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NATIONAL, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORAIDUM

LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS OF AN
ATRPTANE MODEL HAVING A 42.8° SWEPTBACK CIRCULAR-ARC
WING WITH ASPECT RATIO 4.00, TAPER RATIO 0.50, AND
SWEPTBACK TATI, SURFACES

By Joseph Well, Peul Comiserow, and Kennsth W. Goodson
STMARY

Tests were made, in the Langley 300 MPH 7- by 10-foot tunnel
of an airplene model having a 42.8° sweptback wing with aspect ratio
k.00, taper ratlo 0.50, with a 42.8° ewentback horizontasl teil, and
a Lo, 3° sweptback vertica.l tail to determine its low-speed longi—
tudinal stability and control chaeracteristics. This investigation
includes data on the effect of verticel-wing location, fuselage sizs,
horizontal-taeil location, and stall-~control vanes on the wing.

- For the flaps-nsutral condition (crulsing configuration), the
model tested elther as a low-wing or semihigh-wing alrplanse becams
unatable at modorate 1lift coefficients. In the flaps-deflected
conditlon (landing configuration), the low-wing model hed a positive
static margin which becams m&rgin&l at high 1ift coefflcients; whereas,
the semihigh wing model became uarkedly unstavle at moderate lift
coofficients. Small stell-control vanes located at the leading edge
of +the low-wing verslon removed the longltudinel ingtsbllity present
below the stall for the neutral-flap configuration. It was necessary
to raise the horizontel tail 9 inches on the model vertical tall to
effect & considerabls imorovement in the fla-o -neutral stabllity in
the high 1if+t range. -

Nose ~flap deflection extended the longltudinal stability over a
lerger 1ift range for both flap configurations. Nose-flsp dsflection
elso increased the maximum 11ft cosfficient., '

INTRODUCTION .

Much thought is currsntly being given to the deslgn of supersonic
airvlenes. Many of the proposed designs incorporate radical changes
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characterized by complex flelds of alr flow both in the low— and
high—speed £flight ranges. Low-speed wind—tunnel tests are therefors
necessary to predict adequetaly the low—speed asrodynsmlc charao—
teristics, especlally for the landing configuration.

This paper presents the results of an investigation maede to
insure acceptable low-epeed stablility chaeracteristics for a specifie
supersonic design. Much of the date obtained, however, have general
application. Data pertalning to the longltudinal stability and
control for various modificatlions, stall charasoteristios, and the
effect of the presence of & ground board on the model are presented.
The model incorporates a 42.8° sweptback oircular-arc wing of aspect
ratio 4.0 and taper ratio 0.50. ILateral stability and control data
for this model are presented 1n reference l.

& previously published paper dealt with the stabllliy charac—
teristics of a related supersonic model which had a 45.1° sweptback
wing of aspect ratio 2.5 and taper ratlo 0,49 (reference 2)., The
airfoll section of this wing was of the NACA 65 serles.

COEFFICIENTS AND SYMBOIS

The resulbs of the tests are presented as stenderd NACA coeffi-
oclente of forves and mcments. Pltching-moment coeffloients are
glven sbout the center-ocf-grevity location shown in figures l(a) and
1{b) (26.0 percent of the mean aerodynemic chord). The data are
roferred to the stablliiy axes, which are a system of axes having
thelr origin at the center of grevity and ln which the Z—axis is in
the plane of symmetry and perpendloular to the relative wind, the
X—exis Is in the plane of symmetry and perpendioular to the Z—axils,
end the Y-axls is perpendiouler to the plane of symmetry. The
positive dlrections of the stabllity axes, of angular displacement,
of the alrplane and control surfaces are shown in figure 2.

The oocefflclents and symbols are defined as follows:

Lift
CL 11t ooeffloient ——q.-g-
Qx longltudinal-~-force coefflcient (é%
c pltching-moment ooefficlent ( M )

Lift = -4
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Gt

forces along exes, pounds

moment about axis, pound—-feet
free—-stream dynsmic pressure, pounds per square
foot (93@-)
2
effective dymemlic pressure at tall, pounds per square foob

wing erea (12.70 sq f%)

alrfoll sectlon chord

wing mean serodynemic chord (M.A.C.) (1.85 ft)
wing span (7.12 f£t)

alr velocity, feet psr second

sinking speed, feet per minute

mass denslty of air, slugs per cu.bic foot

angle of attack of fusslage cénter line, degrees
angle of yaw, degrees

angle of dowrnwash, degrees ..

englo of stabllizer wlth rsspect to fuselage center lins,
degrees; posltive when tralling edge 1s down

control—-surfece deflection, measured perpendicular to
reference line, degrees

elevator defleotion measured perpendloular to horlzontel—
tall reference line, degrees

gecmetric dihedral angle, degrees
neutral~point location, percent of wing meen aserodynsmic

chord (center—-of—gravity location for neutral stebility
in trimmed flight)
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(e
A aspect ratio | —
\8
A angle of sweepback measured to leadlng edge, degrees
teper ratio (Rii;'p__g_l’;g_r‘%_d)
oot cho
Mb free—gtream Mach number in tunnel

weight, pounds

¥ glide—path angle, degrees
CLa. total derivative of Uift coefflolent wilth respect to angle
of attack
Subsoripte: |
Ty split flap ‘
Ty plain flap
fn noge flap (wing leading edge)
Abbreviations:
0.8 center of gravity
H,7. horizontal tell
DESIGNATION

It is convenlent to spécify a method of decignating wing and
tall plan forms. For the present paper, a numerical designation is
adopted to indlcate ln order the sweepback, aspect ratio, end taper
ratio of the wing and tall surfaces. For example, in a wing designa—
tion of the form :

42,5 -~ 4,00 - 0,50 °
the number preceding the first dash (42.8) glves the angle of sweep—

back A In degrees measured with respect to the leading edge, the
muber Ffollowing the lirst desh (4.00) glves the aspect ratio A,
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and the numbex following the second dash (0.50) gives the taper
ratlio A. This notatlon was previocusly used in reference 2.

MODETS AND APPARATUS

Three-view drewings of the models are presented as figure 1 and
the physical charactevistlcs of the models are presented in table I.
The models are shown mounted for testing in the Langley 300 MFH
7= by 10-foot tumnel in flgure 3.

The wing was tested in a low and semlhigh position (fig. 1(a)).
Two fuselages were tested. The originsl fuselage had a fineness
ratio of 7.89, whersas the sma.ller revised fuselase had a fineness
ratio of 9.46. {See fig.-1l(a).)

Varlations of the vertical location of the hordzontal tall
tested are shown in figure. k. In order %o facilii;a.te the insta.].‘l.a.tion_

of the horizontal taill in the ralsed positions, a —-6- Inch—thick

steel plate of the same plan fom a8 the vervical telil was used for
this serles of tests. The small fuselage of the model was also
extended 12 inches with a constant-dlameter cylinder inserted at
station 80.16 to obtain the effect of increased tall length of the
horizontal tall. .

Detalls of various stall-control vane oconfigurations tested are
presented in figure 5. Construction lines of the round leading—edge
modification of the circular—arc wing are shown in figure 6. The
fillet of the wing—fuselage Juncture is shown in figure 7.

The effeotive Reynolds mmber for some tests wes imreased. by
using a turbulence net (fig. 3(a)). The turbulence net was &

stendard fish net made of -3--—inch—d;lameter cotton twine with a

square mesh of lg; inches on a. glde, a.nd. wes located 97 Inches upstream

_ of the center line of the balance frame.

Flow was obseived by means-of tufts on the right wing for
various flap conditions to determine the stalling characterdstics of
the model. The behavior of the tufts, besldes being observed visually,
was also recorded with a motion—picture camexrsa.

' For the ground-bosrd tests, the model was mounted in the ‘tunnel
above a ground beoard which occmpletely spermned the tunnel and extended
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ebout 58 inches forward and 66 inches rearward of the center—of-—
gravity location of the model (fig. 8). The ground board was located
14,1 or 24,1 inches below the reference center of gravity at zero
angle of attack for testing at two ground. heights. Figure 9 shows
the model in the landing attltude (15 ) in the tunnel with the ground
board 1h.l inches below the reference center of gravity.

The elevator and rudder were 20-percent—chord plain flaps and
were flat slded from the hinge line to the trailing edge. Tor the
large fuselage, the wing had a 20-percent—chord split flap and a
15-percent—chord nose flap at the leading edge (fig. 10). For the

- emall fuselage, however, the wing had a 20-percent—chord plain flap
for the alilsrons and flaps and a l5-percent—chord nose flap.

TESTS AND RESULTS
Test Conﬂ_ttions
- Tests were made at & dynamic pressure of 40,0 pounds per sguere
foot (M, =0.16)., The corresponding Reynolds mumber (based on the
M.A.C. oF 1. 85 £t} was 2,150,000. The Reynolds mmber was computed
using & turbulence factor of unity. The degree of turbulence of the
tunnel 1s not lmown quantitatively but is belleved tc be small because
of the high contraction ratio (1k:1).
A few tests were made with a turbulence net in place. The tur—
bulence factor for these tests was 2,24, which corresponds to an
" effeative Reynolds number of 4,820,000.
Correctlons
Tare corrections were not applied since they are considered
negliglible. dJet~boundary corrections were computed from reference 3

and an unpublished analysils shows this to be in good agreement for
sweptback wings up to 45° sweep. Corrections applicd were as follows:

= oeM + 1.1;20%
Cx = Cxy o.oeo3cIM2

Cp = cmM + o.o:.ocIM (for tail on) *

where subsoript M denotes measured value.
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_ Jet-boundary corrsctions were not applied to the ‘ground-board
tosts beocause they have been shown to be negligible (reference k).

A1l formes andmaments were corrected Pfor blocking, which wes
computed by a method given in reference 5.

An increment in longltudinal force coefficient of 0.0015 has
been applied to ascount for the horizontal buoyancy.

Presentation of Resultse
A table of the figures presenting the results is glven below:

. . Figure No.
I. Longitudinal stability and control

A, Wing-alone data + o« ¢ o ¢ ¢ ¢« o ¢« ¢ o s 028 o 2 » o & o » A1
B, Effect of wing positionT . &+ « ¢ ¢ s o s ¢ s + o a . 12 %0 15
G Effect of vertical logatlion of horizontal +ail® . . . 16 to 19
D. Effect of extended fuéelages “ s e e & w s o o 8 s e w s 20
E. Effect of stall—control vAnes® . ¢« « o o o ¢ ¢ « « «» 21 tO 25
P, Effect of stall-contrcl vanes with round

10841NZ 03885 . 4 . b e 4 e e s s b o e e s e e 26
G. Effect of round lesding ed@e® . « v « v « « s « « » « 27 50 29
H., Effect of wing filletl . . . v v v v ¢ o s ¢ o v o v o . 30
T. Nose—Tlap deflectionl « « v o + o ¢ o ¢ o o« o « « o « « « 31
J. Various split—flap and nose—flep combinstions® . .. .. 32
K. Elevator offectivonsasl o o o « o « o ¢ o « o o ¢ o o o « 33
L. Effect of Reynolds mmberT o« v o v o« ¢ o s « s o « « « « 3k
M. Sinking speed snd glide-path angle® . « 4 v o v o v « « « 35

TT. Stalling chareoteristicst . . v ¢« ¢ v v ¢ « v o « & .
TIT. Effect of ground boardS . , v v v « o o« « « o« « o » = » 37 to 38

L large fuselage
S small fuselage

DISCUSSION
ILongitudinal Stability and Control

Wing—alone serodynamic charascteristics.— The serodynemic charac—
teristics of the wing alone (flaps neutral) are presented in figure 1.




8 NACA RM No. L7G28

The pitching-moment ocurve had & progressively destabilizing trend at
moderately high 1ift coeffilclients, which was probably caused by
premature tip stallling. The lift—curve slope GL for the wing alone

(at low angles of attack) was 0.061.

_Effect of wi ogltion,~ Stabilizer data are presented for the
low wing position EF = 5.7°) and the semihigh wing position (I = 0°)
in figuree 12 and 13, respectively. The elevator—fixed neutral polnte
were computed from these data end are presented in figure 1h,

For the flaps-—mentral condition tho model date indicate ,
instablility ebove 1lift coefficilents of O.44 and 0.32 for the low and
semihigh wing positions, respectively, at the 0.26 mean asrodynsamic
chord reference center of grevity. At higher 1ift coefficients
marked instabillty is indiocated.

With the flaps deflected ( 5f = 559; 5p, = 30° — 60 percent span),

the semihigh-wing configuration, shows maxrked instabllity ebove & 1ift
coefficient of O. g5 (Seé fig. 13(b).) However, with the low-wing
version (8f =557 Bp = 30° — 100 percent gpan), neutral stebllity is

indicated at about Cp, = 0.60, and at higher 11ft coefiiclents only

marginal instabllity is shown up to the stall where a marked instebility
is indicated. (See figs. 12(b) and 14.) The principal reason for
the higher stabllity with the low-wing version is attributeble to &
substantially lowsr value of d¢/da (fig. 15). Note that for the
low wing position, nose flaps, when used, are 100-percent span, while
for the semihigh wing, nose flaps were used only on the outboard
60-percent span. Data for the low wing position indlocate the 100-
percent—span nose flaps had somewhet higher stebillty than the
60-nercent—apan nose Flaps alt moderate 1ift coefficients. (Ses

fige. 31 end 32.) For stability reasoms, the low wing position was
adopted for all future models.

The Cp, . (trimmed) for the J.ow-wing model was 0.85 with flaps

neutral and 1.20 with flaps deflected. For the samihighswing model,
tho CImax (trimmed) was 0.94 with flaps neutrel and 1.35 with fleps

deflected. (See figs. 12 and 13.) The largest part of AC;, due to

flap deflection, was attributeable to the effect of nose~flap deflection
on & circular-aroc wing. (See Tig. 32.)

Effect of smaller fuselage.— Stabilizer data for the revised
fuselage are presented in flgurs 16. (Horizontal-tail location
nuber 1 is nomsl position.,} The neutral points presented in
figure 18 indlcate e decreasing stebllity with increased Cj about
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the 0.26 mean aerodyramic chord center of gravity with instebllity
indicated above Cg, = 0.5. This is again atiributeble to a large

increase in J¢/da (fig. 19). The use of the smaller fuselage
increased the stabllity approximately 3-percent mean aerodynamic
chord (compare figs. 14t and 18) as compared to & theoretical increase
of 3.8 percent mean aerodynsmic chord (reference 4). -

For the landing oondition. Be = 50°, 8 =15° (LO-percent

span) the model was stable through the 1ift rangs except between

1ift coefficients of 0.60 to 0.80 where slight Instebility exlsts

(fig. 18). In this instance also the values of Jde¢/Co (fig. 19)
remalned. close to 1 at high angles of attack, but the tall-off
aerodynamic center moved rearward at high 1ift coefficlente (fig, 16(b))
which vesulted in a corresponding stable neutral-point shift. No
direct comparison can be made with the orliglinal fuselage condition
because of the changed flap conflguration. :

Effect of vertical location of the horizontal tall.— An effort
was made to improve static longltudinsl stability by locating the
horizontael tail in a reglon of more favorable dowrwash. It was
therefore declded to investlgate several vertical posltions of the
horizontal tail (fig..5). Neutral points were compubted from the
stabllizer date of figures 16 and 17 and are presented in figure 18.
When the horizontal tall was raised to the highest positlon tested, &
conslderable improvement was obtained in the flap-neutral stebllity
in the higher 1ift range; however, the static margin about the
reference center of gravity was stlll marginally negative in this
1ift renge (fig., 18). The improvement shown results meinly from the
decrease in de/da (fig. 19(a)). Although the primary purpose in
relocating the tail was to lmprove the flap-—msutral stabllity, it
also increased the flap—down. (Sfp = Q°; Bfn = 15 — 40 percent epan

stability, resulting in a positive staetlic margin about 26-percent
genter of gravity throughout the lift range (fig. 18).

With the horizontel teil in the low position, the stabllity was
generally less at low Cp compared to the highex tall locations
primarily because of & loss in effective dynemic pressure at the tall.
(See figs. 18 and 19.) However, near stall there is & geln in
stability caused by the large reduction in ae/aa..

Effect of extended fuselage.— Stablllzer data for the extended
fuselage are presented in figure 20 for the flaps-—neutral configuration.
The extended fuselage showed very little improvement in the stability
over that realized with the normal—taill locatlion. (Campare figs. 20
and 16(a).}
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Effect of stell-control vanes,— Puft studies (fig. 37) had
shovn a strong crosgs flow to be present, especially in the region of
the leading edge of the wing, which apparently contributed to the
separation over the outboard wing panel. It was felt that 1f this
flow could be alleviated, a beneficlal rearward movement of the
ving~fuselage aerodynanmic center might be realized. Consegucntly, it
was decided to investigate a series of thin longitudinal venes herein
referred to as stall-control vanes. All of the vane configurations
shown in figure 5 were tested; however, only pertinent results are
presented and discussed., The initlal vane tests wore made with the
flapas neutral using vanes 1, 2, and 3(fig, 5). With the vane

looated at 0. h5-€ from the center sectlion, the pitching-moment curve

_ was stable throughout the 11ft range except for a “pip" at maximm
1ift, end vane locations at 0.30% and. 0.605 gave similar resultse

but wlth slightly less improvement in the pitoching-moment curve.
(See fig. 21,)

It was thought that the stalling tendency shown at clmax’ while

_suﬁely not desirable, wlll nevertheless not be unduly dangerous, for

- there should he little possiblllty of lnasdvertently pulling a

dangerous overload. The flat—top 1ift curve should be & help inasmuch
as 8 Tew degrees above the angle at vwhich the stelling moment is
experienced & stabilizing moment is encountersd. {See fig. 21.) It
should also he iemembered that many slrplanes expexlence latersl or
longitudinal trim changss at stall and unless these changes oocur close
to the ground or are particularly violent they should be tolerable.

Using the best spanwise loocatlion found with the rectangular vanse,
the effeot of vane size was investigated. A large veduction in size
made little difference in the improvement obtalined, providing the
vane was at the leading edge of the wing (fig. 22).

Stablllizer data with vane 13 are presented in figure 23 for the .
flaps neutral and deflected Sfp = 50°; an = 15° — 40 pexrcent span

fram whioh neutral points were obtained (fig. 24), This vane provided
at least neutral stablility up to the stall, followed by the afore—
mentloned pip In the Cyourve.

In the fleps-up condition, practically all of the increase in
ptebility is provided by the rearward shift of the wing-fuselage
'aerodynemic center with the vane on. (See figs. 23(a) end 25.) For
the flaps-down conflguration, the stabllity is affected only slightly
by the vane. (See figs. 23(b), 24 and 25.)
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Stall-control vanes tested with & 1l00-percent—span round leading
edge had little effect on the lonagitudinal--stability characteristics.
(See fig. 26.) The small vane (vane 13) had no effect on the pitching—
moment slope, but the large vane showed some slight Improvement near
the stall. Other tests have indlcated that with the round leading
edge the crltical cross flow present at the leading edge of the
circular-arc wing is elleviated, and. a8 & result the need Tor the
leading-edge vene ceasss,

Effeat of rounded wing leading-edge modificetions.-— Because of
the poor stability characteristlos at moderete end high 1ift coeffi-
cients with the sharp leading—edge wing, a geries -of teslts were made
with the leading edge rounded as shown in Ffigure 6. The 1l00-percent—
‘span round leadlng edge epparently showed a definite lmprovement in
the longltudinal stebility for the Fflaps-neutral condition (fig. 27)
with stability occurring up to about Cp, = 0,7 after which inatablility
wag indicated. (See fig., 25.) However, at low 1lift coefficients the
gain in stebility can be almost completely attributed to the 0.075
rearward movement of the wing mean aerodynamlc chord affected by the
nature of the modifieation. (See fig. 6.) At a moderate 1lift coeffi-
clent (about 0.6) & larger increase in stability ils realized, mainly
because of the delayed tip stall assoclated with the round leading
edge. (Compare tall—off curves, fige. 27 and 16(a).) The raised
horizontal tail (position 2) further increases the stability only
slightly (fig. 28).

No change in stebillity wae noted when only the oubtboard 40 percent
of the wing span was rounded (fig. 29).

Effect of wing fillet.— . The effect of wing fillet (fig. 8) on
the tall-off aerodynamic characteristics was slight. (See fig. 30.)

Effect of nose—flap deflection.— Nose—fla.p deflection resulted in
an improvement in the aserodynamic chasracteristles which resulted fram
a delayed stall (fig. 31). Deflecting the nose flap extended the
stable piltching-moment variation with I1ift coefflcient to a larger
1ift range for both flap configurations:




12 NACA RM No. L7G28

Iift characteristios obtained from figure 31 are sumarized in
the following table:

. " - -
st = q° afs = 550 ‘afB = 0 st = 55

= 0% = o° = 200 = 20°
B, =07 8g, =0 B, = 30 Bp = 30

(100 pexcent b)| (100 percent b)

oy . . | . 2
Cr (t_im) 0.85 | 0 93. 1.10 1.20
A0t (due . :
L - A 0.25 0.27
b0 Bgy)
Pals; {due -
Imex —— : 0.08 - : 0.10
to 6fB)

Deflecting the nose flap also Increased the sngle of attack for
maximum 1lift coefficient, especlally for the split-flap neutral
condition, primaerily by alleviating the negative pressure peaks that
cause leading-edge separation near maxlimum 1ift.

It is also interesting to note the decrease In the drag coeffl-
clent with nose-flap deflection at a glven 1lift coefficient. (See
fig. 31.) With airfoils having sharp leading edges, the drag coeffi-
clent increases falrly rapidly as the angle of attack departs from
zero., Nose-flap deflectlon has the favorable effect of a large
leading-edge radius, which tends to improve the air—flow conditions
around the leading edge at high 11ft coefficients and thus improves
the aerodynamlc characteristice.

Verious split—flap and nose-flap oomblnations.— The effects of
various split—flep and nose~flap comblnations are presented in figure 32.
For split flaps neutral and 60-percent outboard span nose fleps

deflected 30°, the pitching-moment curve is unstable over & greater
Cy,. range than for full-epan nose—flap deflection., (Compere figs. 31(a)
and 32(a),) It should be noted that trimmed CLmax iz about the

same Tor the reduced-span nose flaps as with full-span nose f{laps
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| (fig. 31(e)}). Similarly, for the afs = 55° condition (fig. 32(b)),

the stability 1s unfavorable over a greater Cy~range with the

60-percent—spen nose flaps than with the 100-percent--span noze flap
deflected (compere figs. 31(b) and 32(b)), but the trimmed Cf is

actuelly higher with the sma]ier—spa.n—nose flsps.

Elevator effectiveness.— Blevator-effectliveness tests, which
were mede with the large fuselsge and the wing in the semihigh
position (I' = 0°), are presented in figure 33. The average elevator
effectiveness BCm/é Be through the low 1ift range for the flaps—

neutral configuration was —0.0048.

Effect of Reyrnolds number.— The results of pitch tests of
Tigure 34 (¥ = 5°) with the turbulende net Installed showed that for
the complete modsl a slight decrease in mexdmum lift coefficient and
slope of the 1lift curve was experienced .wilth an increase in effective
Reynolds number. The longitudinal stability was practically
unaffected by the effective Reynolds numbexr &lfference (except near
gtall with Plaps deflected). Circular-arc sections in two-dimensional
flow have indicated negligible effect on sectlonal charagteristics
betwesn Reynolds numbers of 3 to 9 million (reference 6).

estimated for a full-scale alrplane assuming a 5 = 33.3 at sea level.

The effects of flap deflection on the estimated sinking speeds of a
full-scale aixplane are presented in figure 35. Above approximately
142 miles per hour lower sinking speeds are asssociated with fleps
neutral.

Sinlcing spesd and glid.é—pa'bh angle,.— The s&rnking speed was

The high sinking velocities shown in figure 35 (generally
conceded sinking speed 1imit—1€00 ft/min) indicate that the alrplane
camnot be flown into ground contect but will have to be "flared" to
reduce the landing-gear loads at contact or that power will be required
to land. TFor a more heavlly loaded alrplane, the sinking speed and
the velocities shown in figure 35 increase as the sguaere root of the
welght vatio, and landing without power will almost be procluded.

Stall Characteristles

The model for these tests was with the large fuselage and the
wing in the low posltion.

Bp, = 0°; 8¢, = 0°.— Tuft studies of the flaps-neutral condition

(fig. 36(a)) showed that the stall started at the tip of the wing with
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an outboard flow along the leading edge (o = 2.50). With increcasing
angle of attack, the stall area moved inboard.

st = 550 an = 0°.— For the split—flap-deflected—-55° oondition,

the tuft studles showed an outboard flow along the leading edge.
(See fig. 36(b).) As the angle of attack was inoreased the tip area
developed an cutboard flow, finally stalling, and the stall asrea
noved lnboard with higher angles of attack.

= 550; Bfn = 30° (60-percent span),— With the split flap

deflected 55° and the 60-percent-span nose flaps deflected 30°, the
tip stall was delayed to a conslderebly higher angle of attack
(compare figs. 36(b) and gé(n))than without nose~flap deflection. At
an angle of attack of 9.3, stall appeared slightly outboard of the
root section with an outboard flow on the outer wing panel, As the
engle of attack increased, the tip stalls and the inboard stell area
is increased. Finally (o = 13,6°) the stall aree enveloped most of
the wlng except near the wing-fusslage juncture.

Bg, = 55°; Bp = 30° (100-percent span).— With nose-flap

deflection extended to 100-percent span, the inbosrd stall area
present with 60~percent-span nose flaps was elimineted, Otherwise,
the increased nose—-flap span appears to ocoause llittle change in the
stall trend. (Compare figs. 36(c) and 36(d).)

Ground Effeats

Stabilizer data are presented in figures 37 and 38 for the model
(stell-control vane 13) in the presence of a ground board 1lk,1 inches
and 24k.l inches below the center of gravity, respectively. The
ground board extended the stable pitching-moment variation with 1ift
coefficient for both flap configurations to higher 1ift coefficients
than were obtalned wlthout the ground board.

There 1s a pronounced pip evident in the pitching-mcment curves
for both flap-neutral end flap-deflected condlitions near Clmax when

the ground-board height 1s 1h.1l inches below the center of gravity.
The pip is less pronounced (fleps down) with the model farther away
from the ground board. (Compere figs. 37(a) and 38.)
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CONCIUSIONRS

The following conclusions are based on tests of an airplane
model having a 42.8° sweptback wing with aspect ratio 4.00 and taper
ratio 0.50 with a 42.8° sweptback horizontal tail and a 0. 3° avept—~
back vertical tall:

l. In the fla.ps—-neutral condition the model tested either as a
low—wing or semihigh-wing alrplane becams unsteble at moderate 1lift
coefficlents, In the flaps--deflected condition, however, the low—
wing model had & positlve static margin which became marginal &t the
high 1ift coefficlents; whereas, the semlhigirwing model became
markedly unstable at moderate 1ift coefTiglents,.

2. Snall stall-control vanes located st the leadilng edge of the
low—wing verslon removed the longitudinal Insteblility present below
the stall in the flaps-—neutral condition.

3. It was necessary to ralse the horizontal ta.il gbout 9. inches
on the model vertical taill to effect a gonsiderable improvement in the
flap-neutral stablility in the high 1ift rangs.

b, Nose-—flap deflection extended the longltudinal stability over
a larger lift range Tox both flap conditions. Nose~flap deflectlon
also inoreassed the meximm 1ift coefficien‘b end. reduced the dreag

. values.

Yengley Memoriel Asronsutical Iaboratory
National Advisory Committee for Aeronautles
Iangley Field, Va.
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TABIE I.— PHYSICAL CHARACTERISTICS OF A MODEL: WITH A
1"‘2.8 — ’-1-.00 hand 0.50 WING'

Vertical Tall
Wing Horizontal ervhes
Tell Small Targe
(=) (v)
Area, sq ft 12,70 2,06 1.54% 2.08
Span, in. 85.50 3%.00 16.70 20.08
Sweepback, deg 2.8 42,8 k0.3 k0.3
Aspect ratio k.00 3.87 1.26 1.35
Taper ratio 0.50 0.49 0.31 0.35
Dihedrel, deg
Semihigh wing, 0 [»]
large fuselage
Low wing, large
fuselage 5951t 0
Low wing, small
fuselage 3 0
Angle of incldence 3°
Mean eerodynamic
chord, in. 22,15
Root chord, in. 28.50 1175 20,80 22,14
Theoretical tip
GhOI‘d, inn 1}4'(25 5-75 6.2‘0 7!7"{‘
Root airfoll sectlon { NACA NACA NACA NACA
. : 25-(50)(05)— 65-008 27-010 27-010
(50)(05)
Tip airfoil section NACA NACA NACA NACA
25-(50)(05)—~ 65-003 27010 27008
{50)(05) :

Swith large fuselage
byith emall fuselage

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Figure 1.- Three-view drawing of a modél'witki 2 42,8 - 4.00.~ 0,50 wing.
All dimensions in inches.
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Figure 2.- System of axes and control-surface hinge moments and
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indicated by arrows. Positive values of tab hinge moments and
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the control surfaces to which the tabs are attached.



Figure 3(a).- Three-quarter rear view of the model with a
42.8 - 4,00 - 0.50 wing mounted in the Langley 300 MPH

7- by 10-foot tunnel; large fuselage; B¢ = 0%;
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Figure 3(b).- Three—quarter front view of the model with a
42.8 - 4,00 - 0,60 wing mounted in the Langley 300 MPH

7- by 10~foot tunnel; smell fuselage; o, = (0 B, =
P
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Figure 3(c).~ Three-quarter rear view of the model with a
42,8 - 4.00 - 0.50 wing mounted in the Langley 300 MPH
7- by 10~foot tunnel; small fuselage; pr = bO; ﬁfnn 15°

(40-percent span).
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Figure 4.-' Horizontal~tail locations as tested on the model with a
42.8 - 4,00 ~ 0.50 wing.



28

Vare contiguration

-3
1

ap

%)
o+

ﬂ
!

£
Ve
13 -
~ e T -
6 — . =206 o
a7 E——
}
|3 Falgent

o

NACA RM

g

Sme;ef {%_cjﬁm Yane corfiuntivy i‘

+7

30

.60

.60

27

.30

60

A7

#7

45

30

45

12

13

14

15

17

SIS
7] —

e

L6

.0c

g”?,—_—m__
e 223¢

-J'ZO‘I—
£
¥4l zai-

ﬁgt
—n s
Foile-.2re
.20¢ e
T
L ..
=
oEIE
:F:'O: g

"

®

" fpoolja sesge

Note: al pares g ins rivck

No. L7G28

Qaanupse focation
(percent 4)
A5
A5
45

+5

#5

*5

25

Sk@iches auorexmstiely 1o scale

AT ADYRORY
COMRTIEE FOR ACROMAUTGS

Figure 5.~ Details of stall-vane configurations tested on a model

with a 42.8 - 4,00 - 0.50 wing.



&
Q
A
&
E
Q
[Nv)
(0]
chord _line
NATIONAL ADVISORY
COMMITTEE FOR AEROMAUTICS
R=2.525¢
Figure 6.- Construction lines of the round leading~edge modification -
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Figure 7.~ The fillet of the wing-fusélage juncture of the model with a
42.8 - 4.00 - 0.50 wing.
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Figure 8,- Position of the model with a 42.8 - 4,00 - 0.50 wing and
the ground board in the wind tunnel, « ='0°. All dimensions in
inches.

BZOLT "ON ¥ VOVN

g€







Figure 0.~ A model with a 42.8 - 4,00 ~ 0,50 wing in the landing
attitude (15°) in the presence of a ground board as tested in the
Langley 300 MPH 7~ by 10-foot tunnel; B, = 50°; 5, = 15°

i1

(40-percent span).
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Figure 10.- The circular-arc wing showing the 0.20c split flap
deflected 55° and the 0.1bc nose flap deflected 30°.
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Figure 11.- Aerodynamic characteristics in pitch of a 42.8 - 4.00 -

0.50 wing; Be, = 0°; sfn = 0% r=3.5°,



40 NACA RM No. L7G28

8
§
S 4o
AR =
33 Wi )
3 (de5) .
< © 04 N
g 54 'S
& o off §
3
.3 &
3
QY
2 N
S
~
_J S
BN
,,%\
a
&
S
&
XN s
8
k\
S 8
§
7
S 0 i
&) . HATIONAL ADVISORY —]
> i
< B

-4 a 4 Iz 12

A/f’f coelticient C;
()} é;r 5{, =0.°

Figure 12.- Effect of stabilizer deflection on the aerodynamic charac-
teristics in pitch of a model with a 42.8 =4.00 - 0.50 wing; large

fuselage; low wing; r = 5.7°



NACA RM No. L7G28

Atehing-rmoment coelficient

Angle of attack, cc, deg

/
g S
Pl
D\ T
K e
W22
< (d%
7
g 54
& Jolf orfi
24
/16
8
g
_ _
8

0 4 B L L&
Lift coelficrent ¢,
(0) 6, =55°, &, = JO° (100 % soay)

Figure 12.- Concluded.,

-

Longilvainal - force  cosfTicrent Cx

41



42 c . NACA RM No. L7G28

S
ﬂ\\
3,
N .
3
-
) .
8 pa” | S
N 7 iM—D—D/DF LE] .
§-' 7/ - vN
(doy) N
<dr -
& fal off . 4 N
N
-3 §
<
. <
e §
S
24 : EAN
*§5 Comgrar N
.16 0
N
“
N
N .
N A
S o s
< of [

-4 J 4q g Y74

Lift  coefficient, &4
/U"} 5[_5 =0°‘_, Jf/} :0

Figure 13.- Effect of stabilizer deflection on the aerodynamic charac-
teristics in pitch of a model with a 42.8 - 4.00 - 0.50 wing; large

fuselage; semihigh wing; I = 0.



NACA RM No. L7G28

Alchingmoment coefficient: Gy,

Angle of allack, x, dey

N

s

24

/6

Q.!

G_\ o} ‘..
Oy o7

) b

e do :

B 16

A& Ffail off

%w

B i
0 4 8 V74 L6

Lif} _ceefficient &,
(6) & <55 &~ 30¢(é0 7 span )

Figure 13.-

Concluded.

Lorgilvdinal - force  coefficient, Cy

43



44

NACA RM No. L7G28

Low wWing
—— " |Semi- hlgh wing

, Sp= 5585 & 230607 4)
N . " 1
§~ 20 st__CZ-,-cfeﬂ/O/ |
R | ~—+———%\a /r-s,,;ﬁ &, =30°M007h)
QO
X ___-[____5;-_ s — AL Aroiane ¢cg

o~ L& -0° & ]
@\ 20 SRR \& \

- \\\
% A\
S Y
~ /0
N \
w NATIONAL ADVISORY ___
S COMMITTEE FOR AERONAUTICS
= 0

-4 O 4 Yo /(2
Lir?  coerriciens; &
Figure 14.- The effect of wing position on the neutral points for a

model with 42.8 - 4,00 - 0.50 wing; large fuselage.



NACA RM No. L7G28 45

/6
Ny
W 2
R
N
§ 8
AN
S 4
QY
S
~

0

—{—— Sem/-High Wing

——— Low W/ing /

5. 255" &, = 01607 5);

. o / ~
5,:7_'-'_&_5:" 2 0 PE— W
e

L

N

/
1

K AN s 00 0]

L7 )C—a; =59° &, =30°(/100%4)

= ” ®
3
o _ s )

\—&;55, &, = 30° (607 0 ® o

85 ~0% 0 20" 1o

/ Ls 0o, 07 . Y

s . N

SR Rds __3(02’/ , NN

btt sz 5 Y

-7 0 4 g
Anglre: of arfaocka,7éy

" NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 25,- Effective downwash angles and dynamic~pressure ratios
at the horizontal tail with stall-control vane 13 on a model with a
42.8 - 4.00 - 0.50 wing; small fuselage.
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Figure 38.- Effect of stabilizer deflection on the aerodynamic charac-
teristics of a model with a 42.8 - 4.00 -~ 0.50 wing in the presence
of a ground board 24.1 inches below center of gravity; small
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