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li'I'-fE AFQTiL-SPAN LEADIXG-ZEtE =T II'J 

ThY.3 LANGL3.Y FRZ!3-FLIGET ZWEXZL 

By Charles V. Bennett 

An investigation of the low-speed; power-off sk~&ility aa contiol 
characteristics of a  2. l-scale model  of the Consolidated Vultee D-53 
airplane equipped with full-span leading-edge slats has been con- 
ducted in the Langley free-flight tunnei. In this investigation it 
was f oun& that tie-full-span leading-edge slat gave about the same 
maximum lift coefficient as was obtained witi the outboard single slotted 
flap and inboard slat. The stability and control characteristics were 
greatly improved except neas the stall where the characteristics with 
the full-span slat were considered unsatisfactory because of a  loss of 
directional stability and a sli&t nosing-u>*tendency. 

DWRODJCTIOk 

An investig+ion of the low-speed, power-off stabiliti; aa control 
characteristics of a  2. l-scale moa\el of the Consolidated Vultee XB-53 
airplane has been conducted in the Langley free-flight tunnel. The 
xB-53 is a  jet-propelled, sweptforward, tailless bomber design. 

Force- and flight-test data of the flaFs-u? and flaps-dot,n configu- 
rati,-ns >vere presented in reference 1 and indicated 10~ directional 
stability, large adverse yaxzing moments due to ailerons with flaps 
down. and large negative dihedral which resulted from tine extreme 
a2MIral change caused by the outboard flas which was designed for the 
airplane. 
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. . ,. .: In an attewt t? eliminate the outboard flap and its undesirable . . ': charscterlstics, tests were made in the Langley free-flight tunnel 

using a full-span leading-edge slat instead of the. outboard single 
slotted flap and inboard leading-edge slat. The results of these tests 
are presented herein. I 

SYMBOLS 

S 

z 

C 

b 

CS 

9  

P 

a  

B 

CL 

CD 

cm 

Cn 

C2 

CY 

% ! 

CnP 

%  

wing axea, square feet . 
mean aerodynamic chord, feet 

wing chord, feet 

wing span, feet 

slat chord, feet 

dynamic pressure, p0mas per square foot 

air density, slugs per cubic foot 

angle of attack, degrees r 
angle of sideslip, degrees 

lift coefficient (Lift/@ ) 

drag coefficient (Drag/$) 

pitChiQpll0I.IlHlt coefficient (Pitching moment/@) 

yawing-moment coefficient (Yawing moment/qSb) 

roll ing-moment coefficient (Rolling moment/qSb) 

lateral-force coefficient (Lateral force/@) 

rate of change of lateral-force coefficient with angle of 
sideslip, per degree (XY/?I~~) 

rate of change of yat ing-moment coefflclent with angleof 
sideslip, per degree (wn/sD> 

rate of chsnge of rol l&g-moment coeffFcZent with angle of 
sideslip, per degree (Ww) 
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AETARATUS 

Wind Tunnel 

The investigation was made in the Langley free-flight tunnel which 
was designed -zo test free-flying dynamic models. A complete description 
of the tunnel and its operation is given in reference 2. 

Th.e force tests, made to determine the static aerodynemic chsracter- 
istics of the model, were made on the free-flight-tunnel six-component 
balance which is described in.reference 3. This balance rotates in yaw 
with the model such that all forces and moments are measured with reqect 
to the stability axes. A sketch showing the positive directions of the 
forces and moments and the definition of the stability axes is given in 
figure 1. 

Model 

The 
; 
--scale model used in the present investigation was the ssme 

model use in the tests of reference 1. For the present tests it was 
fitted with a full-span leading-edge slat of&O.15 chord and a stall- 
control vsne which were used -In place of the outboard single slotted 
flar, and inboard leaaing-edge slat. A three-view sketch of the model is 
shown as figure 2, a photograph of the model is shown ms figure 3, and 
the location and pertinent dimensions of the full-can slat and stall- 
control vane are shown as figure 4. 

TESTS 

Force Tests 

All force tests were made on the free-flight-tunnel balance at a 
dynamic pressure of 3.0 pounds per square foot w'nich corresponds to 
about 34 miles per hour at standsrd sea-level conditions and to a 
test Re,ynolds number of 309,000 based on the mean aerodynamic chord 
of 0.961 foot. 

Force tests were made to determine the lift, drag, and pitching- 
moment characteristics of the model with the full-span leading-edge slat 
and the stall-control vane on for an angle-of-attack range from -8O 
to 200. Force tests were also made over the same angle-of-attack range 
at +5O yaw to determine the lateral stabili-ty characteristics of the 
model with the full-span sl,at on and with various ssanwise locations 
of the stall-control vane. 



NACA PM No 5 L7Ll7 

Flight Tests 
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. . . .: . . . . . Flight tests with the full-apan leadins-edge slat extended and the 
stall-control vane located at Omr+ were made over a lift-coefficient 

range from CL = 0.75 to 0.94. All flight tests were made with the 
extension on the vertical tail described 2n reference 1. 

RZXJLTS A! DISUJSSIOIV 

Force Tests 

The results of force tests made to determine tize longitudinal and 
lateral stability characteristics of the model equipped with the full- 
span leading-edge slat are presented in figures 5 to 8. 

The lift, drag, and pitching-moment character;stics of the model 
equipped wit?? the full-span leading-edge slat and the stall-control 
vanes at a spanwise 1ocatZon of 0.g are presented in figure 5 along 

with corresponding data from reference 1 for the flap-retracted and flap- 
deflected configurations. Tnese data indicate that about the same 
maxhum lift coefficient was obtained with the full-span leading-edge 
slat as was obtained with the outboard single slotted flaps, but that 
the maximum lift coefficient occurred at a hi@er angle of attack with 
the full-spen slat. The high aqle of attack at which maximum lift 
is obtained mi&t be ob.jectionable for the aiqlane in that a longer 
landing gear &ht be r&&red. 

The data of figure 5 also indicate that the full-span slat 
eliminated the large change in pitching moment obtained with the outboard 
flap. About the same static margin was provided by the full-span slat 
configuration at high lift coefficients, but there was a slight nosing- 
up tendency at the stall witi the full-span slat. 

The results of tests made with the full-span leading-edge slat off, 
but with the stall-control vane located spanwise at 0.g are presented 
in fi,gge 6 along with data of reference 1 for the flap-retracted 
confi,~stion with the inboard.slst on and off. These data indicate 
lhat the vane was not as effective as the inboard leading-edge slat in 
providing longitudinal stability at the stall. 

Presented in figure 7 are the results of tests made to determine 
the most promising spanwise location of the stall-control vane from the 
standpoint of directional stability. These data indicate that of the 
three spanwise locations tested, the 0.3 position resulted in the 
directional stability CnP holding up to the highest angle of attack. 

_ __._ _~ . _ -___- “.“- _ _.. _ -, . . - _. ._ - ” - , -_. 
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Presented in figure 8 sre the variations with angle of attack of 

the directional stability parameter c 
Y3' 

the effective dihedral . 
parameter -Czp, and the effective side area parameter -CYp for <he 
free-flight-tunnel model equipped with either the full-span leading- 
edge slat or with the outboard single slotted flap. These data indicate 
that the use of the full-span leading-edge slat eliminated the large 
negative dihedral caused by deflecting the outboard flap. These data 
also show that at low angles of attack more directional stability was 
obtained with the full-span leading-edge slat than with the outboard 
flap- At h:gh angles of attack, however, there was a sharp reduction 
in directional stability with the full-span slat, whereas with flaps 
down there was an increase in directional stability at higher angles of 
attack. The use of the stall-control vane with the full-span slat 
delayed the drop off in directional stability to a higher angle of attack 
but did not eliminate the drop off. 

Although no aileron effectiveness tests were made with the full-span 
leading-edge slat, it is believed that the aileron yawing moment would 
be approximately the same as was reported in reference 1 for the fla?s 
retracted configuration and therefore much less adverse than with the 
outboard flaps extended. 

Flight Tests 

The flight tests made with the full-span leading-edge slat and 
szall-control vane and with the vertical tail extension on indicated 
that at low and moderate lift coeffic;enta the flight characteristics 
of the model were good when aileron and rudder control were used together 
for lateral control. When the ailerons were used as the sole means of 
lateral control there was some adverse yawing, but the yawing motions 
were very small compared to the increasing yawing motions which resulted 
in crashes in the flap extended, aileron alone fl-lghts- As a result 
of these tests it appeared that at low and moderate lift coefficients 
the full-span leading-edge slat and stall-control vane configuration 
was definitely better than the outboard flap configuration because the 
adverse aileron yawing moments were less, the directional stability was 
greater, and the dihedrsl characteristics were better- 

The flight tests indicated unsatisfacto-ry stability near the stall. 
The model yawed to large angles andhad a slight nosing-up tendency that 
res\ulted in a stall in which the model yawed, pitched, and then rolled 
off out of control. This behavior is probably associated with the 
loss of directional stability at the stall as shown in figure 8 and the 
reduction of longitudinal stability at the stall as shown in figure :. 
The stall of the model with the full-span leading-edge slat was very 
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similar to that obtained with the flap-u? configuration without the 
inboard leading-edge slat that was report4 in reference 1. 

The results of the free-flight-tunnel stability end control 
investigation of the 2. L-scale modd of the Consolidated Vultee XB-53 
airplane with a full-span leading-edge slat and stall-control vanes 
may be summarized as'follows: 

1. The full-span leading-edge slat gave about the saI2e meximum lift 
coefficient as the outboard s5ngle slotted flags although the angle of 
maximu lift 7+73s greater with the slat end there was a slight nosing- 
'ug tendency at the stell. \ 

2. Tile use of the full-sgan leading-ease slat el52inated the large 
negative d-:hedral associated ~5th the outboard single slotted flap. 

3. At low aq$es of attack more directional stability was obtaIned 
with the full-s?en leading-edge slat then tith the outboard flaD. At 
high en&es ef attack, however, there was a s&q rduction in directional 
stability with the fun-span slat, whereas with flag down there was en 
increase in direct?onal stability at high en@es of attack. 

4. At low end moderate 1Wt coefficients the flight characteristics 
were satisfactory. At high lift coefficients the flight characteristics 
xere considered uqsatisfactory because the yating motions resulting 
from low directional stability combined with tie nosing-up tendency 

' resulted in a stall in which the model yawed, zitched, an6 then rolled 
off out of control. 

5. The flight cheracteristlcs near the stall might be made 
satisfactory by use of a more effective stall-control device then the 
vane used in these tests so that the directional stability would be 
maintained at a satisfactory vel6e through tie stall. 

Langley Memorial Aeronautic& Laboratory 
Hational AdTiSOry Comuittee for Aeronautics 

Lengley Field, Va. 

. Charles V. Bennett 

Approved: S-&L 
Thomas A. Harris 

Chief of Stability Research Division 
em 

Aeronautical Engineer 

. 
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Figure l.- The stability -system of axes. Arrows indicate 
positive directions of moments, forces, and control-surface 
deflactlona. This system of axes Is defined as an orthogonal 
system having their origin at the center of gravity and In 
which the Z-axis Is In the plane of symmetry and perpendicular 
to the relative wind, the X-axis Is In the plane of symmetry 
an3Derpendlcular to the Z-axis, and the Y-axis Is perpendicular 

.I to‘ths plane of symmetry. 
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Figure 2.- Three-view sketch of the l/20-scale model of 
Consolidated-Vultee XB-53 airplane. 
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F igure 3.- Photograph of the l/20-scale model o f the Consolidated Vultee XB-53 airplane 
as tested in the Langley free-flight tunnel. *;-.. - -v.- ---;1 
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Figure 4.- Sketch of full-span slat and stall-control vane 
installation on the l/20-scale model of the Consolidated- 
Vultee XB-53 airplane. 
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Figure 5.- Comparison of the lift, drag, and gltchbg-monent 
characteristics of the l/20-scale model of the 
Consolidated 'Iultee XB-53 alrclane equl>ped wltn outboard 
flaps,wlth inboard slats, and with full-span slate and 
stall-control vanes. Center of gravity at 0.10 PAC. 
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the l/20-scale model of the Consolidated-Vultee D-53 
alrolane. A-, = rs, = -100. Center of gravity at 
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Figure 7.- Effect of Spanwise location of the stall-control 
vane on the directional stability parameter, CnPp for 

' the l/20-scale model of the Consolidated-Vultee XB-53 
airplane. Full-span leading-edge slat on. Extension 
on vertical tail. 6, = 6a = O". 
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Figure S.- Coqxrlson of the lateral stability characteristics 
of the l/20-scale node1 of the Consolidated-Vultee X3-53 
RirFlane vith the full-man leading-edce slat and witk 
the outboard single slotted flap‘. de = JEI = -103 
Center of gavity at 0.10 IiS. 
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