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A 42° SWEPTBACK WING AT REYNOLDS NUMBERS TO 8,000,000

By Reino J, Salmi, D. William Conner
and Robert R, Graham

- The effects of a fuselage on the low epeed ssrodynamic charec—
teristics of & sweptback wing were investigated in the langley -
19-foot pressure tunnel. Tests were made in pitch at Reynolds )
mmbers of 3,040,000 and §,090,000 and in yaw at Reynolds mmbers
of 1,720,000 and 5,300,000, The wing had an aspect ratio of 4,
taper ratio of 0,625, 42° sweepback at the leading edge and
NACA 641~112 airfoll .sections normmal to the 0,273 chord line. A -
yeprecentative fuselage of circular cross section was tested with
the wing mounted in the high-wing, low-wing, and midwing positions.
Tests were made without finps and with 18.) percent chord split flape
extending from 12.3 to 50 porcent of the semiopan.

. The presence of the fuselage had negligible effect on the
values of maximum lift coefficient and the slope of the lift curves
The fuselage caused a destabilizing shift in the rate of change of
pitching moment with lift, This effect remained fairly constant
regardless of the vertical position of the wing on the fuselage
except in the high lift :ange for the flaps olf condition at &
Reynolds number of 8,000,000, at which the effects caused by the high-
wing and midwing fuselage cambinations increased rapidly with lift,

The fuselage effects on the dreg characteristice were small,
and the vertical position of the wing had little effect except with
the flaps on. The fuselage added increments to the eifective
dihedral and directional stability paremesters, 01' and 0!', wvhich

wore of the same magnitude as those observed Ior wings having little
or no sweep, When the Reynolds mmber vas reduced from 5,300,000
to 1,720,000, these increments in c,' had unsystematic variations

at moderate and high lifts, - :
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IFTRODUCTION

The use of sweptback wings as a means of reduocing conpressi-—
bility effects in flight at high subeonic and supersonic speeds,
bes preeented problems in cbtaining adequate stability and control
at low speeds and high lifts for any euch aircraft. Simple theoxy
and wind-tunnel tests have shown that wings with high angles of
sweepback may becams longitudinally unstable at the etall and may
also have undeoirsbly large positive dihedral effecte in the high
11t renge.

Conaiderable data 1e available on the effects of interference
due to deeign camponente such as fueeleges and nacelles, on the
longitudinal and lateral stabllity characteristics of unswept wings,
but little data 1s availlable on the effects of any ouch additional
bodies on the asrodynamic characterietics of wings with high angles
of sweepback. Accordingly, teets were conducted to determine the
asrodynamic characteristics of a 429 eweptback wing mounted on &
fuselage at high-wing, low-wing, and midwing poeitions., The tests
were made with and without eplit flape at Reynolds numbers of
3,040,000 and 8,090,000 for teete in pitch and 1,720,000 and
5,300,000 for teets in yaw, These data are precented together with
gorreeponding wing alone data from reference 1.

COEFFICIENTS AND SYMBOILS

The data are refeired to a eystem of axee shown in figure 1,
Moments are referred to the quarter—chord point of the mean asro-
dynemio chord and all coefficients are based on the area of the
basic unso

19t coefficient (1lift/qS)

dreg coefficient (D/qS)

longitudinal-force coeffiolent (X/q3)

lateral~force coefficient (¥Y/q8)

rolling-moment coefficient (L/qSb)
pitohing-moment coefficient (M/gS3)

yaving-moment coefficient (N/¢Sb)
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Reynolds mmber (oV8/u)

free-strean Mach mmber (V/a)

argle of atiack mensured in plane of symmetry, degrees
angle of yaw, »cltiive when right ving is dback, degrees

rate of change of rolling-moment coefficient with angle
of yaw, o&C3/0¥, per degree

rate of change of yawing-moment coe{ficient with angle
of yaw, iCp/dw, per degree

rate of change of lateral-force coefiicient with angle
of yav, Cy/d¥, per degree

increment in cz‘,

xate of change of pitchine-nment coefficlent with
11t coai‘fioient

Fate of changs of 1ift coefficient vith angle of attack

d.rag = —x at zero yav
longitudinal force

lateral force

vertical force

. pitohing moment

rolling mament
yeawing moment
wing area

'.ving apan . ]
- ‘mean eercdynamic choxdmuundpmﬂaltopl@ot
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local chord, parallel to plane of symmetry
sparwise coordinate

free-strean dynamic pressure (épve)

free-stream velocity
mase density of air
coefficient of viscosity
velocity of sound

APPARATIUS AND TESTS
Model

The wing and fusolage (fig. 2) were constructed of laminated
mahogany, lacquered and sanded to an aerodynamically smooth finish,
The wing has a sweepback angle of 12,05° along the leading edge and
has NACA 64;-112 sections normal to the 0.273 chord line, The

0.273 chord line of the ctwept wing, is the quarter-cord line of a
straight wing panel which has been rotated 40° about the quarter—
ochord point of the root chord, The aspect ratio is 4, taper ratio
0,625 and the tips are rounded in plan form and cross section
begiming at 97.5 percent of the semispan. There is no gecmetric
dihedral ox twiot.

The fuselage 1s circular in cross section and tapers to a point
at each end. The maximm diameter, which is constant at the wing
intersection, is oqual to 40 percent of the wing chord (measured at
the plane oi symmetry), and the finess ratio is 10,2, The center
portion of the fuselage has removable blocks to permit the mounting
of the wing at high-wing, low-—wing, and midwing positions with
20 ingidence between the wing chord plane and the fuselage center
line, No fillets were used at the wing-fuselage juncture for any
wing position.

The split flaps were fabricated of sheet steel and extended
from 12,3 to 50 percent of the wing semispan. The center gap was
maintained to facilitate flap deflection. The flap chord is 18,4
percent of the local wing chord. The flap deflection measured from
the lower suriace of the wing and in a plans noxmal to the hinge
lins is 60°,
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Tests

The model was tested in the Langley 19-foot pressure tumnmel

and wvas mounted on a two-euppert system for the pitch tests

figs. 3(a) and 3(b)) and on & single support for the yaw tests

fig. 3(c)). In the low-wir; fuselage coambination the top of the
yew support was shielded by che same fairing used for the wing alone
tests (reporied in re’rrance 1l). The pltch tests were made at
Reynolds muzbor valves of 3,000,000 (Mg = 0.069) and 8,090,000
(Mo = 0.190). The tests were made with and without split flaps.
‘Btall oharacteristics were studied by means of wool tufta attached
to the upper surface ol the wing beginning at 20 percent of the wing
chord. The lateral astability paremeters were obtained from tests
through an angle—o -attack range of yaw angles of 0° and $5°, at
Reynolds number values of 1,720,000 (My = 0,10) and 5,300,000

(Mo = 0.12). Tests through e yaw range of -10° to 25° angle of yaw
were made with flaps off at 15° angls of attack and with flaps on
at 14.2° angle of attack at a Reynolds nmumber of 5,300,000,

U

CORRECTIONS TO DATA

The esme corrections applied to the fuselage—off data of
reference 1 and discussed thereln, have been applied to the fuselage-on
data, These corrections account for model support and interference
effects, model blocking end Jet boundary eifects. No Jet boundary -
corxections were applied to the rolling-moment, yawing-moment and
lateral-force coeffiocients,.

i
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RESULTS AND DISCUSSION
Asrodynamic Characteristics in Pitoh

~

‘The 1ift, drag,and pitching-moment ocharacteristics of the wing
mounted on a fuselage at the high-wing, low-wing, and midwing
positions and of the wing alone, with and without flaps, are
presented in figures 4 to 7. The variation of daCp/dCp with lift

coeffioient is shown in figure 8,

Lift and stalling oharecteristios.— Figures 4(a) and 5(a) show
that at a Reynolds mumber of t,090,000, the presence of the fuselage
had very little ei'feoct on the maximm lift coefficient and the slope
of the 11ft curve., The Reynolds mmber of the data for the wing
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apd without split flaps. Increments in C due to obanges in the
Ty

.vortical location of the fuselage are given in figure ll. The
asrodynemic charecteristics through a yaw range at a constant angle
of attack near maximum 1ift are presented in figures 12 and 13.

Effective dihodral parameter.— Figure 11 shows that at a
TReynolds number oi 5,30(,000 and with the [laps off, the presence
‘of the fuseluge in the midwing combination caussd no change in the

offective dihedrnl perameter Cy " at zero lift, but that the high=
wing and low-wing positions added increments in cl* egqual to
. 0400065 and —0.00065, respectively. The inorements in Cj v due to

- the fuselage decreased linearly with increasing lift coefficient up
to values of 1irt coefficisnt of about O.7. With the flaps on, the
high-wing and low—wing positions produced almost constant incrememts
in Cp4 through the lift range, equal to about 0.00050 and -0,00030,
mapccgivoly, end the .midwing position had no effeot.

The increments in C-L* produced by the various wing poeitions,

tend to become irregular in the high 1lift renge due to the unsteady
conditions aseociated with initial separation over the wing tips. A
comparison of this data with corresponding data from reference 2
shows that the increumenis in Cj v produced by the fuselage for

various vertical locations of tho 120 swsptback wing are approximately
of the same order as have been measured on wings having little or
no sweep. .

Reduoing the Reynolds mumber fram 5,300,000 to 1,720,000 caused
the inorements in C;, to be shifted in a positlvs direction at low
lifte with flaps off, for the high-wing and low-wing coambinations,
but d1d not sffect L1y 8t zero lft for the midwing combination.

With flaps on, the high-wing and low-wing positions had values of
Ac;' approximatsly equal to those at the higher Reynolds mmber

while the midwing position had a more negative value, All combinatias
showed unsystematic variation of .:c,,' at moderete and high lifts,

Figures 9 and 10 show that the ecale effect on CH with tho.

fuselage on 15 the same as was noted in reference 1; in that, reducing
the Reynolds mumber from 5,300,000 to 1,720,000, considerably redused
the linsar range of the variation of c;, wvith Cp.
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intersection of 0273 chord
hne mth plone of symmelry 7

& incidence — !
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Figure 2.~ Geometry of 42° swapl-bock wing ond fuseloge. Aspect
ratio= 4.0/; tqper ratio =0.625; area= 4643 sq in.; T=34.7in. No
dihedral or twist. (Al dimenséons in inches)
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NACA LMAL 49382

(b) Pitch support details.
Figure 3.- Continued.
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(b) R = 1,720,000.

Flgure ll.- Effectes of a fuselsge on cw' of a }42° sweptback wing for three
vertical positions of the wing.
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