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350 SWEPTFORWARD WING EQUIPPED WITH HIGE-LIFT ‘AND STALL-
CONTROL DEVICES, FUSELAGE, AND HORIZONTAL TATL

By Albert P. Martins esnd Owen J. Deters

SUMMARY

An investigstion was conducted in the Langley 19-foot pressure
tunnel of & 35° sweptforward wing of aspect ratio 5.8, having a taper
ratio of 0.39, and incorporating NACA 65-210 airfoll sections. Included
in the investigetion were three leading-edge stall-control devices,
extensible-nose flaps, slats, snd drooped-nose flaps; three high-1ift
devices, split, single, and double slotted trailing-edge fleps; midwing
fuselage; end horizontal tail.

Extension of elther the extensible-nose flaps or slate over the
inboard 41 percent of the span prevented leading-edge separation over
the portions of the span covered by the leading-edge devices and
minimized the unstable pitching-moment changes of the basic wing in
the high-11ift range. Deflectlon of trailing-edge fleps caused undesir-
gble changes 1n stebillity that were dependent on both the types a.nd
spanwise locations of flaps.

A midwing fuselage increased the basic wing meximm 1ift coefficilent
from 0.96 to 1.21.

Stability was obtained throughout the 1lift range with the tail
located 0.11 semispan below the wing-chord plane extended for all model
configurations investligeted and with the tail located 0.1l semispan
ebove the wing-chord plane with trailing edge flaps neutral. Instebllity
occurred in the high-1ift range *with the other tail positions investi-
gated.

The meximm trimmed 1ift coefficient obtained wlth a stable tail
arrangement and with nose and trailing-edge flaps deflected was 1.85.

UNCLASSIFIED:
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The lift-drag ratio at 0.85 of the maximum 1ift coefficient (approx.
110 percent of the stalling gpeed) for the configuration with flaps
deflected was 7.3, while the maximum lift-drag ratio with flaps neutral
was 14.6. -

INTRODUCTION

Theory and experiment have shown thet eweepback and sweepforward
are parallel means of increasing the force divergence Mach mumber of
wings employing subsonic airfoil sections. Low maximum 1ift coeffi-
cients are experienced in either case as a result of early tip stalling
when the wing panels are swept back and root stallling when the wing
panels are swept forwerd.

Numerous low-speed investigations on sweptback wings (for example,
see references 1 to 3) have shown that the undesirable stalling charac-
teristics could be improved by proper use of leadlng-edge stall-control
devices with resultant increases In meximum 1ift coefficient and

improvement of the longitudinal stability while flap effectiveness has
been found to be low. Still other investigations (references 3 to 5)
have shown thet the stabilizing influence of the horizontal tail In the
vicinity of meximum 1ift depends rather critically upon the vertical

location of the tail.

In order to examine the aerodynamic characteristics of a swept-
forward wing, an investigation was conducted in the Langley 19-foot
pressure tunnel to determine:

(1) The extent to which stalling could be controlled by various
leading-edge stall-control devices

(2) Effects of verticel location of the horizontal tail on the
stability characteristics of the wing-fuselsge combination

(3) Aerodynamic characteristics of the wing with various high-lift
devices

(4) Latersl-control characteristics.

The results of (1), (2), and (3) are presented herein, while reference 6
presents the results of the lateral-control investigetion.
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COEFFICIENTS AND SYMBOLS

The data are referred to the wind sxes wilith the origin at 25 per-
cent of the mean serodynamic chord and are reduced to standard NACA
nondimensional coefficlents defined as follows:

cr 1ift coefficient (E;E_g—t)

Cp drag coefficient <?§§%)

Cm pitching-moment coefficient (?itchiggepoment)
ACT, increment in Cj, due to flep deflection

ACy increment in Cp due to flap deflection

CDpe _ effective profile-drag coefficient (Cp - Cpy)
s wing area, square feet

o] dynamlc pressure, pounds per square foot (EEE)
v velocity, feet per second

p mess density of air, slugs per cubic foot

R Reynolds number G%?z)

L coefficient of viscosity, slugs per foot second
M Mach number (V/a)

a sonic velocity, feet per second

2]

b/2
wing mean serodynsmic chord (M.A.C.), feet (é-tjq ced%)
0

c local wing chord parallel to plane of symmetry, feet
c'! chord normsl to reference line, feet (see fig._l)

y lateral distance parallel to y-axls, feet
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Subscripts:
max

t

NACA RM LSH18s

span, feet

vertlcal distance from rocot-chord line extended to 0.25 point
of tall mean aerodynemic chord, feet

angle of attack of root chord, degrees

incidence of tail chord plene with respect to wing root
chord; positive 1in same sense as a, degrees

flap deflection measured in planes normal to flap hinge
line, degrees

tail-effectiveness parameter, increment in pitching-moment'

dCpy

coefficient per degree change of tail incidence ET;

effective downwash angle, degrees

angle of sweep of 0.25c line, degrees

maximum

tall

trailing-edge flep
leading-edge device
sinking

induced

MODEL AND APPARATUS

The wing had 35.3° sweepforward at the 0.25c line, an aspect

ratio of 5.

79, and incorporated NACA 65-210 airfoil sections in plenes

perpendicular to the 22.50-percent-chord line. The model was of solid
steel and was provided with a smooth finish. Complete wing details are
shown in figure 1.
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Leading-edge stall-control devices investigated included the
followlng:

(1) Drooped-nose flaps
{(2) Retractable slats
(3) Extensible-nose flaps

The effects of upper-surface fences in conjunction with each of the
leading-edge devices were slsc included. Details of the leading-edge
devices and upper-surface fences are given in figure 2; and, as shown
therein, the drooped-nose flaps formed the alrfoil contour in the
neutral positlon. The retractable-slat assemblies, which were inter-
changeable with the drooped-nose flaps, were of mechined dural, while
the extensible-nose flaps were of steel.

Three types of tralling-edge flaps were investigated and are
briefly summarized in the following table:

5¢

Type ctg/ec’ (deg)
Split 0.20 60
Split .55 28
Split 77 23
Slotted _ .25 L5
Double slotted .31 50

The positioning of the slotted and double slotted flaps which were nearly
the two-dimensional optimums are shown in figure 3. Also shown therein
are the spanwlse veriations, slthough only one span of each of the 0.55-
and O.7f7-chord split flaps was Investigated.

Leading-edge roughness was simulated on the basic wing by means of
No. 60 (approx. 0.01 in.) cerborundum grains sprsyed onto a freshly
shellacked strip applied to the forward 8 percent of the upper and lower
airfoil surfaces along the entire span.

Fuselage effects were determined for the midwing position. The
fuselage, & body of revolution, hed & meximm diameter of 12 percent
of the wing span and was of laminated mehogany. The wing end wing with
fuselage were mounted on the two-support system as shown in figure k.
The three-support system was used for tail-on tests with the third
support located slightly behind the wing trailing edge on the fuselage
underside. Figure 5 shows the location of the {three support points and
fuselage details in addition to those of the horizontal tail.
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Vertical positioning of the horizontal tall was achieved by
mounting the tail on a streamlined strut which could be moved in a
vertical slot in the fuselage afterbody. 3In order to minlmize the strut
overhang from the under surface of the fuselage, two strut lengths were
used, one for the two upper positions, and one of very short length for
the two lower positions. The vertical location of the taill was measured
from the root-chord line extended because of wlng washout which was a
result of deriving the wing from one having uniform twist. It can be
seen, however, that the twist at the wing station corresponding to the
tip station of the taill was such that the difference hetween the local
wing-chord and root-chord lines extended was negligible (0.009 semispan}.
Ensulng discussion, therefore, will refer to the vertical distance as
being measured from the wing-chord plane extended.

TESTS

The tests were conducted in the Langley 19-foot pressure tunnel
with the air compressed to ebout 2% atmospheres. All teats were con-

ducted at constant values of Reynolds number which for the ms jority of
the tests was 6.5 x 100 (based on the wing M.A.C.). The resulting
values of Mach number and dynemic pressure were approximetely 0.19
end 120 pounds per square foot, respectively. Because of structural
limitations, the tail-on tests were conducted at s Reynolds number

of 5 X 106. Scale effgct was determined in the range of Reymolds

numbers from 1.85 X 10° to T7.80 X 106 with corresponding Mach numbers
ranging from 0.06 to 0.2L.

Lift, drag, end pitching-moment messurements for esach configuration
were taken through sn engle-of-sttack range extending from about -4°
through meximum 11ft in most cases. Stall progressions were determined
by observing the behavior of wool tufts attached to the wing upper
surface.

CORRECTIONS TO DATA

A1l data were corrected for support tares and interference and for
air-stream misalinement. For the tests with the teil, the tail-support
tare was taken as the difference in coefficlents between corresponding
runs with and without the tail support and was quite small.
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Jet-boundary corrections were determined by means of a method
edapted from reference T and were as follows:

No = O.6ThCE,

ACm = 0.00391CT, (without tail)
ACp = 0.0215Cr, (with tail)
ACD = 0.0106Ct2

Al]l corrections were added to the data.

RESULTS AND DISCUSSION

The force characteristice of the wing and wing with fuselage are
given in figures 6 and 7, respectively. Figure 8 presents the effects
of several leading-edge devices and upper-surface fences on the wing
characteristics, and figures 9 to 11 present the characteristics of the
wing and fuselage In combinatlion with various leading-edge devices,
upper-surface fences, and trailing-edge split flaps. Some of the more
important stell dlagrams are presented in figures 12 to 1%. Figure 15
summarizes the effects of the leading-edge devices, and figures 16
to 26 present and summarize the effects of trailing-edge flap deflection.
Pigures 27 to 29 include the effects of = horizontal tail. All data are
summarized in tgbles I to IV.

Basic wing.- The wing became longitudinally unstable at 1ift
coefficlents well below chax as & result of extensive leading-edge

separation which occurred over the root sections. At a Reynolds
mmber of 6.5 X 106, initisl separation began at the leading edge of
the root section at a 1lift coefficient of sbout 0.5, spread rearward,
and fanned out at the tralling edge as shown in the stall disgreams

aCm
(fig. 12(a)). The value of Free (fig. 15) was zero at this point but
L
broke sharply negative at a 11ft coefficient of 0.7.

At a 1ift coefficient of 0.8 separation occurred at the leading
edge over the inner 60 percent of the semispsn and quickly spread to
the trailing edge with increasing Cr,, as & result of which the
pitching moment incurred enm abrupt unstable trend. The separated sasres
extended to sbout 85 percent of the semlspan at Clpmaxe

The over-z211 wing characteristlcs were similar to those reported
in reference 8 for a thin sweptforward wing which, notwithstanding the
differences in plen form end sweep, allows by means of pressure
distributions an explenetion of the changes in loading associated with
this type of stall progression.
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The stabilizing trend in pitching moment prior to extensive”
leading-edge separatlon is believed to have resulted from rearward
shifts in the loadlings over the root sections in a menner similer to
reference 8.

Refercnce 8, furthermore, shows that with the occurrence of
extensive laminar separation over the inboard sections, the section
meximm lifts were generally established. Further increases to the
angle ‘of attack, therefore, generally resulted in 1ift losses over the
inboard sections and an outboard shift in spanwise loading, while the
over-gll 1ift of the wing continued to increase somewhat. This
redistributed loading, defined by & progressive loss of 1ift over the
inboard sections and an increase over the outboard sections, produced
the large forward movement of the aerodynamic center.

Increasing the Reynolds number normally promotes a greater extent
of turbulent boundary layer which, by virtue of 1ts greater resistance
to separation, permlits the attainment of progressively higher angles
of attack, higher lesding-edge peak pressures and, consequently, a
higher Crlpgx before the occurrence of gseparation. It would be
expected then that =z more severe and sudden separation of flow would
occur with an increase of Reynolds number. Such effects are indicated
in figure 6, although beyond a Reynolds number of 5 X lO6 no signifi-
cant changes were noted to 7.8 X 106.

The delsy in leading-edge separatlon, as would be expected,
" postponed the sudden increase in dreg as shown in figure 6(c) and
reduced the loss in lift-curve slope so that Crp,,y occurred approxi-

mately 6o to 80 earlier at and above 5 X lO6 than it did at the lowest
Reynolds number. The meximum 1lift of 0.96, however, was essentially
unchanged in the range of Reynolds numbers from 1.85 X 106 to 7.8 % 106
and was not well defined by sudden losses. The value of CIpgy was of

the ssme order of magnltude as that of other thin sweptforward wings.

The effects of leéding-edge roughness were determined throughout
the Reynolds number range end were similar to those shown in figure 6

for & Reynolds number of T X 106.

The high minimum drag velues (fig. 5(c)) are believed to have
resulted from four psirs of brackets which supported the flgp panels in
the neutral position and which protruded about 5 percent of the airfoll
thickness from the lower surfece. The brackets were obligue to the
air stream snd are visible in figure 4 near the trailing edge on either
pide of each support. Sealing and fairing the gaps on the upper and
lower surfaces around the tralling-edge-flap panels (fig. 1, sectlon A-A)
caused no discernible changes in the serodynamic characteristics.
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In the low-1ift range, the wing aerodypnamic center was located
at 29.3 percent of the mean aerodynamic chord which compared with
28.5 percent indicated by reference 9 (based on the Weissinger theory)
for this plan form with no camber. .

The lift-curve slopes obtained by means of reference 9 and the
experimental results of reference 10 (reduced in accordance with simple
sweep theory) agreed within 2 percent of the experimental value
of 0.06k,

Wing with fuselsge.- A midwing fuselage Increased Cipgx &apprecl-
ably elthough it promoted premeture locel leading-edge separation.
Maximum 1ift was increased 0.25 over the basic wing and occurred st 8°
higher angle of attack. Leading-edge separstion occurred approxi-
mately 2° earlier than it did on the basic wing as shown in the fuselage
on-off stall disgrams of figure 12. Comnsequently, the unstable
pitching-moment break and rapid drag lncrease also occurred earlier as
seen in figure T. Instabllity after pitching-moment reversal was
greatly reduced by the fuselage.

The unfavorable effect of the fuselage in promoting premsture local
leading-edge separation can be quelitatively explained to some extent
from several investigetions of unswept wings. References 11l and 12
Indicate theoretically snd experimentally thet the fuselage-induced
upwash appreciably increases the span-load distributions on the wing-
fuselage combination over those of the wing without fuselage,
particularly st high angles of attack. The effect extends 1.5 body
diameters outward from the fuselage (reference 12).

This induced loading in addition to the fuselage boundary layer
would favor early sepasration. Although not included in this Investiga-
tion, 1t 1s posslble that the favorable effects of a high-wing fuselage
might reduce or eliminate the adverse effects of a midwing combination
with respect to separation.

The aerodynamic center was located at @ percent of the mean aero-
dynemic chord which represented a forward shift of 20.3 percent from
that of the basic wing. Thilg lerge shift is in reasonable agreement
with the effects indicated in reference 13 and arose from both the large
body length ahead of the wing and the greatly reduced loading across
the portion of the wing covered by the fuselage.

Effects of Leading-Edge Stall-Control Devices

Wing.- The stall dilagrams of the wing with 41 -percent-span nose
flaps extended are presented in figure 13(a). As shown therein, the
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extensible-nose flaps deleyed leading-edge separation over the flapped
portions of the span. Initial leeding-edge separation began at the
outboard ends of the flaps at a lift coefficlent of about 0.8 (a «12°),
while rough flow was noted behind and inboard of the separated arens.
The pitching moment slimulteneously incurred an unstable trend, as seen
in figure 8(b). A definite stabilizing trend in pitching moment
occurred at Cp, = 1.17 (a ~21° ), although rough flow was noted over
the root sections., There is no obvious explanation evident from the
tuft dlaegrams for such a stabilizing trend. Stalling occurred over
the root sections at nearly 22° although the pitching moment did not
incur an unstable trend until a2 somewhat higher angle of attack

wa.s reached.

The addition of fences at the 32-percent-semispan station limited
the inboard stall progression (see fig. 1l4(a)) asnd slightly alleviated
the unstable trend which began at & Cp, of 0.8. Stalling occurred
over the root sections, however, and progressed outboard to the fences,
thereby rendering them ineffective past a 1ift coefficient of approxi-
mately 1.15.

Tuft studies indiceted that an increase in the spans of the
extensible-nose flaps resulted in stalllng over the root sectlomns at
lower angles of attack with a greater degree of instability noted
thereafter. (See fig. 8(b).)

Characteristics with slats extended were nearly ldentical to those
with nose-flaps extended. A slight difference was noted between the
41 -percent-semispan devices in that s more pronounced unstable trend
in piltching moment occurred with slats extended at a 1ift coefficient
of 0.8. (See fig. 8(b).)

The leading-edge stall-contreol devices effected an appreciable
extension of the 1lift curves. (See fig. 8(a).) The longest span
devices reached lift-coefficient values of 1.4 with no indication that
meximum 1ift was being approached at the highest angles of attack
reached during the tests. The shortest span devices reached meximum °
lift velues of 1.20. As would be expected from the nature of the flow
characteristics, the drags in the high-1ift range decreased with
increasing spans of leading-edge devices. (See fig. 8(c).)

Wing-fuselage combination.- Extension of 4l-percent-span nose flaps
on the wing-fuselage combingtion prevented leadling-edge separation in a
manner similar to thet on the wing alone. Local leading-edge separation
behind the nose flaps at the wing-fuselege Juncture occurred at a 1ift
coefficient of 0.63 (fig. 13(b)) although it was of little consequence
because of 1lts localized character, and would be expected In view of the
previously explained body iInterference.
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As shown in figure 15, the drooped-nose flaps were the least

effective in reducing the large veristions Iin EE%' experienced by the
wing-fuselage combination, meinly because the development of separstion
behind the flaps as indicated by tuft studlies was not greetly deleyed.

The combination with slats extended was unstable at Crg,.

(fig. 10(a)) and instability was elso indicated with nose flaps extended
(see fig. 15), although this was not definitely establighed since
maximum 1ift was not reached.

Upper-surface fences at 32 percent of the wlng semispan on the wing-
fuselage conmbination with leading-edge devices extended produced effects
similar to those with fuselage off in that they delsyed the inboard stall
progression and thereby alleviated slightly the unstable trend in pitching
moments (figs. 9(a), 10(a), and 1i(a)) and reduced the variations

ac
of —B for all cases except with drooped-nose flaps (fig. 15).
dCr,

A maximum 1ift coefficient of 1.36 was reached with O.hlg glats
extended at o = 25°. Nearly identical values of 1ift coefficient
were obtained gt the same angle of attack with the O.hlg nose flsps
extended and with 57.5-percent-span drooped-nose fleps deflected 30°,
although meximum 1ift was not attained with the latter two devices.

The 1ift-drag ratios in the high-1ift range were considerably
improved by extension of O.hlg'nose flaps (fig. 25).

Effects of Tralling-Edge Flaps

A1l the configurations with trailing-edge flaps deflected exhibited

ac
unstable variations of ‘agg in the vicinity of maximum 1ift, although

L
the unstable variations occurred somewhat below maximum 1ift with either
single slotted or double slotted fleps deflected on the wlng-fuselage

combination with O.hl% nose flaps extended (fig. 21(a)).

Figure 22 presents the Increments in pitching moments due to flap
deflection at a = -0.7° (Cy, = 0 with flaps neutral). As seen therein,
the ratios of the incremental pltching-moment coefficients to the

incremental 11Ift coefficilents EEEI for given flap spans were nearly
L
congtant for the three types of flaps investigated and were a minimum

for flaps extending from 0.37% to o.97%.
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Addition of the fuselsge (plus extension of nose flaps) reduced the
negative pltching-moment increments due to trailing-edge flap deflection,
which reductions in the cases of split flaps appeared to be greatest for
inboard located flaps. Figure 23 presents the piltching-moment variations
with angle of attack for various split flaps to i1llustrate the afore-
mentioned effects. The nonlinearity of the fuselage-on curves at low
angles 1s believed to arise from the effects of the nose flaps, although
it can be seen that the piitching-moment increments are not greatly
altered by the nonlinearities.

The influence of the fuselsge on the incremental pitching moments
of inboard located flaps is belleved to result from the flap-induced
angle of attack on the fuselage and the change caused by the fuselage
in the carry-over load between the inboard ends of the flaps. On the
other hand, the influence of the fuselage on the ocutboard flaps was
small.

Thin airfoil theory indicates that ACy may be reduced by
increasing the flep-wing-chord ratio, although for swept wings it is a
much legs effective means than varying the spanwlse locations of the
flaps. The effects of increasing the split-flap chords for the
Lk3-percent-span fleps located from 37 toc 80 percent of the semispan
are shown in figure 17(e). It can be seen that the 55-percent-chord
flaps were nearly self trimming, although little or no gain in maximm
1ift coefficient over that of basic wing was experlenced. .

The 1ift increments both in the linear range end at Cry,, were

nearly proportional to flep span as shown in figure 24, with those due
to double slotted flaps sbout double those of split flaps. It 1s to be
noted that figure 24 takes no account of spanwlise-flap locatlion so that
only trends are indicated. The modified increments of a similarly
flapped unswept wing (reference 10) are also shown in figure 2L.

The increments of reference 10 were modified as follows:

. A
_ 5 <A + E)A

(acL), = (ACL)A=O cos“Ar—r

A+ 2 ‘A=0

Some agreement is shown. Addition of the fuselage and extenslion of
leading-edge devices dld not slter the 1lift increments in most cases.

It 1s indicated in figure 25 that high trimmed 11ft coefficienis
can be obtained with relatively high velues of the lift-drag ratios.
The differences in gliding speeds at minimum sinking speeds for the
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various flaps were not over 10 percent, ag shown by the glide sinking-
speed envelope superimposed on filgure 25; but deflection of either
full-span single or double slotted flaps effected reductions in

minimum sinking speeds in the order of 30 percent over those with
either full-spen split or partisl-span double slotted flaps. Obviously,
the lift-drag ratios omit the drag of the tail, landing gear, and
parasite items which, if included, would réduce the values presented
therein but would not alter the comparative trends.

An interesting illustration of the effects of sweep on the
effective profile drag coefficient CDPe’ for various flep arrangements

is given in figure 26.- The unswept values were obtained from the data
of reference 10 with the best possible estimates of induced dreg used
in bhoth cases. The induced drags for the sweptforward wing were calcu-
lated by means of reference 9 and were Increased 10 percent as an
egtimate of the effects of the flap cut—out at the plane of symmetry.
Substantisl reductions ranging from 36 percent for the split flaps to
gpproximately 50 percent for the single slotted flaps were shown and
were at least as great as indicated by the cosine of the sweep angle,
squared.

Effects of Horilzontel Tail

Lineer 1ift range.- In the range of tail positions investigated,
~0.11 to 0.36 gemigpans from the wing-chord plane extended, the greatest
stability in the linegr 11ft range was generslly obtalned with the tail
located at the higher positions as shown by the neutral points of
figure 28. It can also be seen that deflection of trailing-edge flaps
considerably reduced the stability of most configurstions. The values

of %i are tebulated as follows:

Flaps and spans (percent

b4
semispan) Tail positions 575

Nose Trailing edge 0.361|0.252(0.11Lk |-0.107

Neutral Neutral 0.38 [0.42 |0.50 0.56
b1 Neutral .29 | .32 | .57 .70
L 50 double slotteda| .58 | .69 | .80 .78
b1 87 double slotted | .50 | .47 | .L45 .79

b 87 single slotted | X8 | .55 | .68 .85
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These values were constant throughout most of the linear lift-coefficilent
range except at the lowest tall positions. The values were obtalned from
the effective downwash calculated from pitching moments, tail on asnd off.

The values of tail-effectiveness parameter Cmit (ocbtained from

two tail incidences) were constant in the linear lift-coefficient range
for all teil positions except the lowest, at which slight increases with
angle of attack were generally noted (figs. 27(a) and 27(b)). In the
cases with trailing-edge flaps neutral, it is possible that lnterference
from supports and support fairings would produce such effects. The tall
effectiveness based on the isolated tail lift-curve slope of 0.0495 per
degree (which was constant to Cr,,, of the tail and reported in

reference h) agreed with the experimental value of -0.0421 per degree
obtailned for the highest tall position with all flaps neutral. The
values of tall effectiveness for all positions above the chord plane
were from 10 to 15 percent lower with nose flaps extended than with nose
flaps neutral (fig. 27(b)}) and are believed to have resulted from
consistent errors in measuring tail incidence.

Nonlineasr 1ift range.- Large changes in stabllity were experilenced
at nearly =211 tail positions as evidenced by the pltching-moment
variations given in figure 27. No changes were Indicated at

the -O.llg position with nose flaps deflected and rather small changes

at the 0.11% position with full-span single slotted flaps deflected.

The stabilility changes with flaps neutral were stabilizing and occurred
in the lower part of this range (moderate-lift range) at all positions

below the 0.253 position, at which a destebilizing change occurred at a

higher angle of attack in what mey be considered the high-1ift range.
Deflection of nose flaps caused a stabllizing chenge to cccur at

the O.ll-g— positlion in the moderste-11ft range, while destabllizing
changes were noted for higher positions in the high-11ift range.

With trailing-edge flaps deflected, all of the changes 1ln stability
were stabilizing in the moderaste-1ift range, although most of the trends
subsequently reversed to unstable in the high-1ift range.

In the cases with flaps neutral, abrupt losses In tall effectiveness
were experienced at all positlons above the chord plane simulteneously
with the stability changes (fig. 27(a)). The losses resulted from the
entry of the tail into the wakes emanating from the stalled root
sections of the wing which were directly ahead of the tail. Conse-
guently, it is belleved that buffeting would occur and thus render
operation in this region quite unlikely. While little change in taill



NACA RM L9H18a 15

effectiveness occurred at the lowest positién (-O.ll%), the change in

stability i1s attributed to the tall-off characteristics. The rather
abrupt increases In teil effectiveness at the higher angles of attack
indicate that the lower edges of the wekes moved up quite repidly.
This movement 1s borne out in reference 1ll, which shows that the lower
edge of the wake at the plane of symmetry moved from below the chord
plane at low angles of attack to between 0.15 and 0.25 semispan above
at high angles.

Since extension of nose flaps prevented leading-edge separation,
the weke dimensions were obviously reduced as indiceted by the smaller
logses in tall effectiveness at the higher positions and the nearly
complete elimination of the losses at the lower positions (rig. 27(b)).

Changes in %& were alsc reduced st the lowest positlon and hence the

stability changes were alsc minimized. The O.llg-position exhibited &

strong stabilizing tendency (o & 129, fig. 27(b)) and was belileved to

result from the loss in -%& arising from the onset of wing root stall.

The configurations with the tall located sbove O.Ii% from the chord

plane became unstable in the vicinity of 14° angle of attack. It is
not certain whether or not sufficient stall warning would develop
to preclude the possibllity of operating in the unstable range.
Abrupt and severe losses 1in tall effectiveness and rather large

losses in %2 were experienced at all tail positions concurrent with

the stabllity changes with trailling-edge flaps deflected. The losses
in tail effectiveness eventually predominated, cesusing the subsequent
unstable trends. It 1s believed, however, that the likelihood of
buffeting would meke operation into or past the stable regions unlikely.

From the foregoing considerations it appears that reasonable values
of 1ift coefficient can be obtained with s tall -stabilized configuration.
The orders of magnitude of trimmed 1lift coefficlents believed to be

attainable on the wing fuselage with O.hlg nose flaps extended were

teken from figure 25 and are tabuleted as follows, together with the
L/D wvalues: '

Flaps CL L/D
Full-span split 1.k 5.1
Full-span single slotted 1.5 6.6
Partial-span double slotted 1.5 L.8
Full-span double slotted 1.7 6.2
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The 1ift coefficlents correspond approximately to the regions where
large stabllity changes occurred as indicated by the abrupt variations
in the calculated values of the horizontal tall incidemnce required
for trim (fig. 29), except, the value given for split flaps which was
based on an estimate inesmuch as no tall tests were conducted with
split flaps deflected. The maximum trimmed 1ift coefficient obtained
with a stable taill arrangement and with nose and full-span double
gslotted flape deflected was 1.85. The lift-drag ratio for this
configuration was 7.3 at 0.85Cr,,, (approx. 110 percent of the

stalling speed), while the meximum lift-drag ratio with fleps
neutral was 1h.6.

CONCLUDING REMARKS

A wind-tunnel investigation at Reynolds numbers ranging

from 1.85 x 100 to 7.8 x 106 of & 35° sweptforward wing of aspect
ratio 5.79 including high-1ift and stall-control devices, midwing
fuselage, and horizontel tall indicated the following results:

1. The wing became longitudinelly unstable at 1lift coefficients
well below maximum 1ift as a result of extensive leading-edge separation
which occurred over the root sections. The meximum 1ift coefficient
of 0.96 was essentially unchanged throughout the Reynolds number range.

2. A midwing fuselage increased the baslc-wing maximum 1ift
coefficient to 1.21, caused premature local leading-edge separation,
and reduced the magnitudes of the basic-wing stability changes. The
combined effects of adding the fuselage and extensible nose flaps in
the linear 1ift range were to decrease the negative pitching-moment
increments due to trailing-edge-flap deflection.

3. Extension of either the extensible nose flaps or slats over
the inboard 41 percent of the span prevented leading-edge separation
over the portions of the span covered by the leading-edge devices
and minimized the unstable pitching-moment trends of the basic wing
in the high-1ift range. Unstable piltching-moment varlations were
indicated near maximum 1ift, however, on the wing-fuselsge combination.
The shortest span devices were found to be the most satisfactory from
the stability stendpoint in the range investigated from 41 to 75 percent
of the semispan. Drooped-nose flaps were the least effective of the
three leading-edge devices.
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Lk, Deflection of trailling-edge flaps on the wing-fuselage combi-
nation caused undesirable changes in stability which were dependent
on both the types and locations of fleps. High 1ift coefficients
gppear to be attainable with relatively high walues of the lift-drag
ratios.

5. Stability was obtained throughout the 1i1ft range with the tail
located 0.11 semispan below the wing chord plene extended for all model
configurations investlgated and with the tail located 0.11 semispan
above the wing chord plane with trailing-edge flaps neutral. Stabllity
was obtalned to moderately high 1ift coefflclents for all other
positions up to 0.36 semispsn sbove the wing-chord plane extended with
instability indicated at high lift coefficients. It is beliewved,
however, in the mejority of these cases, that the probablility of tail
buffeting would provide adequate stall werning end thus render opera-
tlon into the unstable range unlikely.

6. The orders of magnitude of trimmed 1lift coefficlents believed
to be sttainable on the wing-fuselage combination with 4l -percent-span
nose flaps were as follows: 1.5 with either full-span single slotted
or partisl-span double slotted fleps and 1.7 with full-span double
slotted flaps. Lift-drag ratios ranging from 4.8 to 6.6 existed at
these 1ift coefficlents. The maximum trimmed 1ift coefficient obtained
with a stable tall arrangement and with nose and tralling-edge flaps
deflected was 1.85. The lift-drag ratio for this configuration
was T.3 at 0'850Lmax (approx. 110 percent of the stalling speed),

while the maximm lift-drag ratio with flaps neutral was 14.6.

Langley Aeronauticel Laboratory
National Advisocry Committee for Aeronsutlcs
Langley Air Force Base, Va.
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TABLE I
SUMMARY OF 35° SWEPTFORWARD WING CHARACTERISTICS WITH VARIOUS
LEADING-EDGE DEVICES EXTENDED. R = 6.5 x 106.

t [8Ca at{ L/D
Davice b, /b CLmax °'= ‘x ¢ = 00 ;;;25 On - Cf Fig.
a1 oL

— 0.96 |18.7 8.15 On® ) 0 15
Baslc wing “.l _\/

okB1:| 1.20 |24.8 -.018 5.83 * = e B

L bJ

B e r

0.58 | 1.28"|28.9 -.028 |7.21 7—!
Extensible n
noase flaps -

Q.75 1.430"% | 29.0 -.0h5 {8.82 _//74, 8

0.1 1.20 | 25.¢ -.018 | 5.8% = =

_ L .y

. o -

0.58 1.26% | 26.1 -.02 |7.09 _—;—//ﬁ
Retractable = s -

slatas
] L

0.75 1.338 | 25.9 ~-.031 8.55—L ey

‘Mng-Fuselags Combination

T :
1 1.21 |26.0 .86 //_/

Flava Neutnif L D
-.2 9
Po—
Nose flaps o1 | 1.35* [26.0 |[-.011 [3.66 ; b ——
' o R
JD ——————— . -
S1ats 0.41 1.26 125.0 -.017 |[3%.86 b_J 10
0.58
8,=30° | 1.37% |26.0 |[-.020 |3.9%
—
A== oo B =
0,=30° | 1.28% [26.1  [-.016 [3.70 X 11
Dro;{ed nose
aps
a:;ﬁ;° 1.20° [26.0 |[-.005 |3.38 " //
= i

® Crmax MOG obtained at highest a

b fences at 0.32b/2



NACA RM L9H18s 21
PABLE II
SUMMARY OF 35° SWEPTPORWAED WING-FUSELAGE CHARACTERISTICS WITH }1-PERCENT-SEMISPAN
LEADTNG-EDGE DEVICES AND VARIOUS TRATLING-EDGE FLAPS. R = 6.5 x 105.
L/p
L. E. 2. £. Ppan [Location ala at(8Ca at oy, -
Device Plapa pr/b Mlzr:;;nt Crmax CLmax @ = O° .d::ais Cu - G, Fig.
-
0.20¢! _ b _ , yi
spiit 150 |1° 60 1.54 ¢ 235.2} -.210 | 4.75 |Gy £ s b
-2 oL
87 |10 - 97| 1.61 |18.2| -.068|5.27 , ,/
_— — 9
b
Nose flapd L3 37 - 80| 1.39 20.0 | -.020 | 5.37 ———t— , {
60 |37 -97|1.h6 |21.6] .022{s5.41 _//
-
50 [10 - 60| 1.50° [23.2 | -.142 | 5.29 ; . /
87 |10 - 97 [1.60 |18.7 |-.004 |5.52 [ ' : A 4
<=} 0.20e1 10
aplit r
Slats 43 |37 - 80142 [21.0 |-.026 |5.27 // +
60 |37 - 97 |1.46 |18.8 | .016 |5.16 //
\12:335, s |10 - 97 {1.67 |19 |-.158 |8.25 ; _;/) .
Noss flapsislotted L
21
O.31ct - b - . |
doubfe 50 [10 - 60 |1.7T |21.3 3535 |5.68 -—‘/
—— slotted |
Nose flaps 87 |10 - 97 [1.86 [17.0 |-.242 {7.73 | /

b Crmgx not attalned at highest a

& untrimmed



TABLE III

STMMARY OF CHARACTERISTICS OF 35° SWEPTFORWARD WING WITH

VARIOUS TRAILING-EDGE FLAPS DEFLECTED

T.E. flap loca-

tion (b/2)
laps 0.10 to 0.60 0.10 to 0.97 0.37 to 0.80 0.37 to 0,97 Flg.
a |a at|ACy & |a at|&Cqp a {a at| AC, CL;JG at| 4C,
Treiling edge | Nose |Cr \Cp.. gag ghm&m ae.g o CLpgor] e . ito Ly ex at
0.200" split 1.20{ 18 |-.204)1.3| 18 }.155 [1.10| 17 |-.0%35[1.12] 18 |-.002] 16
0.5%¢" split m= | e | mmm ] e | == | eme 11,011 15 (=003f == | w- | eew § 1T
0,770’ split Ii-leutra.l == | == | == j mm | mm | mee ]98] 16 | J008[ o= | wm [ --e | 17
8ingle-slotted 1.2h} 18 }-.287{1.38| 9 F.193 [1.1h{ 10 |-.0531.20{8.9 | .005} 18
Doubl e~slotted 1.36| 18 |-.366]1.57| T +.263 |1.20/ 10 |-,067(2.32| 8 | .00L] 19
0,206’ split 1.39|15.0| -.082011.59| 14;.2}-.062 [[1.41[(16.0{-.022[1.37|17.0{ .037] 20
Stngle-slotted [0.75b/2| == | == | === § ==} == | === 11.}9|15.2[-.031f == | == | === | 20
Double~slotted = | == | =} o= | == | === [1.63|15.2]=s022] == | - | == | 20
* mtrimed m;

BETHST WU VOVN
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TABLE IV
SUMMARY OF CHARACTERISTICS WITE HORTZONTAL TATL LOCATED
AT GEVERAL VERTIOAL POSITIONS. R = 5.0 X 106

Tail Poa. ghx -0.107 0.11k 0.252 0.361 lx-r.
Flaps —— g ams
L ey " fe— .
Hose T.E»
Keutml| Neutral - -\L K .
%T PR T — L s W
L L 27
. 1 1 L | L N
0upib/2| Neutral ; — P
\ T T \/
L = - ZTb
1 1 1 : L [
Partlal
0. + 3 + + 3
Hb/2 doubie- \/ W \/
slotted L - L
27c
1 CE ] 1 (1 i | -
Cuhn/2| Pull- \_/,_ \t\/‘ } t
3, i : ENaE
o.1b/2| Full- Ny "
dguble = i N - ‘\_/
slotted L L =
L -_\ 27e
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> 6./60
/’,}—_
— i 1

b —ri—0235¢'

N Section A-4

43./° NACA 65-210 oirfoil section
Streamwise section thickness 0.0780c¢ .

| 0.25MAC- - 0.103b/2 )
140.18 A B}
i 1 .
0.603b/2
h 4
| 175
[ S

13.60

Figure 1.- Basic wing details. Aspect ratio, 5.79; taper ratio, 0.389;
area, 23.58 square feet; washout, 1.8°; no dihedral at reference
line. Linesr dimensions in Inches umless noted.
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075042
L—0.575b/2—| ‘
*0.4/0b/2-]

Extansible nose flaps.

0.750 /2

——0.575b/24

"—0.5750/2*|
~0.4/0 b/Z-—l -

Drooped-nose flaps

-~ Hinge line (lowsr surfoce)

25

Ref. line Gap faired and sealed

050 Diam.
Flap chord 955 Rad.
0./38c*(root} ,
O.A/c'0 75h2) . Section A—A
—0Q. /400’——-1
.02QC'
|—0.06‘8c'
\
44° ’ |
\/ g | ~0.020¢
0070c'
Sectfion -8B
] L /60 ¢c'——
,/"7' h

—Ref. line

8ﬂ -
\&><peflected wing chord line'
Section C-C
ms/f
0. /Oc-l
= y— )
Section p-p  19¢

Upper surface fences.
dimensions in fraction of streamwiss chord)

W

Figure 2.- Detalls of leading-edge stall-control devices and upper-

surface fences.

I.tnear dimensions In Ilnches unless noted.
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Wing chord line—,

Split flap. v

Wing chord line —\

0.765 )
Flap chord fine
Deffectad wing-chord line-

Single—slotted Fflop.

E.J?OW?J«Q 425k/2~
07952

Ref. line
I

Flap chord fine
Deflected wing-chord line

‘  Double-stotted flap. ‘-3/
0. 37 ZVZ-L—O.&OOIZ/Z—-
;4-0.97%/2
Spans and spanwise locations of troiling-edge Typical sections A-A through flaps. Dimensions
flaps. (Single-stotted flaps shown) i fraction of chord normal ro reference line.

Flgure 3.- Tralling-edge flap detalls.
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Figire k.- The 35° sweptforvard wing with fuselage as tested in the Langley 19-foot pressure tumnel.
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NACA o0l2-64
alrfoil seclions —.

068

Supporf poipts \-\_
\ 0.25 taif MAC--.

0.25M.AC. ~

0.2250¢
R6E line

9167 (0455 of fusslage length) ——— 100933 Meh 95. (3574 4.6.)—

} -0.58 low pos. R
| ! —~=i== AR e e—
; ! e
. '
T
TE:::::E: - - = —————
il-— 38.00 l 117.00 (1680 consfant diamefer} ——I———48.00 —t

r 20300 (1458}

~— Wing ref. plone

Figure 5.- Fuselage and horizontal tail details. Wing reference plane
passes through root chord and 0.2250c line. Fuselage fineness
retio, 12:1; no incidence. Tail aspect ratio, 4.01; tasper ratio,

0.625; M.A.C., 13.85; 8¢ = 5.16 square feet (0.2198). Linear
dimensions in inches unless noted.
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Figure 12.- Stalling characteristics of wing and wing with fuselage.
R = 6.5 x 106,
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Flgure 1k.- Stalling characteristics of wing with O.hlg extensible
nose flaps extended and fences at 0.322; fuselage on and off.
R =6.5x 105.
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and fuselage on pitching-moment increments due to flap deflection.
o = -0.7°.
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Figure 26.- Effects of sweepforward on effective profile drag coefficient
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16 ; Tt
/r‘_‘-‘ _..m > :\r‘ -.‘ - \ _r/
B 41T 1" A — T Ay i
. /./} ] B —"_'__ | -
€,deg _/___—.T_;;:“:j-:;/ ::-- <R =03 wail vertical \\\\\e v
0 | -~ g qn}:ﬂ“ asg posttion, o3y ‘-\\\“ y
S - -02 0.361 N e
—= N
-8 e N
'.0/ \‘-\‘_
L4
|~
B 4 L%
¥4 = = 2 .
ﬁ/ﬁ' % . QMS*’
/.0 .I \1
by
y’ b LT A
8 0 T -
G L ot |2 W
6 :[ V\\ \‘ ‘8"' /(
Tail vertical ( d:t Cm : E\\m: _E/ "
L positions, Eﬁ’ g) ] 3\
4 o o 2 %
0 o.361 -1.4
2 2 :Ejj a3 -3
- v - -2.2 . NACA
0 -4 \k\v\ -
-4 o 4 &g 12 I 20 24 £8 -4 0 q a 12 16 20 24 28

@, deg a,deg

(a) Flaps neutral.

Flgure 27.— Effects of a horirzontal tail =t several vertical positions on the aerodynemic

cheracteriatica of the wing—fuselege combination. R = 5.0 X 106; M2 0.15.

L)

BQTHAT WH VOVN




B A—AT “04 T 1 =1
:‘;____,..-—-—"‘ J;‘ _.-—/‘ = i
e e -03 N =
=] L : — i
B -02 TR
-0/ 0.361
L~ —_—
]k —— i
e e
o
P '
T
P S i
B - i
Tail vertioal 1g o B"" ;_\L?‘w_.érk
position, Ef? (dog) . - Ll 2
o 3/ ] ] 4
g g | = i
.y :111; :1.2 m v\
vV _-.107 -2, oy %
_3 K
: B
-4 =
v
A

.5 . -
8 12 16 20 24 28 -4 0 4 8 12 16 20 24 28
o deg . @, dog

(b) O.hl:g nose flaps.

Flgure 27.- Continued.

BRTHOT WH VOVN

<9



24 =05
S AN
16 o I % ~04 =ai I N1
(o _-—’“;I’J____— S = 4 \—F‘N\\‘ .
L o2 o o B -03 AL N
Z all per deg L\
Ty Teil vertical \ \
0 '02 — “position, w‘z \\\- ~ /
20 ] 0361 ‘_.::
- 0! j__.::_— -.iﬂ'f > =
(8 B4
0
&
14 2 :
12 Vi 0 & o D
Cp / Tail vertioal e || [, o Eﬁ j
; position, & {ang) ol ol
32 | - 18N el
I ; D M Nk 2 4%
0 0.36) =1.6 — G, oy i : /Q‘ i
g o/ 2 i 25 " 2 TG LA
. s v - -2 [ E ~
: e
/ b -
B -3 //sf -
4 -.4 L) \%‘7
-4 o 4 g 12 16 20 24 28 -4 o ¢ & 2 16 20 24 28
@, deg a dsg

{c) 0.41% nose flaps and 0.50.-;- double slotted flaps exrtending

from 0.102- to o.sog.

Flgure 27,- Continusd.

99

BQTHOT WH VOVN




24 =04 "=
_ 1T "\\ N \ .
16 L -03 SR
P L/ prd N
& dog P e = g O e Gm”' por deg rid verwtent | Y [ NN
a - = e 02 poattion, F:PE - N AN
;.‘-”' [~ N
———— ul}sl \\
0 ot | == i NN
o | == 3§ N
7
20 £
18 —— At P .
=T W‘W% N e
~Fgg ool Tebof p, ™
L6 0 &= { - P
: £
L4 %ail ventioal 1 -
a o] position, gy (du:] o ] -~
1.2 | 8 o3h iz -2 e?] N
/i ﬁ '1?, :}.: A
v - -a.g \g
to -3 N
Y
K- -4 | i |
0 4 & (& 16 20 24 28 o 4 8 12 16 20 2 28
a, dég @, d8g

() 0.l+1-12-) nose fleps and 0.872 single slotted flaps deflected.

Figure 27.~ Continued.

BOTHAT WY VOVN

L9




-05
24 —1—
P _'04 /Z_‘-'HEE*:-* -
16 -‘/' [~ /‘_-\_‘;\ % N
E;daﬂ — - f:/ .-/ -.03 ¥ \ \\) _f'/
8 |t Pl T Gmy, por deg HNNBNN
= P YR RNENN
»! ¢ ] \ \ \
o _ 0.361 I
-0l | == & S\
| —--— =007 | N
20 0
18 S 2
b2 -
a El %- N A
£ 14 Tad) vertioal . 14 0 R ‘?% ﬁA’,—a o
* | posttion, I, (deg) - ] ﬂ““\ﬁ:i\# ~/0
. 'm Zad
12 / 8 o 1 -/ d/“ =) \1,.{)3
.1 - 0
R L 1 pamEL=cie
' o <
8 ..3 D_‘&” 1 1 [
4 0 4 & 2 16 20 24 -4 0 4 & 12 16 20 24
@, dag o, oeg

(e) O.hlg nose flaps and 0.8‘7‘2 double slotted flaps deflected.

Flgure 27.- Concluded.

89

BRTHOT WH VOVN




Tall vertical poaition, =

o
\é
BQTHST WH VOV

T T s
i 1
1.0 ~—— = 18
\//]\ \ /><;/’ [7<"'__
T /é [ 17 / 6 “ | g
i ' : "‘) ! { \ /
6 I/ j/ 1.4 / = \ /((—‘
G‘L ,«"' : GL I\ F ‘i\
/ \ / \ f
4 1.8 , < .
! - Y - [N
i [ I
£ I \\ Lo [ \ \ :
I / \ \
o TNHE AN 8 \ , o
20 40 60 20 40 60 20 40 20 40 20 40 60

Neutral point, percent M.AC.

(a) Flaps neutral. (b} 0.41b/2 nose«flapa. (e} 8: n’ﬁ 2;’;:_1:-'_“’ (d} 0.1b/2 nome and {s) 0.42b/2 nose and

0. double= 0.50b/2 double=
séll.ottad tralling- alottgg trailing- 512?3{?1 trailing-
edge flaps. edge flapa. sdge flaps.

Figure 28.- Neutral point variation at meveral vertical locatiome of a horlzontael tafl.

69



T0

NACA RM L9H18a

Tai) vertiosl position, W’z
—————— 0.361
R —

— — —— — ‘1

—_——— -7

Ilaps extended.

_8 P //“
1/
4 A |/
AN
(4] e /// -]
/’/‘ 4
o LT
(a) ¥laps neutrsl.
_8 "/
- 4 - -~
.~ /v—\
0 - + 7T S L >
1T T - |
/_,"_ R A — 3
4
(b) 0.41b/2 nose-flaps extended.
» =
-8 p N
- 4
_§' Tk
. 7 1 17
8 - e
-~ /‘/ s
R 0 et O I B %4
S
= 4
- {o) O.41v/2 nose-flaps and 50-percent-span double-slotted flaps.
P -
. //
— A~
—_ 4 f/’/ ‘\\
0 — — V_';x”
— -3
1~ L~ \ N
———— Y
(d} 0.4y, nose-flaps and 87-percent-apan double-slotted
~8
-4 Z
AL
o S 1 |
41~ — 4 X
[ I
4 — 1]
-4 o 4 g 2 6 20

a,deg

(e} 0.41b/2 nose-flaps and 87-percent-apan single-slotted flapa extsnded.

Figure 29.- Varlation with angle of attack of the horizontal tail
incldence required for trim as calculated by uwsing the tall-
effectiveness values of figure 27.

NACA-Langley - 2-9-50 - 225



