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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THE EFFECTS OF FUSELAGE SIZE ON THE LOW-SPEED
LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF
A THIN 60° DELTA WING WITH AND WITHOUT

A DOUBLE SLOTTED FLAP

By John M. Riebe
SUMMARY

An investigation was made in the Langley 300 MPH 7- by 10-foot
tunnel to determine the effects of fuselage size on the low-speed longi-
tudinal aerodynamic characteristics of a thin delta wing with and without
a double slotted flap extending from the fuselages to 67 percent of the
wing span. The wing was a flat plate with beveled leading and trailing
edges and had a meximum thickness ratio of 0.045 and 60° sweepback of
the leading edge. The fuselages which consisted of ogival noses attached
to circular cylinders had maximum diameters of 0.094, 0.146, 0.219,
and 0.292 wing span.

The maximum 1ift coefficient was reduced from 1.40 to 1.01 for the
flap-retracted condition and from 1.71 to 1.16 with the flap deflected
54°-when-the-fuselage-diameter-wing-span ratio was increased from 0.094
to 0.292. The corresponding incréEEEhiﬁ_TﬁgélagéSdiameter=wing—span—_‘_“
ratio resulted in a reduction of the 1lift coefficient at 0° angle of
attack from 0.87 to 0.58 with the double slotted flap deflected 54O,

A slight reduction of lift-curve slope and a decrease in longitudinal
stability corresponding to a forward aerodynamic-center shift of 7 per=-
cent mean aerodynamic chord, flaps up, and 18 percent mean aerodynamic
chord, flaps deflected, occurred with the fuselage-diameter—wing-span
ratio Increase. Estimates of the variation with fuselage-diameter—wing-
span ratio of the lift-curve slope and aerodynamic center for the flaps-
undeflected condition and the increment of 1lift from double slotted

flap deflection at 0° angle of attack are in good agreement with the
experimental data.
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INTRODUCTION

The feasibility of using double slotted flaps as a means of reducing
the high landing angle of attack and relatively high landing speeds of
airplanes with thin delta-wing plan forms is currently being investigated
by the National Advisory Committee for Aeronautics. References 1 and 2
have indicated that a double slotted flap on a delta-wing airplane should
result in considerable reduction in the angle of attack necessary to obtain
a given 1ift coefficient and produce some increase in maximum 1ift coeffi-
clent; however, these investigations have been made with a small fuselage
that was used primarily to house a strain-gage balance. The present
report gives the results of an Investigation to determine the aerodynamic
characteristics of one of the optimum double-slotted-flap configurations
of reference 2 with larger fuselages (fuselage-diameter—wing~span ratios
ranged from 0.094% to 0.292). Also included are the effects of fuselage-
diameter-wing-span ratio on the delta-wing characteristics with flaps
retracted. Theoretical estimates of the variation of some of the aerody-
namic characteristics with fuselage-diameter-wing-span ratio are compared
with the experimental data.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments about the stability axes. The positive directions
of forces and moments are shown in figure 1. Pitching-moment coefficients
are given about the wing 25-percent-mean-aerodynamic-chord point shown
in figure 2. The coefficlents and symbols are defined as follows:

CL, 1ift coefficient, L/qS

Cp drag coefficient, D/qS

Cm pitching-moment coefficient, M/qST

L 1ift, 1b

D drag, 1b

M pitching moment, ft-lb

q free-stream dynamic pressure, %sz; lb/sq ft
S wing area, 6.93 sq ft

ol

b/2
wing mean aserodynamic chord, 2.31 ft, g-JF czdy
. 0
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b wing span, 4.00 ft
\ , free-stream velocity, ft/sec
d fuselsge diameter at wing upper-surface lip
o . angle of attack of wing, deg
c local wing chord, ft
Yy lateral distance from plane of symmetry
5p flap deflectioh measured in a plane perpendicular to hinge
line, deg
Subscripts:
w wing alone
oC
CLQ, al‘
max maximum

'MODEL AND APPARATUS

The model was tested in the Langley 300 MPH 7- by 10-foot tunnel
by utilizing & sting-support system_(flg 3) and an electrical strain-
gage balance.

The basic wing, which was the same as that of references 1 and 2,
had a 60° apex angle, a taper ratio of O, an aspect ratio of 2. 31, and
a hexagonal airfoil section with thickness ratio varying from 1.5 percent
chord at the root to 4.5 percent chord at 0.67b/2 (15.98 inches from root).
The geometric characteristics of the various fuselages that were tested
on ‘the model with flaps up and down are given in figure 2(a) and table I.
The fuselages were constructed of wood noses attached to sheet aluminum
cylinders. The double-slotted-flap arrangement tested (fig. 4) was one
of the optimum configurations with regard to lift effectiveness at both
low and high angles of attack determined in reference 2. The inboard
end of the flaps fitted flush against the various fuselages with the
exception of the fuselage with the smallest diameter. This fitting was
accomplished by extending the original span flap into the fuselage
cylinders through slots and fairing the slot gaps with masking tape.
Further details of wing and flap construction are presented in reference 2.
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TESTS

The tests were made in the Langley 300 MPH T- by 10-foot tunnel at
& dynamic pressure of approximately 25.0 .pounds per square foot corre-
sponding to an airspeed of about 100 miles an hour. Reynolds number for
this airspeed, based on the wing mean aerodynamic chord (2.31 ft) was

approximately 2.1 x 106. The corresponding Mach number was 0.13.
CORRECTIONS

The approximate Jet-boundary corrections applied to the data were
obtained from methods outlined in reference 3. A correction has been .
applied to the angle of attack to account for the deflection of the support
strut under load. Blocking corrections have been applied to the model
with the various fuselages according to the methods of reference k4.
Buoyancy corrections have been applied to the model with the various
fuselages to account for a longitudinal static-pressure gradient in the
tunnel.

RESULTS AND DISCUSSION

The 1lift, dreg, and pitching-moment charactéristics of the delta
wing with the various fuselages are given in figures 5 and 6 for the
conditions with double slotted flaps at deflections of 0° and 549,
respectively. The aerodynamic characteristics, as determined from an
unpublished investigation, for three fuselages alone, almost identical
to the fuselages of the models of the present investigation (see table I),
are presented in figure 7T7; the coefficients are based on the geometry of
the plain wing. The wing-fuselage 11ift coefficient and lift-curve slope
as a function of fuselage-diameter—wing-span ratio are given in figures 8
and 9, respectively. The variation with fuselage-diameter—wing-span ratio
of the aerodynamic-center position of the fuselage -alone and wing-fuselage
combination is presented in figure 10.

Flaps Retracted

Increasing the fuselage-diameter—wing-span ratio with flaps at o°
resulted in only small change of 1ift coefficient at low angles of attack,
lerge reductions in maximum 1lift coefficient (defined as first 1lift
coefficient where the slope of the 1ift curve became zero), and some
reductions in the angle of attack at which maximum 1ift occurred (figs. 5
and 8). Increasing fuselage diameter from sbout 9 percent of the span
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to 29 percent of the span reduced C1 from asbout 1.40 to about 1.01.

The angle of attack at which Clpax oOccurred decreased from 35° for the

small fuselage configuration to about 27° for the large fuselage config-
uration (fig. 5). As the fuselsge size increased the 1ift curve near
maximm 1ift for the delta wing became flatter. The "flat top" 1lift

curve of the large-fuselage-diameter configuration was typical of other
models having large fuselages and low-aspect-ratio wings and resulted from
the 1ift load on the fuselage continuing to increase at angles of attack
beyond that at which the wing stalled. As would be expected, increased
d/b also resulted in an increase of drag coefficient at a given 1ift
coefficient, (fig. 5).

_ Increasing the size of the fuselage with respect to the wing resulted
in a loss in CLa with the flaps retracted (fig.'9). The variation

of CI_UL/CL;:X’w with d/b agrees very well with the theoretical variation
of reference 5. The value of Cluw in the ratio Clajbluw was obtained
by extrapolating the experimental CLa data to zero d/b. The theory of

reference 5 applies mainly to narrow triangular wings and does not predict
accurately the absolute values of (g for the wing of the present tests.

Comparison between theory and experiment was therefore made in terms of
the ratio Cla/bl « The variation of CLm for the fuselage alone is

satisfactorily predicted by the theory of reference 5 (fig. 9).

In order to show the breakdown of total 1ift of the wing-body com-~
bination the component parts and interferences were estimated for the

wing-fuselage combination of %-=VO.292. by a method somewhat similar to

that of refé?gﬁgé‘g:*"Tﬁé*Bféﬁkﬂﬁ?ﬁ‘éf“Cﬁg“‘andfreferences~6~to_12‘used
in estimating the 1ift of the component parts is as follows:

Theory
Component ?gfeﬁ:gf-y cIu. Percent Experimental
total
Fuselage alone 9 and 12 0.0052 1.1 0.0047
Wing upwash on fuselage 9 and 12 0.0008 1.7 | cemmea
Wing alone ‘outboard of fuselage 8 0,0258 55.0 ——
et ot fumalae” N I T LT e
Wing load carried over fuselage 6 and 11 0.0104 22.2 | emmmea
Total , 0.0469 100 .0430
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The result of this breakdown (Cr, = 0.0469) compares favorsbly with the
method of reference 5 c&01= 0.044 when the ratio CLa/CLuw is multiplied

by the experimental value of CLuw) and with the experimental value

(CL,, _0 .oh3o) .

The longitudinal stability of the wing-fuselasge combination, flaps
retracted, was reduced with increased values of d/b (figs. 5 and 10).

The aerodynamic center shifted forward from 0.368 for % = 0.09 to 0.292

for %-: 0.292. This change of aerodynamic center with d/b is in wvery
good agreement with the change estimated by the method of reference 5.

If the results of reference 5 are modified by using the aerodynamic center
of the wing alone predicted by reference 8, the agreement in absolute
value with experimental data is very good (fig. 10). This modification
can be shown in the following equation from reference 5. The first

term me/CLw which is the aerodynamic center for the wing alone was

replaced by the value of the aerodynamic center determined from reference 8.

. —
' 65]

8.Cs = ?anw t- h(%)3 +23(%)1* ¥ xbzé

@70 -

The term B, 1is the mean cross-sectional area of fuselage ahead of wing
apex (volume/length) and 1 1is the length of fuselage shead of wing
apex. The second term of the equation represents the modifying effect
of the fuselage on the wing characteristics.

The variation of aerodynamic center for the fuselage alone (fig. 10)
agrees with the trend predicted by reference 5 but does not show agreement
in absolute value. :

Flaps Deflected

Considerable reduction in maximum 1ift coefficient and in increment
of 1ift coefficient at o = 0° occurred with increased d/b ratio for
the condition with double slotted flap deflected 54° (fig. 8). The
meximum 1ift coefficient was reduced from 1.71 for a d/b ratio of 0.09
to 1.16 for a d/b ratio of 0.29. The reduction in lift increment at
0° angle of attack was about half that of the maximum lift coefficient
reduction for the same increase in d/b ratio (Cr, at 0° reduced from

0.87 at a/b of 0.09 to 0.58 at a d/b of 0.29). An estimated variation
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of the lift-coefficient increment at an angle of attack of 0° for the
double-slotted-flap-deflected configuration is shown by the dashed line
of figure 8. This variation was obtained by the use of reference T which
presents 1ift effectlveness for flaps of various spens. The experimental

velue of flap 1ift increment for the % = 0.09 configuration was used as

the basis In estimating the loss of 1lift increment with reduced flap span
resulting from increased fuselage diameter.

‘The 1lift curves for the flap-deflected condition were generally
nonlinear and the loss of CLa with d/b was larger than that for the

flap-retracted condition (figs. 5 and 6). As would be expected and
similar to the condition with flaps undeflected, increased d/b resulted
in higher drag at a given 1ift coefficient.

The changes in longitudinal stability with fuselage-diameter—wing-
span ratio increase were larger with flaps deflected than with the flap
retracted. The aserodynamic center shifted from a position about 0.498

for §he 0.09d/b fuselage-diameter—wing-spen ratio configuration to about
0.31c for the configuration with d/b of 0.29; this aerodynamic-center

shift was almost 2% times that for the condition with flaps retracted

(fig. 10). The large diving-moment increment with deflection of the
double slotted flaps (figs. 5 and 6) 1s typical of that found in two-
dimensional investigation of double slotted flaps on thicker wing sec-
tions (ref. 13). As would be expected, reducing the extent of the flap
span by increasing the d/b ratio resulted in a smaller diving-moment
increment at constant angle of attack (figs. 5 and 6) and smaller shift
of the aerodynamic center (fig. 10). .

e ——
CONCLUSIONS

The results of a low-speed wind-tunnel investigation to determine
the effects of fuselage-diameter—wing-span ratio on the 1ift and longi-
\ tudinal stability characteristics of a thin 60° delta wing with and
without a double slotted flap extending from the fuselages to 67 percent
of the wing span indicated the following conclusions:

1. The maximum 1ift coefficient was reduéed from 1.40 to 1.01 for the
flap-retracted conditions and from 1.7l to 1.16 for the flap deflected
549 when the fuselage-diameter—ing-span ratio was increased from 0.09
to 0.29.

2. The increment of 1ift from double=-slotted-flap deflection at
0° angle of attack was reduced from 0.87 for a fuselage-diameter—wing-
span ratlo of 0.09 to 0.58 for a fuselage-dismeter—wing-span ratio of 0.29.

CONFIDENTIAL
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3. Increased fuselage-diameter-wing-span retio resulted in only a
slight reduction in lift-curve slope with flaps undeflected.

4, Increased fuselage-diameter-wing-span ratio from 0.09 to 0.29
resulted in a decrease in longitudinal stability corresponding to a
forward shift of 7 percent mean aerodynamic chord, flaps up, and
18 percent mean aerodynamic chord, flaps deflected.

S. Estimates of the variation with fuselsge-diameter-wing-span ratio
of the lift-curve slope for flaps undeflected and the increment of 1lift
from double-slotted-flap deflection at an angle of attack of 0° are in
good agreement with the experimental data. '

Langley Aeronautical Laboratory, -
National Advisory Committee for Aeronautics,
Langley Field, Va.
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Figure 1.- System of stability axes:. Positive values of forces, moments,
and angles are indicated by arrows.
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Straight line

: /0.5 in.diam. %’-2 I9
Strain-gage housing

7in. diam. % = 146

TNACA

(2) Fuselages.

Figure 2.- General arrangement of the fuselages and the thin delta wing.
All dimensions are in inches.
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Figure 5.- Longitudinal aerodynamic characteristics of the thin 60° delta
wing with fuselages of various diameters. &p = 0°.
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Figure 6.- Longitudinal aerodynamic characteristics of the thin 60° delta
wing with fuselages of various diameters. Bp = 549,
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Figure 7.- Longitudinal aerodynamic characteristics of the various fuselages
alone. (Coefficients are based on the delta-wing geometry.) A
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Figure 8.- Effect of fuselage- dlameter—wing-span ratio on maximum lift
coefficient and 1ift coefficient at 0° angle of attack. Bp = 0°
and B = 54°,
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Figure 9.- Effect of fuselage-diameter—ving—span ratio on CLCL of the
' thin 60° delta wing. ®p = 0°.
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Figure 10.- Variation with fuselage-diameter—wing-span ratio of the

aerodynamic-center position of the fuselage alone and wing-fuselage
combination.
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