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RESEARCH MEMORANDUM

AERODYNAMIC STUDY OF A WING—FUSELAGE COMBINATION
EMPIOYING A WING SWEPT BACK 63°.— EFFECTS
OF SPLIT FLAPS, ELEVONS, AND IEADING—
EDGE DEVICES AT 1OW SPEED

By Edward J. Hopkins

SUMMARY

An investigation was conducted to evaluste the effects of split
flaps, elevons, sharp leading edges, drooped-nose flaps, and extended—
nose flaps on the 1ift, drag, snd pitching-moment characteristics at
low speed of a wing—fuselage combinatlion having a wing with the lead—
Ing edge swept back 63° and having an aspect ratio of 3.5. Measure—
ments were also made of the rolling moments produced by the.elevons.

In gddition, a study was made to evalumte the effects of the fuselage
and possible Reynolds number effects on the characteristics of the wing.

The optimum chordwise position of the split flap for increasing
the 1lift coefficient attalned before the occurrence of longitudinal
instablility and for reducing the drag at high 1ift coefficients was
the position with the split flap hinge line coincident with the
trailing edge of the wing. The effectiveness of the elevons for
producing rolling moments was nearly constant up to an angle of
" attack of 99, but decreased at greater angles of attack. The full—
span leadling—edge flaps increased the 11ft coefficient attained
before the occurrence of longitudinal Instebllity considerably more
than did the 50-percent span leading-edge flaps. The extended—nose
flap was about twice as effective as the drooped—smose flap in
reducing the drag of the model at the higher 1lift coefflicients.

INTRODUCTION
A coordinated program 1s being conducted at Ames Aeronautical

Laboratory to provide information throughout an extensive range of
Mach and Reynolds numbers on a wing—fuselage combination employing
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a wing with the leading edge swept back 63° and having an aspect
ratio of 3.5. According to the theoretical considerations of refer—
ence 1, a wing of this plan form should be capable of efficient
flight at supersonic Mach numbers up to 1.5. ZExperimental results
from tests of wings of this plan form. at high Mach or Reynolds
numbers are presented in references 2, 3, and L.

A wing—fuselage comblnation having a wing of the plan form Just
described was investigated 1n one of the Ames 7— by 10—foot wind
tunnels to evaluate the effectivenesa of various flaps and particu—
larly their capacity for eliminating the large changes in the longl-—
tudinel stsbility which have been found to occur above a 1lift coef-—
ficient of 0.4 (reference 4). In this comnection, a drooped-nose
flap and an extended—nose flap were tested in conjunction with
treiling—edge flaps. Furthermore, an investigation was made to
determine the optimum chordwise position of split flaps and the
effectiveness of elevons of two different plan forms.

NOTATTON

All forces and moments are referred to the wind axes with the
origin on an extension of ‘the wing root chord at the same longi-—
tudinal position as a polnt at 25 percent of the wing mean aero—
dynamic chord.

drag
CD drag coefficient <}a§%>

Cy, 11ft coefficlent 1ift
QS
Ci rolling-moment coefficlent (rol’!.ing moment)
kqsb
Cn piltching-moment coefficient <%itching_g:msnt)
; e poeld o v qSc

A aspect ratio <%2>

b span of semispan wing perpendiculsr to the plane of symmetry,
feet .

c wing chord parallel to plane of symmetry, feet
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b
c2 dy

mean serodynamic chord —_OTJ—- 5 Teet

c dy
o

wing loading, pounds per square foot

free—stream dynemic pressure <%pv2) y pounds per square foot

Reynolds number (I\JE>

fuselage radius, feet

area of semispan wing, square feet

free—stream veloclty, feet per second

ginking speed, feet per second

longitudinal distance, feet

lateral dlstance, feet

angle of attack of the wing chord plane, degrees

control—surface deflection measured in a plane normal to the
hinge line (For positive deflections, the flap is below the
wing—chord plens.), degrees

kinematic viscoslty of alr, feet sguared per sscond

mass density of air, slugs per cubic foot

Subscripts
drooped~-nose flap

elsvon
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f split flap

i 1nduced
n extended—nose flap
u uncorrected

CORRECTIONS

An explanastion of the method used in calculating the wind—
tunnel—wall corrections which were applled to the data 1s glven in
the appendix. The equations used in correcting the data are as
follows:

Cp = Cp, + 0.0319 Cp 2
Cr, = 0.99 C1,
Cy = 0.938 Cy

(9]
]

w = Cm, + 0.0010 Cp
1.36 0.19 (c
ay + 1.36 C,, + 0.19 ( I.u)§=oo

e
1

Measurements were made of the deflection due to the aerodynamic
loads of the model at various spanwise positions and of the change
in angle of attack of the wing tip for dynamic pressures ranging
from 20 to 150 pounds per square foot. For & 1ift cocefficient of
0.35 and a dynamic pressure of 50 pounds per square foot the wing
tip deflected 0.33 1lnch above its no-load position; however, only a
negligible change in angle of attack of the wing tip was measured.
Evidence that the effects of model distortion were negligible was
alsc obtalned from tests of this model in the Ames 12-foot pressure
wind tumnel (reference 3) at dynemic pressures of 53 and 105 pounds
per square foot for a constant Reynolds number of 9.75 X 10%. Only
small effects on the aerodynamic characteristics of the wing were
produced by this dynamic-pressure variation. Hence, no corrections
have been applied to the data of the present tests for the effects
of model distortion.
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MODEL AND TESTS

The semispan wing used for this lnvestigation had its leading
edge swept back 639, an aspect ratio of 3.5 based on the geometry of
the complete wing, a taper ratio (ratio of tip chord to root chord)
of 0.25, no twist, no dihedral, and the NACA 64AOC6 profile parallel
to the plane of symmetry. The model wing is shown in figure 1
mounted from the floor of the Ames T— by 10—Ffoot wind tunmel No. 2,
Model dimensions are presented in figure 2.

A gap of one-eighth inch existed between the turntable and the
extension of the wing spar which passed through the turntable to
support the model. The clearance between the tunnel floor and the
model was about one—quarter inch except near the nose of the long
fuselage where the gap was about three—quarters inch.

The fuselage used in part of this iInvestigation was semi-—
circular In cross sectlon and had a fineness ratio of 12.5. This
fuselage 1s hereafter referred to as the long fuselage.l Due to
possible effects of the wind—tunnel walls on the experimental
results, the maximum angle of attack employed with this fuselage
was 26°. To allow for a greater angle—of—attack range for the
major portlon of the investigation, this fuselage was shortened to
a Tlneness ratio of 10.5. This fuselage 18 referred to as the
short fuselage.2 The wing 18 shown in combination with the long
and short fuselages 1in figure 3.

The model was tested with a 0.25—chord split flsp in four
chordvwise positions on the wing with hinge lines along lines of
constant—percent wing chord (40, 60, 75, and 100 percent of the

1Equation for conmtour of long fuselsge (see fig. 2)

r = 0.680 [1.000 - (1.000 - X

21 3/4
75%) |

2Equations for contour of short fuselage (see fig. 2)

Nose: r = &/ T7.371 — (x~3.116)° — 8.226

Tail: r = ,/0.918 — (x0.718)% - 0.635

The ordinates of the center portion of the short fuselage were
identical to the ordinates of the center portion of the long fuse—
lage from 51.00 inches to 183.60 inches from the nose of the long
fuselage.
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wing chord), and in two chordwise positions with hinge lines normal
to the air stream. The model was alsc investigated with a split flap
of triangular plan form with its hinge line coincident with the
trailling edge of the wing. All of the split flaps hed the same srea
and extended from the fuselage to the midsemispan of the wing. The
dimensions and positions of the spllt fleps on the wing are shown

in figure 4.

The model wae investigated with an elevon having chords equal
to 25 percent of the local wing chord, and with an elevon of constant
chord. Both elevons extended from the midsemispen to the wing tip
and had unsealed radius noses., The dimensions of the elevons are
given 1n figure 2.

Sectional views of the leading-edge flaps and the sharp leading
edge are shown in figure 5. The model was tested with these devices
having span equal to 50 and 100 percent of the wing span. The 50—
percent—span leading-edge flaps extended from the midsemispan to
the wing tips; whereas the 50—percent—span sharp leading edge extended
from the midsemispan to the wing—fuselage Juncture. Photographa of
the model with the full—span drooped-nose and extended-nose flaps are
ghown in figure 6.

Most of the tests were conducted at a dynamic preesure of 50
pounds per square Poot which corresponded to a Reynolds number of
4.2 million. However, to investigate possible dynamic scale effects,
some tests were performed throughout a Reynolds number range of 2.5
to 7.2 million.

RESULTS AND DISCUSSION
Plain Wing and Wing-Fuselage Combinations

The results of tests of the plain wing and wing—fuselage combi—
nations are presented in figure 7. The following characterlstics of
the plain wing are noted Jjust sbove a lift coefficient of 0.2:

(1) The rate of change of 1lift with angle of attack increased, and
(2) the aerodynamic center shifted rearward. Observations of the
flow in the boundary layer, by means of short tufts of thread
attached to the wing surface, indicated that a local region of flow
separation occurred near the wing leading edge 1n the vicinity of the
wing tip at a lift coefficient of approximately 0.2. The following
characteristics of the plain wing are noted in figure 7 Just above a
1ift coefficient of 0.4: (1) The rate of change of 1lift with angle
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of attack decreased, (2) the wing.sfficiency factor,

decreased, and (3) the aerodynamic center shifted forward. The
surface tufts indlcated a complete breakdown of flow near the wing
tip at a 1ift coefficient of about 0.4.

The addition of either fuselage increased the lift—curve slope
(3C3,/3a) from 0.042 to 0.0h6 per degree and increased the drag at
low 1ift coefflicients. The same Increase of the lift—curve slope
was measured for a geometrically similar model, having a full-spen
wing, in the Ames 40— by 80—foot wind tumnel (reference 4). The
wing in combination with the short fuselage had the same general
characteristics as the wing in combination with the long fuselage
except for slight differences in the pitching moments. During the
investigation of the varlous control devices, the short fuselage
was used in combination with the wing to permit testing up to an
angle of attack of 38°.

Reynolds Rumber

Most of the data in this report were obtalned at a& Reynolds
number of %.2 miliion; however, to investigate possible dynamic—
scale effects the date presented in figure 8 were obtalned throughout
a Reynolds number range of 2.5 to 7.2 million. Increasing the
Reynolds number from 2.5 to 4.2 million increased the 1lift coef—
ficient attained before the occurrence of longltudinal instability
of the wing with the long fuselage from about 0.4 to 0.5, but had a
negligible effect on this 1lift coefficlent of the plain wing.
However, a further 1lncrease of Reynolds number to T.2 million
resulted in no improvement of this 11f% coefficient. The drag coef—
flcients were reduced slightly for all 1ift coefficients between
0.1 and 0.8, but the lift—curve slope was not greatly affected by
increasing the Reynolds number from 2.5 to 7.2 million.

Split Flaps

The effect of the 0.25—chord split flap In several chordwise
positions on the characteristics of the model 1s shown in figure 9.
The split flap with 1ts hinge 1line at the tralling edge of the wing
¥ielded the largest increment of 1ift coefflcient for all angles of
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attack and flap deflections investigated (an increment of at least
0.4 up to an angle of attack of 24°) and increased the 1ift coef—
ficient attalned before the occurrence of longitudinel instability
from about 0.5 to 0.8. As the hinge line of the split flap was
moved forward from 100 to 40 percent of the wing chord, the flap
effectiveness decreased rapidly. Although the split flap with its
hinge line at the wing tralling edge produced the largest 1ift
increases, this flap also produced the largest changes in longl-
tudinal balance.

The split flaps with thelr hinge lines normal to the air stream
provided less negatlive pitching moments and smaller 1lift increments
than d4id the split flep with its hinge line at the trailing edgs of
the wing (fig. 9(a)). With the eplit flap deflected 60° in the forward
positlion with its hinge normal to the alr stream the 1ift coefficient -
attained before the occurrence of longitudinel instability was
increased from about 0.5 to 0.6. Surface tufts indicated that the
split flaps with their hinge lines normal to the air stream caused
flow separation to occur initlally near the midsemispan of the wing
at an angle of attack of 0°. At angles of attack greater than 129,
these split flaps caused a larger portlon of the wing to stall, which
is probably responsible for the decreased lift-curve alope and the
decreased maximum 1ift coefficient (fig. 9 (a)). .

Increase of the deflection of the split flaps from 45° to 75°
caused relatively small changes in the lift and pitching-moment
characteristics (fig. 9(a))}. Deflecting some of the split flaps
more then 45°, for example, the flap hinged at 100 percent of the
wing chord, decreased the maximum 1lift coefficient. Only the split
flap at the trailing edge of the wing greatly reduced the drag of
the model at high 1ift coefficients (fig. 9(b)).

The data for the model with the split flap of triangular plan
form and with the split flap of constant—percent chord (both hinged
along the wing trailing edge) are presented in figure 10. At high
angles of attack the split flap of firlangular plan form produced
slightly larger increments of 1lift coefficient than the split flap
of constant—percent chord of the same area., Longitudinal insta-
bility occurred at approximately the same 1ift coefficient with the
same deflection of elther flap, but the split flap of triangular
plan form deflected 45° produced slightly less negative pltching _
moments at small angles of attack. With elther flap at 0° angle in
the extended position, the lift—curve slope was increased from 0.046
to 0.052 per degree and the eserodynamic center was shifted rearward
1.5 percent of the mean aerodynamic chord at small 1ift coefficilents. %
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The drag characteristics of the model with the triangular flap were
gimilar to those of the model with the 25—-percent—chord split flsp
for the same flap deflections {fig. 10(b}).

Elevons

The characteristics of the model with various deflections of the
constant—percent—chord elevon and the constant—chord elevon are
presented in figure 11. The pitching moments with the constant—chord
elevon undeflected were slightly different from the pltching moments
with the constant-percent—chord elevon undeflected. Simllar discrep—
ancies may be found in other figures of this report. These discrep—
ancies are belleved to have been caused by small differences in the
contour or in the O° settings of the various controls. At small
angles of attack, the rates of change of pitching— and rolling—
moment coefficlents with elevon deflection for the two elevons were
approximately in proportion to their area moments ebout the pilteh or
roll axes.® The rate of change of 1ift, pltching-moment, and
rolling-moment coefficient with elevon deflection remained nearly

constant up to an angle of attack of 9°, decreased between angles of
attack of 9° and 17°, but increased at higher angles of attack for

negative deflection of the elevons. In the low 1lift range, the rate
of change of pltching-moment and rolling-moment coefficients with
elevon deflection decreased as the negative deflection of the elevon
exceeded 30°.

The characteristics of the model with the constant-chord elewvon
and the 0.25—chord split flap deflected 45° at the wing trailing edge
are presented in figure 12. This was the selsevon split—flap combina-—~
tion tested with the leading-edge flaps which will be discussed in
the succeeding sections of this report. The rate of chenge of 1ift
end rolling-moment coefficlents with elevon deflection remained
nearly constent to an angle of attack of 5%, but decreased at higher
angles of attack. Therefore, with the split flap the effectiveness
of the constant—chord elevon began to decrease at a smaller angle
of attack than without the split flap (figs. 11 and 12).

As mentioned hereinbefore the split flap hinged at the wing
traliling edge produced large changes 1n balance; therefore, the

SThe moment of the area of the constant—chord elevon about either
the pltch or the roll axis was approximately 1.5 times that o
the constant—percent—chord elevon. .
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longitudinal—stability margin should be considered in choosing the
type of control surface to be used for balance. With the negmtive
deflection of the elevon limited to 40° » the split flap deflected

45° and the center of gravity at 0.25¢, the wing—fuseigge combination
could be balanced only for 1lift coefficients up to 0.46 (fig. 12).

However, 1t appears possible to use a more rearward genter of gravity
and still to maintaln adequate longitudinal stability at the lower
1ift coefficlents. With a more rearward center of gravity, the
wing—fuselage combination could be balenced at all 1ift coefficients
with smeller elevon deflectlons, thus allowing more elevon effec—
tiveness for lateral control.

Leading-Edge Devices

The model was tested with both the drooped-nose flap and the
extended-nose flep deflected 30°, 35°, 40°, and 50°. The optimm
deflection for either flap was found to be about Lo®, As only slight
differences were noted in the results for the sSeveral deflections,
only the results for the 40C deflection are presented. The model
was also Investigated with each of the leadipng-edge flaps 1n various
combinations with the constant—chord elevon undeflected and deflected
negatively 20°, and the 0.25—chord split flap undeflected and
deflected 45° at the trailing edge of the wing.

The cheracteristics of the model with the drooped—nose flap of
50—percent wing span and of full wing span are presented in figures
13 and 14, respectively. The drooped—nose flap of 50—percent wing
span decreased the lift at all anglea of attack and falled to improve
the pitching-moment characteristics of the model (fig. 13). However,
the drooped—nose flap of full wing span gave slightly better results,
increasing the 1lift coefficient &t which longitudinal instebility
occurred sbout 0.15 with the split flap retracted and sbout 0.0% with
the split flap extended (fig 14). With the elevon deflected -£20°,
the split flap deflected 45% and the drooped-nose flap of full wing
span deflected 40°, the 1lift coefficlent attained before the
occurrence of longltudinal instebility was greater than 1.0 (fig. 14).

The cheracteristics of the model with the extended-nose flap
of 50—percent wing span and full wing span are presented In figures
15 and 16, respectively. The extended-nose flap of S50—percent wing
span proved to be as ineffective as the drooped-nose flap of 50—
percent wing span for Iincreasing the 1ift coefficlent of the model
before the occurrence of longitudinal instability (figs. 13 and 15).
However, with the split flap deflected 45° and the elevon deflected
—20°, the extended-nose flap produced a more nearly linear variation

N
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of pitching-moment coefficlent with 1lift cgefficient up to a 1lift
coefficient of 0.9 than did the drooped-mofe flap (figs. 13 and 15).
With the split flap deflected 45°, the exténded: gse flap of full
wing span increased the 1lift coefficlent at d before instebility
more than did the drooped—nose flap of full wing span, but shifted
the aerodynamic center forward about 9 percent of the mean asero—
dynemic chord (figs. 14 and 16). This forward shift of the asro—
dynemic center due to the extended-~nose flap of full wing span was
partly alleviated by deflecting the elevon —20° (the elevon caused
a rearward displacement of the aesrodynamic cemter of 3 percent of
the mean aerodynamic chord (fig. 16)).

The drag characteristics of the model with the full-span
leading—edge flaps are presented 1n figure 17. The drooped-nose
Tlap or the extended—nose flap of full wing span reduced the dreg
coefficients of the model at high 1ift coefficients, with the split
£lap either retracted or extended. The extended—ose flap was sbout
twice as effective as the drooped—nose flap in reducing the drag at
high 11ft coefficlents.

The importance of drag at high 1ift coefficients can he
appreclated by considering the sinking speed of an alrplane. The
variation of 11ft coefficient with drag coefficient for sinking
speeds of 20, 30, and L0 feet per second for an assumed wing lozding
of 40 pounds per square foot is presented in figure 17. It should
be observed that at a 1ift coefficient of 1.0 the full-span extended—
nose flap would decrease the sinking speed of the wing—fuselage
combinetion with the split flap deflected 45° at the wing trailing
edge from greater than 40 feet per second to about 30 feet per
second. The limiting value of sinking speed recommended in reference
5 1s 25 to 30 feet per second.

The characteristics of the model with the shexrp leading edges
of 50—percent wing span and of full wing span are shown In figure
18. The sharp leading edges eliminated the lncrease in longitudinal
stebillity which occurred Just above a 11ft coefficlent of 0.3
however, they decreased the 1lift coefficient attalned hefore the
occurrence of longlitudinal instability. The addition of the sharp
leading edges moved the asrodynamlc center forward at low 1lift cosf-
ficients and increased slightly the 1lift at high angles of attack.

Highest Lift Coefficient Attained
Before Longitudinal Instabllity

Although none of the devlices eliminsted the longitudinal
instability, some devices substantially increased the lift coefficlent



12 sl NACA RM No. A9C2L

at which instability first occurred. The highest 1ift coefficients

attained before the occurrence of longltudinal instabllity for the

model with the various flaps are summarized in figure 19. The -
largest gain in thils 1ift coefflcient was produced by the split flap

deflected h5 at the trailing edge of the wing. The addition of the
leading—edge flaps of 50-percent wing span deflected 40° increased

this 1ift coefficlent slightly. However, with either of the leading—

edge flaps of full wing span deflected 40°, the elevon deflected —£0°,

and the split flap deflected 45°, a 1ift coefficient greater than 1.0

was attalned before longitudinal instabllity occurred.

CORCLUSIONS

From an eoxperimental investigation at low speed of the effects
of split flaps, elevons, and leading-edge devices on the charac—
teristics of a wing—fuselage combination employing a wing swept
back 63° it is concluded that:

l. For the plain wing—fuselage combination, an increase of
Reynolds number from 2.5 to 4.2 million increased the 1lift coef-
ficlent attalned before the occurrence of longitudinal instability
from about 0.% to 0.5, but a further increase of Reynolds number to
7.2 million resulted in no improvement of thie 1lift coefficlent. '

2. The optimum chordwise position of the split flap for delaying
the occurrence of longitudinal instability to a higher 1ift coef-—- -
ficlent was the position with the flap hinge line colncldent with
the wing trailing edge. This was the only position of the split
flap which greatly reduced the drag of the model at the higher 1lift
coefficlents.

3. The rate of change of 1lift, pitching moment, and rolling
moment with elevon deflection remained nearly constant up to an
angle of attack of about 9%, but decreased at greater angles of
attack.

4, The 50-percent—span leading—edge flaps gave no significant
improvement in the pltching-moment characteristics of the model.
However, the full—spsn leading—edge flaps deflected 40° increased
the 1ift coefficlent attained before the occurrence of longltudinsl
instability to a value greater than 1.0 with the split flap deflected
459 at the trailing edge of the wing and the elevon deflected —20°.

5. The extended—nose flap of full wing span was about twice as '
effective as the drooped-nose flap of full wing span in reducing the

e .
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drag of the model at the higher 11ft coefficients.

6. With the full-span extended-nose flap deflected 40°, the -
split flap deflected 45° at the tralling edge of the wing, and a
wing loading of 40 pounds per square fooit, a sinking speed of 30
feet per second was indicated for a 1ift coefflclent of 1.0.

Ames Aeronautical Iaboratory,
National Advisory Committee for Aeromautics,
Moffett Field, Calif.

APPENDIX
WINDTUNNEI~WALL, CORRECTIONS

Wind—tunmel—-wall corrections for umnswept reflection—plane
models mounted on a T—foot wall of a T— by 10—foot wind tunnel have
been presented in reference 6. For the purpose of the present
report, the method used in reference 6 was modified to include the
effects of sweepback upon the tumnel—wall corrections for a reflection—
plane model mounted on a 10—Ffoot wall.

The spanwise distribution of load was spproximated by using two
staggered horseshoe vortices as shown in figure 20. The normal method
of summing the irnduced velocities of a doubly infinite image pattern
was then followed. The induced velocity at the point P was
computed separately for each horseshoe vortex and added in the
following manner:

CIER OV ON IO}

x=x'?

(The subscript 1 refers to the horseshoe vortex having the trailing
vortex a dlistance yi1! from the plane of symmetry, and the subscript
2 refers to the horseshoe vortex having the trailing vortex a
distance y3'' from the plane of symmetry (fig. 20).)



The total boundery—induced vertical velocity was then

v_ 1l SN (L)% 2na—a, -y 1 X
T b Z Z (2ne-yy-7)2+(zh)2 [ +a/(2nn—71—y)2+x2+(mﬁ)2]

N0 M=—to

_ Pra+y,-y [ __x ]+ x [ 2ne~y,-y
(2ne+y1~5)° +(zh)? o (2navy,—7)2+x2+(an)2 | x2+{mh)2 | ¥(Eoa—y1-y)2+x2+(uh)2

_ 2na+y1-y :l }
J (2naty; —¥)24x2+(nh)2

where

a T-foot dimenslon of wind tunnel

h 10-foot dimension of wind tunmel

n number of image patterns in the Z direction
number of image patterms in the Y direction

-'g boundary-induced vertical velocity

The remaining symbols in the ebove equation are defined in figure 20.

7T

1206V ©K WY VYOVA
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The values of = calculated by the above equation were then

used in the basic equation gilven in reference 6 to obtain the actual
wind—tunnel—wall corrections listed in a prevlious sectlion of this
report.
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Figure 1l.— The wing mounted in one of the Ames T— by 10—foot wind
tunnels.
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Flgure 2~ The model geomelry.
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(b) Short fuselage and split flap.

Figure 3.— The wing—fuselage conmbinations moumted in one of the Ames T— by
10—foot wind tumnnels.
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(bp) Full-span extended-nose flap.

Figure 6.— The model with leading—edge flaps mounted in one of the Ames
T— by 10—foot wind tunnels. :
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