft	 .656 .782 923 
Aspect ratio	 3.500 3.150 2.860 
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Figure	 Geometry of wing-body-combinations. 
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Figure 5.- Lift and drag characteristics for 6-x-x wing configurations. 
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Figure 6.- Lift and drag characteristics for 12-X-X wing configurations. 
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12-X-X wing configurations. 
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Figure 12.- Drag due to lift characteristics of 6-X-X wing configurations. 
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