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. .  
The afleron effectiveneaa  'decreaebd with increase- in  angle of 

attack for down aileron  deflecttons-but remained nearly  constant 
f o r  up deflections . .  

The accelerated development of jet-propelled  aircraft  durlng 
trorld ~ a r  II resulted m - t h e  creation of motors (turbojet, ram je t ,  
and rocket)  'capable of propelling airplanes at su~ersanic  epeoda 
Airplanes that are  t o  f ly throu&h t h e  transonic Fnto the supersonic 
range are rad ica l   in  deaf@ and present many low-speed s t a b i l i t y  
problem. It is therefore desirable t o  make low-speed wind-tunnel 
t ea t s  i n  order to   predict  the low-sposd' stability characteristic6 
of proposed supereanic  airglanes. 

- 

This report presents the low-speed a tab i l i ty  and control 
characterhsttca of a Bpecific airplane. The model of t h e  airplane 
tea ted  had a circular-arc wing w i t h  42.8O meeyback, 4.00 aspect 
Yatio, 0.50 taper ra t io ,  a. 42.8O aveptbacls horizontal tail, and 
a 40.3' amptback  mrticd.  tail. we original modo1 configuration 
7me tested #Ith a semihi& w3.ng. ' A  aeries of changes including 
lowering t he  w i n g ,  incorporatinh: a amaller-fin6nesa-yatio ~ueelaefe, 
and using a . lwger   ve r t i ca l  tail were made t o  improve 'the aero- 
dynamic characterist ics of t h e  model. ' The nature of t he  Investi- 
gation  accounts f o r  t h e  f aq t  that only lfmited data were obtainad. 
f o r  some configmations . -  - 

The longitudinal stabilj-ty and control  characteristics of tho 
model . a m  pl-esentsd in reference 1. 

M inmetigation  (roference 2) was made on a similar model 
with a 43;1° .swe-ptback wing having an aapect r a t i o  of 2.w and a 

' t aper   ra t io  of 0.42. The "lng had an NACA 65-110 airfoil   section. 

The reeul ts  of the  tes ts  a r e  presented &s standard MACA coef- 
f fc ien ts  of forces and nromorits. Rolling-moment, yaxlng-momnt, 
and pitching-ament coefficLents a m  referred t o  t h e  tes t   center  
of gravity ehovn i n  figure . I  (26 percent mean', aerodynamic chord) 
The daka are referred t o  the s t ab i l i t y  axea, vMch are 8 flystem 
of axee havhg 'their origin .at the center of gravity and in  which 
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CL lift coeff  iciant 

CX longitmnal-f o r - .  coeff iciant 

CP sib-f orce coefficient 

rolllng-moment c oef f l c  iant 

@tching-mgment coeffltcient (a) 
yawing-moment coefficient 

~ a g  = -X (ody>at = o0> 

$1 
- 

force8 &long - 8 ,  20- 
Z 

moments about axes, pound-feet 
N 



w h g  mean aerodynamic chard (M.A.C 1 (I .85 f t on model) 

root-rnean-Bquare chord of control eurface back 0f.h-e 
l ine ,  fee t  

of attack of fuselage center line, degrees 

of root chord of stabilizer measured via reapect 
fuselage center line; pos i t ive  when trailing edge 
aom 

rudder deflection moanurea i n  plane parallel to fuselage 
center line, degrees 1. . .  

spli t-flap  deflection measured i n  glens gerpenecular to  
reference =ne, degrees 

pla-in flap d.eflection measwad i n  plene perpendicular t o  
wing reference l ine ,  degreee 

angle of ewee3back measured t o  leadfng edge; degrees - 
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. x 

MO free-stream Mach number . 

Subscript: 

t he  number prscedhg the first dmh (42.8) give8 @e sweepback A in 
degrees measured wfth rewect to the leadfng edge, the number 
f ollowlsy: the first Oaeh (4 - 0 0 )  gives the aspect ratio A, and the 
nuniber following the second- dash (0.50) gives the kper ratio . X  



in f igure I( a) . The cf rcuhr-an ,   aspec t  ratio 4, wing was 
comtructed of mahogany and was f i t t e d  with 20-percent-chord s p l i t  
f l aps  and W p t h  15-percent-chord  nose f l a p s  (moasured perpendicular 
t o  the wing reference line). The s p l i t  flapEc and t h o  nose flaps 
are shown deflected in figure 4. The spli t-flap  deflection angle 
was measured betweon the lower contour of the wing and the f l ap  
surface, and the nom-flap deflection m~l measured with respect to 
the chord l ines  of the and t he  nose flap (See section A-A 
of fig . le) A drawing of a 810% i n  tho  wiq baa ing  edge is shown 
in f igwe 5 . m e  lwge fuselage was Fit ted a f la t - top  dorsal 
&8 shown in t h e  three-view draxhg of f i w e  1 (a> . The eemihigh 
wing was tested wi thou t  wiw f i l l e t a ,  whereas t he  low w5ng was' 
tes ted w i t h  f i l l e t s  ae shown i n  the. photograph of figure 6 . 

The large fusel- wa.8 replaced 'by a fuselage ( f iga.  1, 7 ,  and 8) 
havlryr ElmalPer length and dlametor and a higher  fineness ratio 
(9.46 versus 7 .89) The mall fuselage had a shorter nose length 
than that of ehe largo fuselage 2'he wine; was tes ted in the low 
position. shown i n  the three*view Bra- of figure l ( b )  The w i n g  
of the small fuselage had a 20-percent-chord p la in   f lap  and aileron 
(measured perpendicular t o  t h o  wug reference l ine) . The s l a i n  
f l ap  and the aileran  deflection angles were measured  between tho  
wing chord.l lne and t h e  respective flap or aileron chord line 
(fig . l(b) ) The mall fuaelage had a ver t ica l  tail (amall) of t he  * 

s m  plan form .aa the large fuselage but used an NACA 27-010 - 
-foil  section  Ineteab of the th€n e tee l  Zlato. Tke model was 
also tested w i t h  a large vor t ica l  t a i l  (fig l(b)) having a 
40 -3 - 1.35 - 0.35 plan row. m e  large v e r t t c a  tail coneisted 
of an NACA 27-010 a i r fo i l   sec t ion  at the root  and. an NACA 27-OCfl 
a i r fo i l   s ec t ion  a t  the t i p .  The horizontal tail was the same a8 
f o r  the large fuselage a Several dorsal and yentral   fa i r ing 
configurations, shown in f igwe 9, vere t e s t e d  w i t h  the large and 
t he   ma l l   ve r t i ca l   t a i l e .  The lower ver t ical  tail i s  shown in 
f igwe 9 A draw5ng shorn the wing stal l -control  vane or  fence 
used on the model is ahom in figlire 10. The selection of t h i s  
vane vas determined by t e s t s  of reference 1. In order t o  f a c i l i -  
tate the installation of t h e  horizontal tail i n  the raised  posit ions 
( f i g  . 11) , a &inch-thick steel plate  of the ~ a m e  plan form as .the 

lmge vertical t a i l  was wed. The phyaical charactmiatice of t h e  
model m e  presented in table I. 

- .. " 

u 

The rudder. hinge mome=1ts were measured ~dt2.1 a reeistanco-Qpe 
s t r a in  gage and a Brown gotentlometer. 
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For some tes ts  a net made of, %inch chord, &d having 8 mesh 16 
meaauring 1 inches on 8 side, F T ~ B  I n s t a l l e d  (fig. 3) upstream of 
the model t o  tmreaee the turbulence factor of the tunnel, thua 
increasing t h e  efYective Reynolas ntnnber of the tests .  

I 
4: 

The t e s t s  were mads.at dyaamic pressures of about 40.0 powlds 
per square foot ,  corresponding to an airspeed of about 125 miles 
per hour (M, = 0.16) . The tea ts  were made 8% a Reynolds number of 
about 2 .I? X 10 6 based upn mean aerodynmic ckord of 1.85 f ee t .  
The turbulence factor for t he  tunnel  ie not known but is believed . 
to be. ap-prox3matel.y 1.0 becamo of the .high tunnel contraction 
r a t i o  (14:l) 

where subscript M denotes measured v&Lue. 

A l l  force an8 m0men.l; coefficients were corrected for blocking 
by the method of reference 4. 
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The data have been corrected f o r  t h o  horizontal buoyancy cause& 
by the  longitMinal  ~katlc-pressuro  gradient i n  the tunnel. 

Presentation of R s e a t a  

Low w. ~ath large.  .fuselage (r = 5 .TO) I t h ~ n  ve r t i ca l  tail: 
Lateral-stabil i ty derl-va-bivea . . . . . . . . . . . . . . . .  14 
Aerodynamic characterlatics in yaw . . . . . . . . . . . . . . .  15 
Effect of Reynolas number . . . . . . . 16 and 17 

wing-~ lo r s  ser-c ckmc%erietice In yaw (F = 3.00) ; . , . 18 
Low wing w i t h  amall fuselage (I' = 3 .Oo), amall vert ical  ta i l :  

Effec t  of dorsal and ventral fairtngs on 4310 aerodpamic 
characterist ics in yaw . . . . . .  .- .  . . . . . . . . . .  19 

Lateral-stabllity derivativee . . . . . . . . . . . . . . . .  20 
Aerodynamic characteristics in yaw . . . . . . . . . . . . . .  21 

Low wing vith m a l l  fuselage (I' = 3 .OO) large vertical tail: 
Xffect of doyea3 fairings on the asrodyrsRlrric characterzatics 

i n y a w . . . . . . . . . .  . . . . . . . . . , . . . . . . 2 2  
- Later&L-.staSility derivhtlvea . . . . . . . . . . . . . . . .  23 

Aerodynamic characteri8tics in  yaw . . . . . . . . . . . . . .  24 
Effect of hox-izontal-tail location on the aeroQmamic 

characteristlca in yaw ( thin vertical ta i l )  . . . 25 
Effect  of stall-oontrol vane in yaw . . . . . . . . . . . . .  -26 
ETfect of aileron deflection in yaw, wit31 and xithout 

tho stall-control vane . . . . . . . . . . . . . . . . . .  27 
Effect of ruddm deflection in yaw . . . . . . . . . .  ... E8 

L 

. .  
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Low W i n g  wtth Small Fwelage (Large Vertical Tail) 

The ef'fect of hmizontal-tail position on the lateral charac- 
teristics is very 8-1 (fu. 23) for 10th the flaps-neutra and 
flaps-deflected conffgxratTans. 

The results of tests made .to detespthe t h e  effect of 8 stall- 
control-vane canfiguretian (fig. 10) are shown in figure 2.6. 
Compariaon of slopes measured from figure 26 with the parameter 
data of figure 23 &OT.TB tha t  t h e  effect  &-the e.t;all-coatrol vanes 
on lateral s tabi l i tr  was negligible. 
" -l Tbe aileron effectivenoes (fig. 27) decreaaee with  crease 
in angle of attack for positive aileron deflections but remains 
nearly constant f o r  negative deflections e The effect of the stall- 
control vanes on the aileron  characterietfcR was negligible. 

Rudder-control and hinge-moment  characteristics are presented 
fn figure 28. The rudder effectiveness &,/a& at small angles 
of yaw 18 about -0.0010 f o r  both the flaps-neutral and the flapa- 
deflected conftgwations. It appears fo r  bot& the flaps-neutzal 
and khe flaps-deflected configurations that the  rudder (Sr = 30°) 
can hold a sidesl ip angle of about -12'. For mall rudder deflec- 
tions, t he  variation of the rudder hinge moment with angle of yaw 
~ E I  positive  at small angles of yaw but 'becmea negative at large 

I angles of 3 m r 8  

d 



12 NACA RM NO L7G31 

' The lateral s t ab i l i t y  and control characteri8tics of a model 
~ l t h  a 42 -8 - 4.00. - 0.50 wing baaed .upan low-weed wind-tunnel 
t e s t s  are  summarized a8 f o l l o w :  

1. The effective dihedral f o r  t h e  .fla=ps"up, hi&-wing (I' = 0') 
configuration  reached a mwimwn value at a llft coefficient of 
about 0 .e?. The n.m.-&uurrl value of C o c c w w d  a t  about 

the aams lift coefficient a t  which the w h g  rstalled. Nose-flap 
deflection Fncreaeed the l i f t  coefficient at which 'the m m  G 

occurred. Incorporatian of 5O53.I of geometzic daed3.a.l and . 
addition of wing f i lZeea  t o  the lo~r-wing configzat ion just  about 
cmpnaa.t;ed f o r  I tihe *decrsam in effective 63hedP.al .cawed by 
lowwing the whg. The tail .contribution t o  t h e  effective dihedral 
was greater f o r  the IOIT ving than f o r  the a m h i &  w i n g .  

z\k 

2p 

2. ,The direct ional   s tabi l i ty  for the semihigh wing was very 
l o w  through t he  m a l l  y&w range, belng .almost neutral  for the flaps- 
neutral  configuration,  but w a s  improved when s p l i t  flal7s were 
bfLected. The model becones diyectionaI2.y unstable a t  l f f t  
coefficiente above stal l .  L o m r b g  t h e  xing, incorporating 5O51' of 
geometric dihedral, and addbg wing f i l l e t s  increaaed the direc- 
t ional  stability through the l i f t -coef f ic ien t  range (up to e t a l l )  
f o r  the f lape-neukal  c o n f i p a t i o m  . . The model also bocme 
directiohally  stable at the stall for'the  flaps-neutral  configuration 
Wen the wing was lowered. 

. .  

3,  The aileron  effectivemas  decreased with increase i n  angle 
of attack f o r  down aileron deflectime  but  remlned nearly constant 
for up def lect iom, 

" ." 
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Relative wind 

F i g u r e  2 .- System of axes a n d   c o n t r o l - s u r f a c e   h i n g e  moments 
a n d   d e f l e c t i o n s .  Positive v a l u e s  o f  fo rces ,  moments,  and 
a n g l e s  are indicated by arrows. 
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Figure 3.- A threequarter rear view of the large fuselage  model with a 42.8 -4.00-0.50 
wing mounted ia tbe Langley 300 MPB 7- by 10-foot tunnel. 6fs = e; Ofn = 0'; thin 

steel  vertical tail. Turbulence net in tunnel. 
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Mgure 4.- Split flaps and nose flap deflected on a model with a 42.8 -4.00 - 0.50 wing. 
= 550: Ofr = 300. 
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Figure 6.- A photograph of whg fillets tested on a model with a 42.8 -4.00 - 0.50 wing. 
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Figure 7. - Photograph of the small fuselage model with a 42.8 -4.00 - 0.50 wing mounted in 
the Langley 300 MPH 7- by 10-foot tunnel. 8 = 0 0 ;  6 = 00. 

fP fn r s  
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Figure 8.- Photograph of the small fuselage model with a 42.8 -4.00 -0.50 wing mounted Ln 
the Langley 300 MPH 7- by l0-foot tunnel. 6 = 00;  gf = @. 
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