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RESEARCH MEMORANDUM

THE EFFECT OF BODY CONTOURING ON THE LONGITUDINAL
CHARACTERISTICS AT MACH NUMBERS UF TO 0.92 OF A
WING-FUSELAGE-TATII. AND SEVERAL WING-FUSELAGE
COMBINATIONS HAVING SWEPTBACK WINGS OF
RELATIVELY HIGHE ASPECT RATIO

By Fred B. Sutton and J. Walter Lautenberger, Jr.
SUMMARY

An investigation has been conducted to determine the effect of a
Klichemann type fuselage modification designed to reduce the interference
velocities at the wing-fuselage junctures on the longltudinal character-
istics of a wing-fuselage-tail combination and seversl wing-fuselage
combinations. The wing-fuselage-tail combination had a LoO sweptback
wing with NACA 64A thickness distribution and the wing-fuselage combina-
tiong used a wing with NACA four-digit thickness distribution which was
swept back 40°, 459, or 50°. The tests were made through sn angle-of-
attack range at Mach numbers varying from 0.60 to 0.92 at a Reynolds
number of 2 million.

The fuselage modification.for the combinations with 40° of sweepback
reduced the drag end incressed the lift-drag ratios for moderate 1ift
coefficients at high subsonic speeds. Drag reductions of as much as
18 percent were obtained for the wing-fuselage-tail combination with the
6ltA thickness distribution and as much as 10 percent for the four-digit
wing~fuselage combination. For the combinations with 40° of sweepback,
the fuselage modification increased the lift-curve slopes slightly at
high subsonic speeds, but had little or no effect on longitudinal
stability at most Mach numbers. With the four~digilit wings heving 450
and 50° of sweepback the effects of the fuselsge modification were small
and incongistent at the test Mach numbers.

INTRODUCTLON

A series of investigations have been made in the Ames 12-foot
pressure wind tunmnel to determine the longitudinal characteristics of
wings sultable for long-range airplanes capable of moderately high sub-
sonic speeds (refs. 1, 2, 3, and 4)., Two twisted and cembered wings of
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relstively high aspect ratio, one having NACA four-digit and the other

having NACA 64A thickness distribution, were tested with 40°, 459, and

50° of sweepback. The results presented in references 1, 2, 3, and 4 -
show that the stabllity characteristics of these wings could be ilmproved
consideraebly by the use of multiple chordwise wing fences or leading-

edge extensions.

The primery purpose of the present phase of the Investigation was
to determine 1f the drag of conflgurations ueing the subject high-aspect-
ratio sweptback’ wings could be reduced at high subsonic speeds if a
relgtively simple fuselage modification were made. As these conflg-
urations were not intended for flight at high transonic or-supersonic
speeds, a Klichemsnn type modification (ref. 5) to reduce the interference
velocities at the wing-fuselage Juncture was made rather than the more
extensive change and reduction in fuselage volume assoclated with a
transonic srea-rule modification (ref. 6). The basic and modified fuse-
lages were tested in combination with both wings at 40° of sweepback.

In addition, the comblnation employing the wing with four-digit thick-

ness distribution was tested at 45° and 50° of sweepback with and with=

out the modified fuselage. The AUA wing-body combination was tested with

8 horizontal tail; the four-digit wing-body combinations were tailless. .

NOTATTON

All areas snd dimensions used in the notation refer to the wings
witheut leading-edge extenslons. - : - conems

A ct tio b2 : :
aspe ra > 58 _ :
a8 mean-line designation, fraction of chord over which design load is
UIlifOI'm PR -— - . ————
% wing semispan perpendicular to the plane of symmetry
Cp drag coefficient, d;gg

CL  1ift coefficient, % - o

Cn pitching-moment coefficlent about the quarter point of the wing
pitching moment

mean aerodynamic chord,

gSeé
c local chord pasrellel to the plane of symmetry
ct local chord perpendicular to the wing sweep axis
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b/2
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meen serodynamic chord, —Re—e—me——

b/2
[ew
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1ift=drag ratio

free-stream Mach number

free-gtream dynamic pressure

Reynolde number based on the wing mesn serodynamic chord
area of semigpan wing

letersel distance from plane of symmetry

angle of attack, measured with respect to a reference plane through
the leading edge and root chord of the wings

streamwise distance from the Juncture of the leading edge of the
45° gweptback wing wilth the basic fuselage, dimensionsless with
respect to the chord at the Juncture

angle of twist, the angle between the local wing chord and the
reference plane through the leading edge and the root chord of
the wing (positive for washin and measured in planes parallel to
the plane of symmetry)

Pfraction of semispan -
> p/2
angle of sweepback of the line through the quarter-chord points of

the reference sections

c
wing taper ratio, E%

lJift-curve slope of the models per deg

pitching-moment-curve slope of the models
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Subscripts '

T wing root I T LT

t wing tip
MODET,

The wing-fuselage-tail and the wing-fuselage combinations employed
the twisted and cembered wings, the fuselage, and the horizontal tail ~
used in the investigations described in references 1, 2, 3, and 4. For
the present investigation, these components were assembled with the root
chord of the wings near the center line of the fuselage at angles of

incidence of about 3°. (See fig. 1(a).)

The basic fuselage conglsted of a cylindrical midsection with simple
fairings fore and aft. The fuselage was modified by contouring axisym-
metrically in the vieilnity of the wing-fuselage Juncture so as to reduce
the interference velocitles at a Mach number of 0.90. These contours
were determined by the Kilichemann technique described in reference 5 and
were calculated on the basis of the wing thickness distribution at the
intersection of the wings wilth h5 of sweepback and the fuselage. Differ-
ences between these contours and those calculated for the wing-fuselage
intersections with the wings at 40° and 50 .of sweepback were very small,
and consequently the contours calculated for the models with 45° of Bweep-
back were used for the other angles of sweep. In this application of the
Kiichemann method no attempt was made to take account of the effect of wing
11ft due to angle of attack, wing camber, or wing angle of incidence. The
fuselage was constructed from aluminum with the exceptliam of the modified

portion which was molded with glass cloth and a poyyester resin. The

coordinates for the baslc fuselage asre listed in teble I and detaile of
the modified porticn of the fuselage are shown on figure 1(b).

The wing sections were derived by combining either an NACA 64A or
NACA four-digit thickness distribution with an "a = 0.8 modified mean
line having an idesl 1lift coefficient of O. i, These sections were perpen-
dicular %o the quarter-chord line of the unswept wing panel and their
thickness-chord ratiog varied from 14 percent at the root to 11 percent
gt the tip. Twist was introduced by rotating the streamwlse sections of
the wings with 40° of sweepback sbout the original leading edge while i
maintalning the projected plen farm. The variations of twist and thick-
ness ratic along the semispan of the wings are shown in figure 1(e}. The
angle of sweepback of the four-digit wing was set at hOO 450, or 50 H
the corresponding aspect ratios-were 7. 0, 6.0, “and 5.0, respectlvely. o
The 64A wing was tested only at LQO° of sweepback and had a leading-edge
extension which extended from 60 percent of the span to the tip. A
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detailed description of the wing leadihg-edge extension is included in
reference 4. The wing with NACA four-digit thickness distribution was
tested without a lesding-~edge extension. Both wings were constructed of
solid steel and the surfaces were polished smooth.

The horizontal tall, which was used in comblnation with the wing
with NACA 6lA thickness distribution, had an aspect ratio of 3.0, a taper
ratio of 0.5, 40° of sweepback, and NACA 0010 sections perpendicular to
the quarter-chord line. It was mounted on the fuselage center line at
an angle of incidence of -4°. The tail was constructed of solid steel
and the surfaces were polished smooth.

Figure 2 shows photographs of the model mounted in the wind tunnel
and a close-up of a fuselage modification. The turntable upon which the
model was mounted wasg directly connected to the balance system.

Corrections

The data have been corrected for comstriction effects due to the
presence of the tunnel walls by the method of reference 7, for tunnel-
wall interference originating from 1ift on the model by the method of
reference 8, and for drag tares caused by aerodynamic forces on the
turntable upon which the model was mounted.

The corrections to dynemic pressure, Mach number, angle of attack,
drag coefficient, and pitching-moment coefficient were the same as those
used for references 2, 3, and 4, and are listed in table IT.

RESULTS AND DISCUSSION

The results of tests on the 6MA wing-fuselage~tail combination are
presented in figure 3. Flgures 4 and 5 present the results of tests on
the four-digit wing-fuselage combinations for 40°, 45°, and 50° of sweep-
back. The test results gre summarized in figures 6, T, and 8.

The 64A Wing-Fuselage-Tail Combination

Figure 3 compares the longitudlnal characteristics of the combination
with the basic and the modified fuselage. As anticipated, the most notice-
able effects of the modificetion were sizable drag reductions at Mach
numbers greater than 0.80 (fig. 3(b)). This effect generally increased
with increasing Mach number and 1ift coefficlient. The modification also
resulted in small increases in lift-curve slope at Mach numbers greater
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than 0.83 (fig. 3(a)). These improvements in the 1lift and drag charac-
teristics are shown to good adventage by the lift-drag ratios presented
in figure 3(c). The modification increassed the 1ift- -drag ratios near
the maximum by about 17 percent at the highest test Mach numbers. The
effect of the modification on the variation of pitching-moment coeffi-

cient with lift coefficient (fig. 3(3)) wae insignificant at most Mach T
numbers. o

Four-Digit Wing~Fuselage Combinations

The effects of the fuselage modification cn the longitudinal char-
acteristics of the wing~fuselage combination having the L0O° gweptback
four-digit wing are shown in figure 4. These effects were génerally
similar to, though not. so pronounced as, the effects of the modification
on the 64A combination. At Mach numbers greater then 0.83, and st
moderate to moderately high 1ift coefficlents, drag was usually reduced
(fig. 4(b)) and the lift-curve slopes were increased slightly (fig. L(a)}).
Lift~-drag ratios for the modified end basic models are compared in
figure 4(c) for several Mach numbers. The lift-drag ratios were increased
8lightly at moderate 1ift coefficlents at most Mach numbers as a result
of the modification. The modification had practically no effect on the
verlation of piltching-moment coefficient with 1lift coefficlent (fig. 4(R)). .

The longltudinal characteristics of the basic and modified combina—~
tions with the wing at 45° and 50° of sweepback are compared In figure 5.
At these angles of sweepback the effects of the fuselage modification
were small and Inconsistent except for small decreases in drag at a Mach
number of 0.92. This was probably due to the prox1m1ty of the critical
Mach numbers of the 45° and 50° combinatioms to the meximum test Mach
number.

Effects of Mach Number

The effects of Mach number on the drag coefficients of the 4o
sweptback, 644 wing-fuselage-tail and the 40° sweptback, four-digit wing
fuselage combinstions are compared for the baslc and modified fuselages
for several constesnt 1ift coefficients in Figure 6.  The Mach numbers
for drag divergence (deflned ag the Mach number at which dCD/dM 0.10)

were increased moderately for the 64A combination and slightly for the T
four-digit combinetlon. At Mach numbers above those for drag divergence

the fuselage modification resulted in sizable drag reductions which

increased with increasing Mach number for both configurations. The values .
of drasg-dilvergence Mach number and the corresponding drag coefficients

for the combinations_with the modified fuselages are compared with those

for the basic combinstions in the following table: - e
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64A wing-fuselage-tail combination
or, M for divergence |Cp for dlvergence
Bagic Modified Besgic Modified

0.2 0.878 | 0.882 0.0220 | 0.0205
s .820 .848 .0236 0246
.5 .810 .828 .0295 .0297
.6 .800 .815 .0360 .0360

Four-digit wing-fuselage combination
.2 —_—— -— -— -—
-2 .86L 867 L0227 L0216
.5 .830 .8h0 L0275 . 0275
.6 .788 . 788 .0360 . 0360

The effect of Mach number on the maximum lift-drag-ratios and on
the 1ift coefficients for meximum lift-drsg ratios are shown in figure T.
Figure 8 compares the varistion with Mach number of the lift-curve and
pitching-moment-curve slopes of the modified combinations with those of
the basic combinations.

CONCLUSIONS

An investigaetion has been made to determine the effect of a
Kiichemann type fuselege modification at the wing-fuselage juncture on
the longltudinal characteristics of a wing-fuselage-tail and several
wing-fuselage combinations. The followlng conclusions are indicated:

1. The fuselage modification reduced the drag asnd increased the
lift-drag ratios for moderate 1ift coefficlents at high subsonic speeds
for the combinations with 40° of sweepback. Drag reductions of as much
as 18 percent were measured for the wing-fuselage-tail combination with
the wing having the 64A thickness distribution and as much as 10 percent
for the wing-fuselage combinetion with the wing having the four-digit
thickness distribution.

2. For the combinations with 40° of sweepback, the fuselage modifi-
catlon increassed the lift-curve slopes slightly at high subsonic speeds
but had no significant effect on longlitudinal stebility at most Mach
numbers., -

3. The effects of the fuselage modification were small and incon-
gistent at the test Mach numbers for the four-digit wing-fuselage
combinations with the wings at 45° and 50° of sweep.

Ames Aeronautical Iaboratory
National Advisory Commlttee for Aeronautics
Moffett Field, Calif., Oct. 8, 1956
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TABIE I.- COORDINATES OF BASIC FUSELAGE

0

Distance from Distance from .
nose, Redius, nose, Ra@ius,
in. in. in. in.
0 0 60.00 5.00
1.27 1.0k 70.00 5.00
2.54 1.57 76.00 k.g6
5.08 2.35 82.00 .83
10.16 3.36 88.00 k.61
20.31 Iyl 9k.00 . o7
30.47 k.90 100.00 3.77
39.4% 5.00 106.00 3.03
50.00 5.00 126.00 0
TABLE IXI.~ CORRECTIONS TO DATA
(a) Corrections for constriction effects
Corrected Uncorrected Qeorrected
Mach number | Mach number | Guncorrected
0.60 0.590 1.006
.70 .696 1.007
.80 793 1.010
.83 821 1.012
.86 .848 1.015
.88 .866 1.017
.90 .883 1.020
.92 .899 1.02k

(b) Correctiamns for tunnel-wall interference

= 0.455 ¢y

ACp = 0.00662 Ci2

Acm'bail off

where:

= K.C
1'Lggil off

AC =K - c - A
Mieil on 1%e51 orr [(Ké Liail off

M Ky Ko
0.60 [ 0.0038 } 0.7k
.TO| .0043 76
80| .ookg| .79
831 .0050| .80

.86 .0053 .83
881 .oo54| .84
.90 .0056| .86

.92 .0057( .88

- -

y SCm
Al

]
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|
’]’ T=10.42 43 15 08

_— A4 ] Toro

rd
l— ¢ —] I\Momenf center

O'*l
Sweep axis and €74 line r
0.15¢ ————
4 .
X
py, Sweep axis and ©/4 line
E:I:
7/
VA 6.70 b
g 40 2
B ~ /1
0.603 4 f /m J

7042 46.32 —=

See table T and figure | (b)
for fuselage coordinate7 1

Geometiry of the wings

A A Iy b/2 Cr ct [ X y 4 S ar

40° | 7.00 0.4 | 54.61 |22.29| 8.92 | 16,56 | 25.35 | 2340} 145 | 5.92 3.00°

45° | 6.03 04 |504! 2380 | 9.56 | 17.76 | 27.76 | 21.60] 145 5.86 2.95°

50° 5.04 0.4 |45.82|25.98(10.39 | 19.30130.13 | 19.64| 145 5.79 2.90°

Note: All dimensions in inches and areas in
squore feet.

(a) Dimensions.

Figure 1.- Geometry of the model.
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Lateral distance, inches

//_—'_—_ JV_ T Alf— —___'—:7 .
// 1 //
+Basic
7/__._..- e ) gy Toype: pum— __/:____._.___..___.-____ —_
Ve T Modified V4
A~Wing . wing
Leading edge Trafing edgsts/
- /

a6 a8 50 5z 4 5 5 B0 62 64 66 68 70 T2 74

Body stotion, inches

Body Body rodius, inches -
station, £ With With
Inches G_4A four diglt
wing wing
38.437 -0.428 5.000 5.000
39.437 -384 5.000 5000
43.567 -2 8.000 5.000 )
45815 =1 5047 5.021 -
48.063 o] 5.166 5.197
50.311 Jd 5266 5294 )
52.559 2 5.115 5.105 )
54.806 3 4.9 4.867
57.054 .4 4718 4689
59.302 .5 4,585 4,583
61550 6 4452 4478
63.798 7 4427 4.461
66.045 8 4426 4473
€8.293 .9 4505 4539
70541 Lo 4799 4814 o
72.000 1.068 4.985 4970
73000 (Ko 5000 5000

(b) Fuselage contouring details.

Figure 1.~ Continued.
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ratio ,

Thickness

Fraction of semispan, 7

(e) Distribution of twist and thickness ratio.

Figure 1l.- Coneluded.
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(b) Close-up of fuselage modification.
Figure 2.- Photographs of one of the models.
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| Unflagged symbols: Basic fuselage
Flagged symbols: Modified fuselage [HH
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-5 0 5 10 15 20 {For M=0.60)
a,deg

(a) Lift.

Figure 3.~ The effect of a fuselage modiflication on the longitudinal charecteriastics of a wlng-
fuselage~tall combination having e wing with 40° of sweepback and NACA 64A thickness distribution,
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Unflagged symbols: Basic fuselags
Flagged symbols: Modified fuselage
i i HEHRE PP s
EEEF' :_-E -E:o- R :g_ : i _- i ;-. i
HHOHE e : oA TS
fankl ";.. e 4 T

02 04 06 08 JoO ?2 14 16 18 (For M=0.60}

(b) Drag.

Figure 3.- Continued.
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Unflagged symbols; Basic fuselage

Flogged symbols: Modified fuselage

| QOr9CY W VOVN

dsg

T

)

L0 L2 (For M=0.60)

(e) Lift-drag ratio.

Flgure 3.- Continued.
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1.4
Unflagged symbols: Basic fuselage H
|2 Flagged symbols; Modified fuselage .
I'o . - LI
i u ua
.8 :r : T T T
“ T 50 il

6F

'.4-- e = W ..-.-- EEE N A ;
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o |} L |
-2 [y
-4
-6

-5 0 5 10 13 20 (For M=0.60)

@, deg (a) Lift.

Flgure 4.~ The effect of a fuselage modification on the longitudinal characteristics of a wing-
fuselage combination heving a wing with 40° of sweepback and NACA four-digit thickness
distribution.
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Unflagged symbols; Basic fuselage
Flagged symbals; Modifiad fuselage
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(e) Lift-drag ratio.

PFlgure 4. - Continued.,
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Unflagged symbols: Bagic fuselage
Filagged symbols: Modified fuselage
1.2
1.0
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(8) Pitching moment.
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Figure 4.~ Concluded.
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Unflagged symbols: Basic fusalage E
’ Flagged symbolss Modified fuselage g
1.2 E
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