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LARGE-SCALE SWEPT AND UNSWEPT WINGS
By William H. Tolhurst, Jr.
SUMMARY

A wind—tunnel investigation has been conducted to determine,
at- large scale, the downwash angles, dynamic pressure loss, and
wake width behind wings having sweep angles of *45°, *30°, and 0°,
Data were obtained in a vertical transverse plane located at the
probable tail position behind the wings for a region from the
plane of symmetry to 0.7 semispan.

The results of this investigation indicate that the spanwise
distribution of downwash was affected by sweep in a manner similar
to span loading, increased toward the root by sweepforward and
toward the tip by sweepback. After the first appearance of stall
the downwash near the root of the swept—forward wing decreased
markedly, probably as a result of loss of 1lift, while the down-—
wash near the root of the swept—back wing increased, probably as
a result of inboard movement of the tip vortices.

Sweep in the wing plan form modified the spanwise variation
of wake thickness producing a thick wake near the root of swept—
forward wings and near the tip of swept-back wings. At moderate to
high angles of attack, sweep tends to keep the wake high.

INTRODUCTION

Two of the most important factors affecting the design of a
horizontal tail for an airplane are the downwash and wake of the wing
at the tail. Extensive research has been conducted to determine the
downwash angles and wake of unswept wings having various plan forms.
In the case of swept wings, however, insufficient data regarding the
downwash field and the wake have yet been obtained to enable analysis
of the effect of wing sweep on tail—plane design.
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In order to add to the knowledge of the downwash and wake
characteristics of swept wings, a limited survey has been made of
the downwash and wake behind wings having angles of sweep of O,
#30°, and #45°. These data were obtained during the investigation
reported iIn reference 1, and the results are reported herein.

CL

Cly,

de/da

d &y x/do

SYMBOLS
1ift coefficient (1ift/qS)

rate of change of 1ift coefficient with &ngle of attack

downwash angle, measured relative to the wind axes, degrees

maximum downwash angle, degrees
rate of change of downwash angle with angle of attack

rate of change of maximum downwash angle with angle
of attack

angle of attack, degrees
free—stream dynamic pressure, pounds per square foot
dynamic pressure in the wake, pounds per square foot

angle of sweep of quarter—chord line, degrees
Sweepback 1s positive and sweepforward is negative.

aspect ratio (b2/s).

wing span measured perpendicularly to plane of symmstry,
feet

wing area, square feet /
2
mean aerodynamic chord, feet 'S' /‘b c2dy
o)

longitudinal distance from a point at0.25 M.A.C., to
survey plane

horizontal distance, perpendicular to plane of
symetry, semispan
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Z vertical distance above the extended chord plane, measured
in a plane normal to the X-axis, semispan

DESCRIPTION OF APPARATUS AND METHOD

Wing panels of each model were taken from a production airplane,
having an NACA 0015 airfoil section at the root and an NACA 23009
airfoil section at the tip. The sweep angles of t45°, $30°, and 0°,
measured from the quarter—chord line, were obtained by Interchange—
able center sections as described in reference 1. A sketch showlng
the geametric characteristics of each of the wings 1s presented in
figure 1, Construction difficulties prevented the possibility of
maintaining a consistent variation of either taper ratio or aspect
ratio, The chord plane was maintained at 0° dihedral throughout
all configurations.

The wings were mounted in the Ames 40— by 80-foot wind tunnel
on the three—strut support system., The survey rake consisting of
gix tubes of the combined pitch, yaw, and dynamic pressure type
was mounted on a strut which allowed both vertical and horizontal
movement of the rake., The strut was located to survey in a plane
perpendicular to the X-exis approximately 2.8 M.A.C. behind a point
at 0.25 M.A.C. of each of the wings. A photograph of the general
test arrangement is shown in figure 2. Figure 3 shows the relation
of the wings to the survey equipment.

For each of the wings, data were obtalned at five spanwise
stations for three angles of attack and at one spanwise station
for an angle—of-attack range. The test was conducted at a dynamic
pressure of approximately 20 pounds per square foot which resulted
in Reynolds numbers, based on the M,A.C.,, ranging from 5,500,000
for the unswept wing to 9,100,000 for the 45° swept—~forward wing.

The angle of attack, downwash angle, and wake location have been
corrected for alr-stream Iinclination, tummel-wall effect, and tare
effect of the supporting boom and struts. It was found that the
average tunnel-wall corrections with sweep were approximately the
game as without sweep; therefore, the corrections for the unswept
wing were used.

RESULTS

Figure 4 presents contour maps showing lines of constant down—
wash angle in relation to vertical distance from the extended chord



L NACA RM No. ATLO5

plane of the wing. The change of maximum downwash angle with angle

of attack is shown in figure 5 at one spanwise station for each of the
wings. Curves from reference 1 showing the variation of 1ift coeffi-
clent with angle of attack for each of the five wings are presented

in figure 6 in order to allow the downwash angle to be related to 1ift
coefficient as well as angle of attack. The wake data are presented
in figure 7 in terms of the maximum dynamic pressure loss in the wake
and the vertical location of the wake limits in relation to the extended
chord plane. (Limits of wake were taken as the polnt at which the
dynamic pressure in the wake returned to 0.99 of free-stream dynamic
pressure.) Due to the wide spacing of the rake tubes (fig. 3) it

was not possible to define exactly the wake profile. The data as
presented in figure 7 were taken from faired wake profiles and should
show the qualitative effects of wing sweep on the wake.

DISCUSSION
Downwash

The general characteristics of the downwash field behind swept
wings can be observed in the contour maps of figure 4., On swept—
forward wings the maximum downwash occurs at the root. As the
wing is swept back the point of maximum downwash moves outboard
approaching the tip of the wing. This movement reflects the outward
gshift in loading due to sweepback as noted in reference 2.

The effect of downwash on the stability of an airplane having
a horizontal tail can best be studied through the parameter de/da.
On unswept wings it can be demonstrated that de/da 1s very nearly
proportional to CIQ/A. If, to a first approximation, this relation—
ship holds for swept as well as unswept wings, then it might be
expected that sweep would affect de/da only as sweep affects Cr,
(approximately cos A according to simple sweep theory) .

For the wings considered in the present investigation the
lift-curve slope and aspect ratio varied with sweep in such a manner
ag to keep the ratio CLa/A approximately constant; hence little
change in the magnitude of de/da would be expected for the various
wings. In figure 5 is shown the measured variation of maximum down—
wash angle with angle of attack for the various swept wings. Also
shown is the estimated variation of maximum downwash angle with angle
of attack based on the assumption that depgy/da is proportional
to CLq/A- If the slope of the linear portion of the experimental
curve for the unswept wing is considered as the reference, the slopes
of the corresponding portions of the curves of the swept—back wings
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show little deviation from the predicted curves, while the curves of
the swept—forward wings show slopes that are greater than predicted.
The limited scope of this investigation prevents drawing of definite
conclusions in this respect until further evidence can be gathered.

At high values of (], where stall begins on some sections of
the wing, as indicated by tuft studies, the data of figure 5 indicate
that the downwash angle continues to increase with angle of attack
or remain nearly constant for the unswept and swept—back wings;
whereas for the swept—forward wings the downwash angle shows a
decrease. This may be explained by the fact that the unswept and
swept~back wings stalled first at the tip causing the tip vortex
core to move inboard exerting a stronger Influence on the induced
vertical velocity near the plane of symmetry. The swept—forward
wing, on the other hand, stalled first at the center section and
the induced velocity near the plane of symmetry is greatly reduced.
For an airplane employing swept—forward wings and a tall thls decrease
in downwash should provide a large diving moment and thus aid in
overcoming the tendency for longitudinal instability at high 1ift
coefficients associated with most highly swept wings of high aspect
ratio, '

Wake

The wake limits as shown in figure 7 indicate that the wing
wake thickness increases toward the root of a swept—forward wing
and toward the tip of a swept—back wing. This is probably the
result of the spanwise flow in the boundary layer which tends to
collect the low energy boundary-layer air at the root of the
swept—forward wing and tip of the swept—back wing. In general,
there is a gradual increase in wake width toward the root of swept—
forward wings and toward the tip of swept-back wings. However, at
high angles of attack, the wake of the 45° swept—forward wing shows
a very rapid increase in width inboard of the 0.40 b/2 station;
that is, at the 0.30 b/2 gtation the wake is O0.77 b/2 thick with
indications of a greater increase further inboard.(The survey rake
could not be raised high enough to cover the upper wake limit at
the 0.185 b/2 gtation) Similar results were reported in reference 3
for a 35° swept—forward wing. Observations of flow over the 45°
swept—forward wing reported herein and other swept—forward wings
indicate that this extreme wake thickness 1s probably the result
of flow separation near the leading edge of the wing. Hence 1t is
possible that a leading—edge modification such as a drooped nose,
leading-edge flap, or a slot would succeed in reducing the wake
width to more normal values. It might be presumed that a somewhat
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gimilar pattern would have been found near the tip of the swept—back
wings had the surveys been extended to the tip.

As in the case of unswept wings it appears that tail height
through its control over qT/q experienced by the tailil will also
be important on swept wing designs. However, in contrast to most
unswept wing designs in which it has been generally beneficial to
keep the tail plane high and above the wake, it appears from these
results that for swept wing designs, the rapid vertical spread of
the wake (fig. 7) would dictate low tall plane positions. In the
low position, the tail could be moving out of the wake as the angle
of attack is increased, which would increase the stability. And
further, at high angles of attack where a high degree of control
is required, the tail would be operating out of the wake. Attention,
however, must be given to requirements of ground clearance which
could restrict tail heights to those in the wing chord plane oy
higher., Choice of a pogition in the wing chord plane may also be
eliminated due to possible adverse effects of the tail lying in
the wing wake at high speeds. Thus it may be impossible to take
advantage of the potentially good low-speed stability and control
characteristics associated with low tail positions.

CONCLUDING REMARKS

Although the limited scope of this investigation prevents
drawing of definite conclusions, certain trends of the effects of
sweep on the downwash and wake behind wings are indicated. The
effect of sweep on the spanwise distribution of downwash reflects
the effects of sweep on the span loading; that is, sweepforward
increases the downwash near the root while sweepback increases the
downwash near the tip. With the first appearance of stall, the
downwash at the root decreases for swept—forward wings as a result
of a loss of 1ift over the wing root and increases on swept—back
wings as a result of the inboard movement of the tip vortices.

Sweep increases the spanwise variation of wake thickness, the
wake being generally thickest toward the root of swept—forward wing
and the tip of swept—back wings. For moderate to high angles of
attack increasing sweep tends to keep the wake high with respect to
the extended chord plane of the wing.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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Figure 2,— The unswept wing mounted in the Ames 40— by 80—foot wind tunnel for downwash and wake surveys.
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