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RESEARCH MEMORANDUM 

THE SINE-COSINE METHOD FOR REDUCING THE INTERFERENCE 

PRESSURE DRAG OF SWEPTBACK WINGS 

By Maxime A. Faget 

SUMMARY 

A design procedure for reducing the interference pressure drag of 
the root and tips of sweptback wings is described. This is accomplished 
by modifying the fuselage cr oss - sectional area in the vicinity of the 
wing root and by adding specifically shaped stores at the wing tips in 
order that the rate of change of cross - sectional area of these bodie s is 
proportional to the wing - section thickness. The constant of proportion
ality is the product of the sine and cosine of the local angle of sweep
back. This method, called the sine - cosine method, was arrived at by 
using one-dimensional incompressible flow relations to obtain average 
spanwise flow defl e ctions over the wing. Experimental and theoretical 
pre ssure-drag value s from Mach number 0.9 to 1.35 for configurations 
de signed by this method were compared with the value s of two similar 
configurations de signed by the transonic and supersonic area-rule methods . 
Although the sine-cosine configuration with wing-tip stores had more 
usable volume than the area-rule configurations, it was found to have 
lower drag than the transonic area-rule configuration and approximately 
the .same drag as the supersonic area-rule configuration . 

INTRODUCTION 

The transonic -drag coefficient of sweptback wings of finite span 
is considerably greater than the t heoretical values for corresponding 
yawed wings of infinite span. This is caused by the interference from 
the flow field of one panel upon the other at the center and from the 
change s in the flow field at the tips . Methods have been proposed for 
alleviation of t he interference at the center by shap ing the body (refs. 1 
and 2), and experimental results have indicated that considerable reduc
tion in the interference drag may be obtained by these methods (refs. 3, 
4, 5, and 6). Similarly, interference drag reductions were obtained by 
indenting the side s of the body to conform with the predicted surface 
streamline over the wing. (See refs. 7, 8, 9, and 10.) 

L.~ __ 
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The transonic area rule (ref . 11) has demonstrated the importance 
of the cross - sectional area variation in the alleviation of interference 
effects . Therefore , it was considered likely that modifying the fuse
lage cross - sectional area along the wing root chord to allow for the 
inward displacement of the natural stream flow (as in the case of the 
infinitely yawed wing) might be sufficient to alleviate the wing-root 
interfer ence . Similarly, the interference produced by the flow discon
tinuityat the wing tips could be alleviated by small shapes at the tips. 
A simple method approximating the lateral area displacement of the stream
lines was devised, and experimental tests of the effectiveness of this 
scheme were made for a Mach number range from 0.9 to 1.35 by use of 
450 swept-wing r ocket-powered models. 
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SYMBOLS 

cross - se ct ional area normal to body axiS, sq in . 

acce l eration, ft/sec2 

drag coefficient based on S 

pressure-drag coefficient based on S 

vertical distance between imaginary planes channeling the 
flow over the wing 

acce l eration due to gravity, 32.2 ft/sec2 

length of body, in . 

free - stream dynamic pressure , lb/sq ft 

Reynolds number (based on wing mean aerodynamic chor d ) 

body r adius, in . 

wing area, l eading and t r ailing edge extended to fuselage 
center line, sq ft 

l ocal wing thickne ss 

loca l stream velocity 

component of loca l stream velocity normal t o wi ng leadi ng 
edge 

j 
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component of local stream velocity tangential t o wing leading 
edge 

W 

x 

y 

r 

A 

component of local velocity parallel to flight path 

component of local velocity normal to flight path and parallel 
to wing p lane 

weight) lb 

distance measured from nose) rearward along body axis 

distance from body axis to body side 

elevation angle of flight path 

angle of sweepback 

APPROXIMATION OF AREA DISPLACEMENT BY STREAM SHEETS 

The flow over a yawed wing of infinite span may be considered to 
consist of a vector normal to the wing leading edge and a vector tangen
tial to the wing l eading edge. The tangential velocity vector will 
remain unchanged as the air passes over the wing; whereas) the normal 
velocity vector is changed in magnitude a s the flow i s accelerated over 
the airfoil . The amount of change in magnitude of this vector is of 
course different at various distance s away from the wing surfaces as 
well as along the chord. By recombining the tangential and normal vec
tors in various regions of the flow which are affected by the airfoil) 
a resultant vector is obtained which describes the local direction of 
the flow . 

An acceleration of the flow over the wing results in an increase 
in magnitude of the vector normal to the wing leading edge and thus the 
flow is turned inwardly. Similarly) where the flow is decelerated it 
is turned outwardl y . A set of streamlines orignating as a vertical 
plane oriented along the axis of flight (the wing considered to be in 
the horizontal plane) make s up the stream sheet of interest to this 
analysis . As this stream sheet passes over and under the wing) it is 
first turned inwardly and then outwardly) the portion closest to the 
wing being deflect ed the most . 

When the air i s allowed to pass freely over the yawed wing) the 
Mach number normal to the l eading edge determines the extent of COID
pressi~ility effects on the flow. Therefore) transonic free-stream 
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Mach numbers should be obtainable with negligible drag rise. The usual 
sweptback wing of finite span will not ordinarily achieve this flow 
condition be cause the stream sheet of both wings is deflected toward the 
center and, as transonic speeds are approached, the stream flow caught 
between these stream sheets is unable to accommodate the area reductio~ 
required . Accordingly, one approach to reducing the drag at transonic 
speeds is to estimate the inward area displacement of the stream sheets 
and then tailor the cross - sectional area of the fuselage in the vicinity 
of the wing root to accommodate this displacement . Similarly, at the 
wing tips the necessary inward displacement of the stream sheets may 
be created by small properly shaped bodies. 

In order to determine exactly the displacement of the stream sheet, 
it would be ne ce ssary to determine the velocity profile that exists for 
some distance outward over the wing at every wing station. However, 
this inward displacement may be approximated by assuming the following 
simplifying conditions: (1) the flow is incompressible (2) the normal 
velocity does not vary at anyone station with distance outward from 
the wing surface to the limit of the stream sheet under consideration 
(that is, one-dimensional flow), and (3) the spanwise ve locity compo
nent is constant . 

Consider that the flow is confined between a pair of parallel planes 
above and below the Wing. The distance D between these planes is shown 
in the following sketch : 

Station 0 Station 1 

At station 0 the normal velocity is VN 0 and at station 1 the , 
normal ve locity will be 

V 
N, O D - t 

D ( 1) 
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The increase in velocity is therefore 

f::NN = VN 0 (_D_ - 1\ 
, D - t -; 

The magnitude of sidewise area displacement by this velocity 
increase is next determined. This is illustrated by the following vec
tor diagram: 

-_Yo >- "- I 

vl 
6.VN Vy 1 , = 6.VN sin A 

Vx 1 , ~ 

where 

dA Vy lD 
- = ' 
dX Vx 1 , 

(4 ) 

Thus, 

dA 6.VW sin A 

dX Vx 1 , 
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The f ollowing equation is ob tained when equation (3) i s substituted into 
equat i on ( 5) : 

and 

a nd 

Thus , 

dA 

d.X 

dA 

d.X 

= 
D 

Vot - - t 
D - s i n A cos A 

Vx 1 , 

Now l et D be come very l arge with re spe ct t o t j then 

dA 
d.X 

D -7 1 
D - t 

t sin A cos A 

(6) 

( 8) 

For a wing t hat is tapered as well a s swept, t he variation in local 
sweep angle along the chord must a lso be cons i dered . A graphi cal method 
f or de t ermination of the variat i on of area di splacement a l ong the chord 
f or a tapered wing is pre sented in the appendix f or the experimental 
models repor t ed her e in . The fuselage-modifi cation method de scr i bed by 
equation ( 8) will hence f orth be referred t o a s the sine-co sine method 
in thi s repor t . 

It is of interest t o note t hat t he s ine-cosine method will a t the 
most require only half as much area modification as that required by the 
area r ule for a 450 sweptback untapered wing. There are a l so ot her dis 
s i milaritie s . The s ine-cosine modification i s applicable only to swept
back wings and is specified only along the wi ng root chor d . Also, the 
sine - cos ine method spe ci fie s t he var i a t ion of fuselage area along the 
r oot chor d j whereas , the area r ule specifie s the fuse lage ar ea to be 
r emoved in or der that a smooth equiva lent body pr ofile may be achie ved. 
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MODELS 

In order to investigate the effectiveness of the sine-cosine method, 
a flight test program was undertaken by the Langley Pilotless Aircraft 
Research Division. The general configuration chosen was the same as 
that used in a previous investigation (ref. 12) in order that compari
sons could be made as to the relative effectiveness of the area-rule 
modifications. 

The basic wing-body configuration had a wing swept at 450 along the 
25 -percent chord line, a taper ratio of 0.6, an aspect ratio of 4, and 
an NACA 65A004 airfoil section. The fuselage was a parabolic body of 
revolution with a fineness ratio of 12.5. The maximum diameter was at 
the 40-percent station and the ratio of the base diameter to maximum 
diameter was 0.5. This basic configuration will be designated as con
figuration A in this report. The basic configuration with the body 
indented according to the area rule for M = 1 and M = 1.2 will be 
designated as configurations B and C, respectively. These configura
tions have been previously tested and the results reported in reference 12 . 

The fuselage of configuration D was modified according to the sine 
cosine method . This was accomplished in the following manner. From the 
nose to the leading edge of the wing root chord the body was identical 
to the basic body. Along the wing root chord the body cross-sectional 
area was determined by subtracting an area from the cross-sectional area 
of the body at the leading-edge station . The area to be subtracted was 
determined by graphical integration according to equation (8) but with 
allowance made for the effect of wing taper. The method of determining 
the area to be removed is outlined in the appendix. From approximately 
the trailing edge of the wing root chord to the base of the fuselage, 
the fuselage ordinate s were determined by fairing in a parabolic curve. 
The maximum diameter of this parabolic afterbody was in the vicinity of 
the wing trailing edge and matched the minimum diameter specified by the 
body modification procedure; the base diameter was equal to that of the 
basic configuration. A three-view drawing of configuration D is shown 
in figure 1 . 

The fuselage of model E had the same cross-sectional-area variation 
along its length as mode l D but the cross-section shape was different, 
having been modified by flattening the sides in the vicinity of the wing. 
This modification was made in order that the sides of the fuselage would 
follow the same streamline contour as that specified in reference 9 for 
the streamline flow in the immediate vicinity of the wing surface . It 
should be noted that the wing plan form and airfoil used in this inves
tigation are the same as that used in reference 9. 
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The fuse lage of model F was identical to the fuselage of model D. 
Hode l F, however, had small bodies of revolution on t he wing tips . These 
shape s , which will be referred to as tip stores, originated at the leading 
edge of the tip chord . The cr oss - se ctional -area variation of the tip 
stor e along the tip chord was in accordance with the sine-cosine method. 
Behind the wing -tip trailing edge, the tip stores were fa ired to a pointed 
base with a parabolic curve. The tip stores had a fineness ratio of 11 . 6 . 

Table I presents the body ordinate s for models D, E, and F; table II 
presents the ordinate s of the wing - tip stores for model F; and table III 
pre sent s the air foil ordinate s for the NACA 65A004 airfoil used on the se 
configurations . Some details of the models t e sted may be noted in the 
photographs of the individual models . (See fig . 2 . ) Mode l F assembled 
on its booster and ready for launchi ng is shown in a photograph taken 
at the launching site . (See f ig . 3 .) 

A comparison of body contours is presented as a variation of body 
radius with station f or models A, B, C, D, and F in figure 4 (a) . In 
figure 4 (b) the body shape of model E is -compared with that of models D 
and F . Model s Band C had a body volume equal to 82 percent of that of 
mode l A, the basic model; whereas model s D, E, and F had a body volume 
equal to 94 percent of that of model A. Mode l F had, in addit ion, the 
volume of its wing - tip store s which was equal to 3t percent of the basic 

body volume. It is uncertain, however, that the volume of these store s 
would always be valuable in pr actical applications. 

TESTS AND MEASUREMENTS 

All the mode l s we r e t e sted at t he Langley Pilotle ss Air cr aft Re search 
Station at Wal lops I sland, Va . They were propelled f r om zero - l ength 
launchers by fin - stabilized 5- by 65 - inch rocket motors to supersonic 
speeds . After burnout of the r ocket motor s , the mode ls drag - separ ated 
from the booster s and de ce l erated through the t est Mach number range. 
Velocity and t r aj e ctor y dat a were obtained from the CW Doppler ve loci 
meter and NACA modified SCR - 584 t r acking r adar unit, re spe ctively . A 
survey of atmospheric conditions including winds aloft wa s made by rawin
sonde mea surement s from an ascending balloon that was r e l eased at the 
t ime of each launching . 

The flight tes ts cover ed a continuous r ange of Mach numbers which 
varied from appr ox i mat e l y 0 . 9 to 1 . 35 . The corre sponding Reynolds num-

bers var i ed from appr oximately 3 .0 x 106 t o 5 . 75 x 106 , based on wing 
mean aerodynamic chor d , as is shown in figure 5 . 

----- . -- .- - - -
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The values of total drag coefficient, based on total wing plan
form area, were obtained during dece lerating flight with the following 
expre ssion: 

W (a + g sin ,) 
ClgS 

where a was obtained by differ entiating the velocity time curve from 
the CW Doppler velocimeter. A more complete description of reducing 
the data is given in reference 13 . 

9 

The probable error in total drag coefficient was estimated to be 
less than ±0 .0007 at supersonic speeds and less than ±0.001 at subsonic 
speeds. The Mach numbers were de termined within ±0 . 01 throughout the 
test r ange. 

RESULTS AND DISCUSSION 

Total Drag 

The drag value s obtained from the flight tests of models D, E, and F 
are presented in figure 6 as plots of drag coefficient against Mach num
ber . Also shown in the se figures is the friction drag coefficient which 
was arrived at in the following manner . It was assumed that'all of the 
drag at M = 0 . 9 was due to f r iction; the resulting friction drag coef 
ficient was then gradually reduced with increasing Mach number and Reynolds 
number at a rate that was det ermined from flat -plate theory. 

It should be noted that model E, the configuration with the 
streamlined- contoured Sides , had 20 percent more drag at subsonic speed 
than the other two models . Whereas this subsonic drag has been all 
attributed to friction, it may very easily have resulted from some other 
type of flow phenomenon such as vortex formations or separation at the 
fuselage corners . Similar large differences in subsonic drag level were 
previously reported in reference 8. However, in that case the circular
cross - section fuselage produced the highest drag. 

It is also interesting to note that model F, the model with the tip 
stor es , showed an unusually gradual drag rise. Although no reasonable 
explanation can be made for the shape of the drag-rise curve, the low 
drag level has been substantiated by theoretical calculations at speeds 
greater than M = 1.07 . 

------------------- -
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Pressure Drag 

I n figure 7 the pre ssure drag coefficients for models D, E, and F 
are presented. Experimental pressure drag coefficients were obtained 
by subtract ing the friction drag coefficient from the total drag coef
ficients shown in figure 6. Theoretical pre ssure drag coefficients 
were obtained using the calculation procedures of references 14 and 15. 
The theoretical drag calculations were carried out using 33 harmonics 
for the Fourier sine series solution. Since the body cross-sectional 
area was the same for models D and E, the theoretical drag is the same. 
However, above M = 1.0, the experimental pressure drag of model E was 
10 to 20 percent less than that for mode l D. References 8 and 9 showed 
similar drag reductions r e sulting from contouring the fuselage sides to 
conform with the wing - surface streamline . 

Fairly good agreement between theoretical 
drag for the three models t e sted is indicated. 
agreement between experimental and theoretical 
reference 12 for models A, B, and C. 

Dr ag Comparison 

and experimental pressure 
Approximately the same 

r e sults is shown in 

I n figure 8(a) experimental pre ssure drag coefficients of models D 
and F are compared with mode ls A, B, and e of reference 12. A similar 
comparison of theoretical drag coefficients is shown in figure 8(b). 
Although the experimental drag curve s wer e generally higher than the 
theore tical drag curves, the following comparative results may be obtained 
from e ither set of curves. The basic model (model A) had considerably 
higher pressure drag than any of the modified models. From M = 1 .15 
to M = 1 .3, the M = 1 .0 mode l (mode l B) had essentially the same drag 
as the sine - cosine model (mode l D) and the M = 1.2 mode l (mode l C) had 
essentially the same drag as the sine - cosine model with tip store s 
(mode l F) . Furthermore , models B and D had considerably more drag than 
mode ls C and F in this Mach number range. From M = 1 .0 to 1 .05, the 
I~ = 1 . 2 mode l (mode l C) and the sine-cosine model (mode l D) had cl ose 
to the same drag . 

The sine - cosine modification without the t ip stores (model D) appears 
to be the l east effective of the body modifications in reducing the drag 
over the ent i re Mach number r ange. However , the sine-cosine body modifi 
cations reduced the vol ume of the basic body by only 6 percent as com
pared to 18-percent reduction for the a rea -rule modification (mode ls B 
and e) . An adjustment in fr ontal area to equal ize the volume would quite 
likely also equalize the drag value s . 

The sine - cosine model with t he tip st ore s (model F) pr oved t o be 
the be st all -ar ound de sign . It had t he l east drag or near ly the l east 
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drag at all Mach numbers. Since it only had a 6-percent decrease in 
fuselage volume as compared to the basic body, it would show up even 
better if a volume adjustment had been made. In addition, the volume 
of the tip stores (~ percent of the basic body volume) is obtained as 

a byproduct of the modification. 

By comparing model D (sine-cosine) with model F (sine-cosine plus 
stores), it can be seen that the addition of the tip stores resulted 
in an appreciable reduct ion in the pressure drag. An area-rule explana
tion for this may be found in that the addition of the store lengthens 
the bump caused by the wing on the area diagram (fig. 9). However, it 
should be pointed out that the store does not completely "correct" the 
area distribution and the resulting area diagram is not nearly as smooth 
or ideal as that of model B. Pressure-drag benefits from stores located 
in a rearward position on the wing tip were also reported in reference 16. 
A theoretical basis for the concept of employing auxiliary bodies along 
the wing was developed in reference 17. Thus, it can be seen t~t the 
proposal to use stores for drag reduction is neither new nor in conflict 
with existing theory. 

It should be apparent that there is a basic difference in the area
rule modification and the sine -cosine modification. In the usual case 
of area-rule modifications, the interference drag from the wing in the 
region of the wing tip, as well as the wing root region, is reduced by 
fuselage modifications . The sine-cosine modification is applicable only 
to sweptback wings and attempts to reduce only the wing-root interference 
by fuselage shaping; reduction of wing-tip interference is accomplished 
at the wing tip with a specifically shaped store. The advantage of the 
use of wing-tip stores is apparent when it is considered that pressure 
fields emanating from fuselage shapes are partially dissipated out at 
the wing tip and are properly located only at one Mach number. 

Since area-rule analysis was used to make theoretical pressure drag 
calculations which showed the sine-cosine method to be very effective , 
the sine-cosine method obviously is not in disagreement with the area 
rule. The sine-cosine method, however, offers an alternate design pro 
cedure when low drag is desired over a fairly wide Mach number range. 

CONCLUDING REMARKS 

A method for reducing the interference pressure drag of the root 
and tip of sweptback wings has been developed. Models designed by this 
method have been compared experimentally and theoretically with models 
designed by the transonic and supersonic area-rule method. These com
par isons were made useing a 450 sweptback-wing configuration over the 
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speed range f r om Mach number 0 . 9 to 1 .35 . The main results of this 
investigation are as follows : 

1 . Exper imental and theoretical results were in general agreement 
in that both indicated the same r e lative order of drag levels for the 
various configurations . 

2. All modifications to the basic configuration effected consider
able reductions in pressure drag . 

3. The area-rule modifications were better than the sine-cosine 
modifications without tip stores in reducing pressure drag. However, 
the area-rule modifications required a volume reduction of 18 percent 
of the basic fuse lage volume as compared to a reduction of only 6 per 
cent for the sine-cosine modification. 

4 . The sine - cosine modification with tip stores was better than the 
transonic area-rule modification and equal to the supersonic area-rule 
modification in reducing the drag over the Mach number range. A volume 
adjustment to the sine - cosine configuration with tip stores would make 
this configuration better than the supersonic area-rule configuration . 

Langley Aeronautical Laboratory , 
National Advisory Committee for Aeronautics, 

Langley Field, Va . , April 5, 1957. 
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APPENDIX 

GRAPHICAL METHOD USED FOR TAPERED WINGS 

Equation ( 8) was derived for an untapered wing. In applying this 
equation to the case of a tapered wing, the wing may be treated as a 
succession of slightly tapered spanwise strips, each strip having a 
different sweep angle. If the strips are made small enough, there is 
essentially no difference in the sweep angle of the leading edge and 
trailing edge of the strip. Each strip is treated as if it were of 
triangular cross section with the difference in thickness between leading 
edge and trailing edge of the strip used as the height of the triangle. 

Thus the change in dA from the leading edge to the trailing edge of 
dX 

the strip is proportional to the change in thickness, and the following 
equation is obtained: 

d t " "d t ( tan l\. ) dX sin H cos it = dX ----:::2---
tan l\. + 1 

(10) 

Inasmuch as the thickness variation of most airfoils may not be 
given in equation form, the double integration must be carried out graph
ically . This was done for the wing used in this report by using the fol 
lowing procedure. 

The wing was first laid out in 10 strips as shown in the following 
sketch : 

1- X )0 

The average slope of each str ip is determined along with the change 
in thickne ss across the strip . Since there are two wings, twice the 
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change in thickness is used i n the calculations. The calculat i on of 
dA is carried out for t he r oot chord a s follows : 
dX 

t ~t Average 
d
2
A X, ( one wing) , Strip (two wings ) , slope , tan A dA -- -

in . in . in. tan A t an2 A + 1 dX2 dX 

0 0 
1 0.412 1.05 0.4994 0 .2057 

.85 .206 0. 2057 
2 .148 1. 025 .4999 .0740 

1. 70 .280 .2797 
3 .084 1.00 ·5000 .0420 

2·55 ·322 ·3217 
4 .034 .975 .4998 .0170 

3.40 ·339 .3387 
5 -. 014 . 95 .4993 - .0070 

4.25 ·332 ·3317 
6 -. 072 .925 .4985 .0359 

5·10 .296 .2958 
7 -. 116 .900 .4972 .0577 

5·95 .238 .2381 
8 -.148 .875 .4956 .0733 

6.80 .164 .1648 
9 -.162 .85 .4935 .0799 

7·65 .083 .0849 
10 -.162 .825 .4909 .0795 

8·50 .002 .0054 

Then , dA 
dX 

is plotted against 

t o deter mine the variation of 

x. The resulting curve is then integrated 

A with X. In figure 10, ~ and A 

are plotted against X. This area is subtracted from the area of the 
f uselage at the wing- r oot leading edge to determine the fuselage area 
along the r oot chor d . Inasmuch as the tapering of the fuselage exposed 
additional wing cr oss - sectional area between the fuselage and the r oot 
chord extended fr om the l eading -edge --fuselage juncture, a small correc
tion in fuselage cr oss - sectional area was included . The cross-sectional 
area for the tip stores was determined from the wing -root calculations 
by geomet ric scaling, the area being pr oportional to the square of the 
ratio of tip chord t o r oot chord . 
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TABLE I 

FUSELAGE ORDINATES FOR I-DDELS D, E, AND F 

Station, Radius of models D and F, Radius of model E, Width of model E, 
in. in . in . in . 

0 0 0 0 
1 .194 .194 .194 
2 ·315 ·315 .315 
3 ·544 .544 · 544 
4 ·700 · 700 ·700 

5 .844 .844 .844 
6 .975 ·975 ·975 
7 1.094 1 .094 1.094 
8 1.200 1.200 1.200 
9 1 .296 1.296 1.296 

10 1.373 1.373 1.373 
II 1 .444 1 .444 1 .41+4 
12 1 · 500 1.500 1.500 
13 1 . 544 1 ·544 1.544 
14 1·575 1 ·575 1 ·575 

15 1·594 1·594 1 ·594 
16 1.600 1 .600 1.600 
17 1 .583 1 .586 1.539 
18 1 ·554 1.563 1.468 
19 1 · 518 1.534 1 ·393 

20 1 .479 1·508 1.315 
21 1 .444 1.490 1.239 
22 1.412 1.482 1.181 
23 1·393 1 .484 1.143 
24 1.384 1.485 1 .130 

25 1.376 1.475 1.130 
26 1.363 1.455 1 .130 
27 1 .346 1 .427 1 .130 
28 1 .326 1·395 1 .130 
29 1 ·302 1.358 1.130 

30 1 .275 1.316 1.130 
31 1 .244 1 .271 1.130 
32 1 .209 1 .224 1 .130 
33 1 .171 1.177 1 .127 
34 1 .129 1 .130 1 .ll4 

35 1.083 1.083 1.083 
36 1 .034 1.034 1.034 
37 .981 .981 . 981 
38 . 924 · 924 .924 
39 . 864 .864 . 864 
40 .800 .800 .800 

L ________ _ 
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TABLE II 

WING- TI P STORE ORD INATES 

FOR MODEL F 

Stat ion , Radius , 
in . in. 

0 0 
.6 .111 

1. 2 .189 
1. 8 .243 
2.4 .288 
3 ·0 ·322 
3 .6 .343 
4 .2 .355 
4 .8 .358 
5. 4 .354 
6 .0 .342 
6.6 ·321 
7·2 .290 
7.8 .255 
8.4 .210 
9 ·0 .157 
9.6 .095 

10 .4 0 
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TABLE III 

COORDINATES OF NACA 65A004 AIRFOIL 

[St ations measured from 
leading edge] 

Stat ion, 
percent chor d 

o 
·5 
.75 

1. 25 
2 · 5 
5 ·0 
7· 5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

L.E. radius: 
T.E. radius: 

Or dinate, 
percent chord 

o 
·311 
. 378 
. 481 
.656 
. 877 

1.062 
1 . 216 
1. 463 
1. 649 
1 ·790 
1.894 
1 .962 
1 . 996 
1 . 996 
1 . 952 
1 . 867 
1 · 742 
1 · 584 
1.400 
1. 193 

.966 

.728 

.490 

.249 

.009 

0.102 percent chord 
0.010 percent chor d 

19 
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Figure 1 .- General details and dimensions of configuration D. All dimens i ons are in inches. 
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NACA RM L5'JD24 

(a) Model D with sine-cosine indentation. 

(b) Model E with streamline-contoured sides. 

L-57-l555 
(c) Model F with sine-cosine indentation and wing-tip stores. 

Figure 2 .- Photographs of configurations tested. 
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• 

Figure 3 . - Photograph of model F and b ooster on launcher. L-93084 . 1 
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"',~ ' ......... " " ~ sine-cosine 

~ ---..:: 

J' -, ------..:::::::: 
~------ ~ 

1. 5 

., 
" ;:: 
0 
c ... 1.0 
.: Model C, M = 1.2 7-- ~ 

Model S, M = 1.0.-1 ~~ 

.5 

o 5 10 15 20 25 30 35 40 
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(a) Body-radius variation of models D and F compared with that of models AJ 
BJ and C from reference 12. 
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(b) Cross - sect ion shape of model E compared with circular cross section 
of models D and F. (E~ual cross - sectional areas at all stations .) 

Figure 4 .- Comparison of body shapes . 
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Figure 5. - Variation of Reynolds number with Mach number for models 
tested . Reynolds number is based on wing mean aerodynamic chord. 



4G NACA RM L57D24 

.020 

.015 

• 010 

.005 

.9 

-

-

1.0 1.1 
Mach Number 

:tt 
-

C ' Dtota1 
-

• 

CDfriction 

1.3 

(a) Model D (sine - cosine with circular cross section) . 
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(b) Model E (sine-cosine with streamline-contoured sides) . 
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(c) Model F ( sine-cosine plus wing-tip stores). 

Figure 6 .- Drag coefficients for models tested. 
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(a) Mode l D (s i ne - cosine with circular cross section) and model E (sine 
cosine with streamline-contoured side s) . 
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(b) Model F (sine-cosine plus wing- tip store s) . 

Figure 7 . - Pressure-drag coefficients for models t ested . 
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(b ) The oret ical pre ssure-drag coefficients. 

F igure 8 .- Compar ison of pressure -drag coefficients . 
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Figure 10.- Plot of dA/dX and A against X for determination of 
variation of body cr oss- sectional area. 
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