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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

LOW-SPEED INVESTIGATION OF THE EFFECTS OF WING DIHEDRAL
ARGLE AND FIN LENGTH ON THE STATIC STABILITY
CHARACTERISTICS OF A MODEL HAVING
| AN 82° DELTA WING

By Kenneth P. Spreemann
SUMMARY

An investigation was conducted in the Langley 300 MPH T7- by 10-foot
tunnel at dynamic pressures of 4O and 60 pounds per square foot and

corresponding Reynolds numbers of 6.09 X 10 and T.42 X 106, based on
the mean aerodynamic chord, to determine the effects of changes in wing
dihedral angle and length and position of fins on the static stability
cha.racteristics of an 82° delta-wing—body configuration. Wing dihedral
angles of 0° and t30° and three fins of different lengths mounted above
and below the fuselage were investigated.

Changes in the wing dihedral from 0° to +30° reduced the lift-curve
slopes of the model. These reductions in the lift-curve slopes were
reflected in the drag polar, so that appreciably higher drag at a given
1ift coefficient was evident for the wings with dihedral. All three
complete-model configurations were longitudinally stable through most
of the angle~of-attack range.

A medium length fin that extended from the point about which the
moments were measured (about 58 percent of the fuselage length) to
approximately 95 percent of the fuselage length, provided the greatest
directional stability. All configurations with fins on top of the fuse-
lage had positive dihedral effect through the lift range; whereas, for
the configuration with the fin on the bottom, negative dihedral effect
occurred for all fin lengths in the lower lift range. Moreover, the
configuration having the large fin below the body, in combination with
the 30° dihedral wing, provided increasing values of negative dihedral
effect with increasing angle of attack.
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INTRODUCTION

An airplane configuration employing highly swept delta wings in
combination with a high-fineness-ratio body has been considered as a
possible arrangement for flight at high supersonic speeds.’

A low-speed investigation of one variation of a model that might
meet these requirements is reported in reference 1. The present inves-
tigation also was conducted at low speed; however, the model configura-
tion is somewhat different from that of reference 1 and some additional
variables are considered. The present wing was triangular in plan form
and hed a leading-edge sweep angle of 82° and an aspect ratio of 0.56.
Wing dihedral angles of O° and $+30° and fins of three different lengths
mounted either above or below the fuselage were investigated. The
investigation was conducted in the Langley 300 MPH T- by 10-foot tunnel
at dynamic pressures of 40 and 60 pounds per square foot and corresponding

Reynolds numbers of 6.09 X 106 and T.k2 X 106, based on the mean aero-

dynamic chord. 7

COEFFICIENTS AND SYMBOLS v

The stability and body axes systems used for presentation of the
data, together with an indication of the positive directions of forces,
moments, and angles, are presented in figure 1. All moments are referred
to the 44t ,2-percent-chord point of the mean aerodynamic chord which is
located at 58.2 percent of the body length.

Ca exial-force coefficient, Fp/qS

Cp drag coefficient, Fp/qS

C, lift coefficient, Fr/qS

C;’s rolling-moment coefficient referred to stability axes,
Myg faSD

C: rolling-moment coefficient referred to body axes, Mx/qu

Cm pitching-moment coefficient, My/qS!

Cx normal-force coefficient, Fy/qS
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Cn,s

Cn

Xg,Yg,2g

X,Y,2

yawing-moment coefficient referred to stability axes, Mzs/qu

yawing-moment coefficient referred to body axes, Mz/qu
side~force coefficient, Fy/qs

axial force, positive along -X-axis, 1b

drag force, pcsitive along -Xg-axis, 1b

1lift force, positive along -Zg=-axis, 1lb

normal force, positive along -Z-exis, 1lb

side force, positive along Yg=- or Y-axis, 1lb

rolling moment about the Xg-axis, positive clockwise looking
forward, ft-1b

rolling moment about the X-exis, positive clockwise looking
forward, ft-1b

pitching moment about the Yg- or Y-axis, positive moment
raises nose, ft-1b

yawing moment about Zg-axis, positive moment rotates nose
to right looking forward, ft-1lb

yawing moment about Z-axis, positive moment rotates nose to
right looking forward, ft-1b

axes in stability system (fig. 1)
axes in body system (fig. 1)
wing area, sq ft (includes area within fuselage)

wing span, 2.28 ft on model

b/2
mean aerodynamic chord of wing, g- f e dy, 5.25 ft
0

on model

local wing chord, perallel to plane of symmetry, ft

CONF IDENTIAL
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L CONFIDENTIAL NACA RM L551L30a

¢y chord of largest fin at intersection of fuselage

dynamic pressure, lb/sq ft

free-stream velocity, ft/sec

a angle of attack, deg

B angle of sideslip, deg

A leading-edge sweep angle, deg
r dihedral angle, deg

o
(cl,s)a = -—a—za-'-s- per deg

oc
C, = 1 per deg
lB )

(Cn,S)B = TI;JE per deg
c Xy er de

ng 3% P g
CYB = -BT per deg

MODEL AND APPARATUS

The model was tested on a single-support strut in the Langley 300 MPH
T~ by 10-foot tunnel,

The model consisted of an 82° swept triangular wing and vertical fins
of three different lengths attached to a cylindrical body of fineness
ratio 10.74 with an ogivel nose as shown in figure 2. The wings and fins
were made of 1/2-1nch plywood with beveled trailing edges and rounded
leading edges. Three dihedral angles (0° and £30°) were employed on the
model. Three fins of different lengths above and below the fuselage
were tested with the 0° dihedral wing as shown in figure 2.

CONFIDENTIAL

-,

?




13

'NACA RM L55L30a CONF IDENTTAL 5

TESTS AND CORRECTIONS

The tests in sideslip were made at dynamic pressures of 40 pounds
per square foot; whereas all other tests were made at 60 pounds per square
foot. The corresponding airspeeds were epproximately 125 and 15!4- miles
per hour, and the Reynolds numbers for these airspeeds, based on the mean

aerodynsmic chord, were 6.09 X 106 and T.42 x 106, respectively. Forces
and moments were measured through an angle-of-attack range of approximately
~4° to 35° and a sideslip range of =20° to +20°. The lateral-parameter
testsowere made at 15° sideslip through an angle-of-attack range of -4°

to 35°.

Three fins lengths in combination with the 0° dihedral wing were
tested above and below the fuselage. Tests were also made with 50° nega-
tive dihedral and the largest fin above the fuselage, and with 30° dihedral
and the largest fin below the fuselage.

Blockage corrections were determined by the method of reference 2
and were applied to the dynamic pressures. Jet-boundary corrections,
applied to the angle of attack and drag, were calculated by the method of
reference 3. A buoyancy correction was applied to the date to account
for a longitudinal static pressure gradient in the tunnel.

RESULTS AND DISCUSSION

The data are presented in figures 3 to 8. The lateral-stability
parameters presented in figures 6 to 8 were evaluated fram angle-of-
attack tests at p = 15°.

Longitudinal Stability Characteristics

1ift, drag, and pitching-moment coefficients about the stability
axes, and normal and axial forces about the body axes for the model with
0° and $30° dihedral and the fuselage alone are presented in figure 3.
From figure 3(a) it can be observed that oCr/da 1s reduced about 20

to 30 pereent above an angle of attack of 8° when going from a dihedral
angle of 0° to $30°. These changes in BCI/Ba. are further emphasized

in the data of figure 3(a) concluded which show considersbly lower dreg
due to lift for the 0° ' wing. This decreas~ in drag is approximately
proportional to the increase in Bcljaa.

All three wing arrangements generally provided stable pitchinge-
moment characteristics, except at very high angles of attack (fig. 3(a)
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concluded). The large differences in pitching-moment coefficients at
zero angle of attack for the different configurations may be caused
largely by strut-tare effects - also, deviations from symmetry for the
different models may have contributed to the results shown in figure 3.

The normal- and axial-force coefficients (body-axes data), presented
in figure 3(b), bear the expected relation to the previous stability-
axes results.

Lateral-Stability Characteristics

The lateral-stability data are presented in figures 4 to 8. Lateral
coefficients of the 0° dihedral wing shown in figure L4 indicate small
amounts of directional instability about the stebility axes at O. 2° and
16.4° angles of attack in the medium P range; whereas at 24.6° angle
of attack the model was stable, although nonlinearities existed at all
angles of attack. Figure 4(b) shows that with respect to the body axes,
considerable directional instability existed at angles of attack of 16.4°
and 24.6° throughout the B range. Positive dihedral effect ( negative
CzB) was indicated regardless of which axes system was considered.

With a negative dihedral le of 30°, the model was directionally
stable about the stability axes (fig. 5(a)$ However, with respect to
the body asxes (fig. 5(b)) the model was sbout neutrally stable at 16.4°
but became quite unstable at 2i., 6°. Since the model supposedly was
laterally symmetrical, the asymmetry in the yewing moments is unexplain-
able exept for the possibility that the fin, which was attached to the
fuselage by means of three sets of angle brackets, may have been asym-
metrically deflected under load.

In general, the variations of lateral-stability parameters with a
and Cp for all configurations were nonlinear, especially in the high

angle-of-attack and 1lift range. The lateral-stability parameters of
the 0° I model with three different fin lengths sbove the fuselage and
of the -30° I' model with the large fin are presented in figure 6. Of
the three fins investigated with the wing at 0° I', the medium~length fin
appeared to provide the most desirable directional-stability character=-
istics. The directional instability of the model with the longest fin
may be attributed to the destabilizing contribution of the portion of
the fin ahead of the balance center, which, when combined with the unsta-
ble moment of the fuselage alone, wes sufficient to nullify the stabi-
lizing moment of the aft portion of the fin, figures 6(a) and 8(a). The
~30° I wing contributed sufficient directional stability to make the
model stable about the stability axes, although some instebility with
respect to the body exes was indicated. All the configurations of fig-
ure 6 (fins on top of fuselege) possessed positive dihedral effect.
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The absolute magnitude of CYB vas increased by the negative dihedral

ving (fig. 6(a)), which could be expected as a result of the increased
side area of the model when projected in the vertical plane.

The lateral stability parameters of the 0° I' model with three fins
of different lengths below the fuselage and, in addition, & 30° I model
with the largest fin are presented in figure 7. The largest fin in com-
bination with the 0° I wing resulted in a directionally unstable config-
uration throughout the a and Cyp range. The two smaller fins provided

marginal stability with respect to either axes system through most ranges
of a and Cj. (See figs. 7(a) and 7(b).) With 30° I and the large fin

on the bottam, the model was stable about the stability axes below 32°
angle of attack. With respect to the body axes, the 30° I' configuration
gave large increases in directional stability with o and Cy. For all

three fin sizes on the bottom of the fuselage, the model with the o°r
wing had negative dlhedral effect at low angles of attack and positive
dihedral effect at high angles of attack; whereas for the 30° I config-
uration the negative dihedral effect increased in magnitude with angle
of attack. The derivative CYB was very large, particularly at high

angles of attack, for the 30° T configuration.

Lateral stablility derivatives obtained from breakdown tests of the
°r configuration are presented in figure 8. Above an angle of attack
of about 10° the directional instability of wing-fuselage combination
was greater than that of the fuselage alone. The wing contributed
increasing positive effective dihedral with increasing angle of attack
on the stability axes system and a samewhat similar effect, although
smaller, with respect to the body axes. The fin contributed a reason-
ably constant increment of positive effective dihedral through the angle-
of-attack range for the stability axes system, however for the body axes
the contribution increased sbove sbout 15° angle of attack. The displace-
ment of Clﬂ from O for the fuselage alone (fig. 8) is not clearly under-

stood. This discrepancy may result in part to some asymmetry either in
the model-support fairing or in the tunnel air flow. In addition, the
accuracy level of the measurements would be expected to cause some small
errors.

CONCLUSIONS

An investigation at low speeds of the static stability character=-
istics of an 82g delta wing with dihedral angles of O° and £30° in come
bination with fins of different lengths and a high~fineness-ratio body
of revolution indicates the following conclusions:
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1. Changes in wing dihedral angle fram 0° to t30° reduced the lift-
curve slopes of the model. These reductions were reflected in the drag
polar so that appreciably higher drag at a given lift coefficient was
evident for the wings with dihedral. ’

2. All three camplete-model configurations were longitudinally stable
through most of the angle-of-attack and 1lift range.

3. A medium-length fin that extended from the point about which the
moments were measured (about 58 percent of the fuselage length) to approx-
imately 95 percent of the fuselage length, provided the greatest direc-
tional stability.

4, All configurations with fins on top of the fuselage had positive
effective dihedral throughout the 1ift range, whereas, for the configura-
tion with the fin on the bottom, negative dihedral effect occurred for
all fin lengths in the lower 1lift range. Moreover, the configuration
having the large fin below the fuselage, in cambination with the 30° dihe-
dral wing provided increasing values of negative dihedral effect with
increasing angle of attack.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 12, 1955.
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(v) Body axes.

Figure 1.- Systems of axes used. Positive directions of forces and
moments are indicated by arrows.
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Figure 5.- Variation of lateral coefficlents with angle of sideslip for
model with I = -30° and 1.00cy; fin about the stability and body

axes. q = 4O,
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Figure 6.- Variation of lateral-stability parameters with angle of attack

and 1ift coefficient about the stabillity and body axes. Effects of
negative dihedral and fin size; fins above fuselage; q = 60.
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Figure 7.~ Variation of lateral-stability parameters with angle of attack

and 1ift coefficient about the stability and body axes. Effects of
dihedral and fin size; fins below fuselage; q = 60.
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Figure 7.- Continued.
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Figure T7.- Continued.
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Figure T7.- Concluded.
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Figure 8.- Variation of lateral-stability parameters with angle of attack

and lift coefficient about the stability and body axes. Effects of
removing fins and wing; q = 60.
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Figure 8.- Continued.
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Figure 8.- Continued.
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Figure 8.- Concluded.
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