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Air Materiel Command, Army Pur -ForceS: ' 
. . .  
, I  

The XF-12 airplane is a high-performance  phot-econnaissahce 
a i r c r a f t  designed for the  Army A i r  Forces by the  %public  Aviation 
CorpoTation. AD investigation of a 1 / 8 . 3 3 - s c ~ e  hayered mode& w a 8  
nade in the  *gley l w o o t  pressure. tunnel  to.  dbtaia information 
r e l a t i v e   t o  the aerodynmic design of t h e   a i r p l e e .  The Ipoael 'was 
tested  with and without the orlginal vertical t a i l  . a n d '  w i t h  two 
r ev i sed   t a i l s .  For the revised t a i l  no, I, the span of the  original 
ve r t i ca l  .tail was increased about 15 percent and the  Fortfon of the 
ve r t i ca l  t a i l  between the s t ab i l i ze r  and fuselage behind the rudder 
hfnge l i n e  was allowed t o  deflect  simultaneously  with the main 
rudder.  Revision no. 2 incorporated  the inwetisad span, but  the 
lower rudder w8s"lodked in   the   neut ra l  position. . .  

For a l l  the t a i l  arrangements  inveetigated it Was indicated 
that the airplane w i l l  ~ O E E ~ E E I  posi t ive  effect ive dihedral and w f l l  
be direct ional ly   s table  regardless of f l a p  or power condition. 
The rudder  effectiveness is greater  f o r  the revised tails than  for 
the origfnal  tail, but this is  offaet by the fncrease in direct ional  
s t a b i l i t y  caused by the rev ised   ta i le .  

All the  rudder  arrangements appear inadequate i n  trfmming out 
the resultant yawing moments at  zero yaw i n  a t e e - o f f  condition 
with the left-hand outboard progeller windmilling and  the remainfng 
engines developiq take-.off power. 

1 

It iR indicated t h a t  the lower rudder of t a i l  no, 1 is ineffective.  
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In order t o  provide  the Army Air Forces w i t h  a long-range, 
high-altitude, high-speed, ghot,~9CoIIn@ia8anCe  aircraft,  the 
Republic  Aviation  Corporatim has undertaken the deaign of the 
XF"2 airplane. This design is  based on a normal gross weight of 
l03,ooo pounds, a wing span of 129.17 f e e t , a a d  a wing area of 
1640 square f e e t  . Eacb of the ' f o u r  ' s u p e r c h ~ g e d " " ~ a ~ ~ . .  5 
Whitney R-4360 engines is  capable. of .delivering 3000 horsepower. 

. .  

A t  the  request of the A i r  Materiel C o m a ,  Army A i r  Forces, 
an investigation has been  conducted i n  the Langley 19-foot 
pressure  tunnel  to datermine the   s tab i l i ty   charac te r i s t ics  of 
a 1/8.33-scale powered model of %he XE?-12 airplane. The results 
of that  par t  of the  investigakioh made t o  determine the   s t a t i c  
longi tudinal   s tabi l i ty  and s ta l l fng   charac te r i s t ics  axe reported 
i n  reference 1. .The. resu1t.s of .that phase ,of the  inyestigatlon 
made. t o  determine some of %he s t a t ~ c '   l a t e r 4   s t a b ~ l i t y '   c w a c t e r -  
i s t i c s  of the model with  the  origirial. 'tall:. and tw& revised: teils 
f o r  sever& flfghe. and powm cpnditions. are  pregeriteh  .herein @d 
include rudder effectiveness  test.8 i ,  Results .of.. + e , &  yitli' 
asymmetrical power a r e  a l s o  included, 

. .  . .  
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The pokitive  directions. of the fokces mid mqents  ana of 'the 

m@ar d i sp lacekn t s   o f ' t f i e   a i rp lbe  and' control '   &-faces a r e .  

ehown i n  f igure l?, The coefficienjpi! K d  symbols used %e defined 
as f ollow8,: 

. .  

. . .  . .  , .  
. .  

. .  
. . .  . .  , . .  

Cr, ". l i f t  coefficient (L /~s ) , '  . ' . 
. . . . . . .  . . . . .  : 

- . .  - . . .  
. .  . . .  . .  

CX longitudiial-foice coeff!cient'- ( ~ j q S ) '  . . ' ' 

CY lateral-frzp cwff ic ien t  (.Y/*qs) 

cJn pitchhg-oknt . . . . .  coefficiint .  ,! .(M]&zj. . . .  .: 
C2 r o ~ ~ g - m o m n t  coefficient (L:/&&) ' 

CIl yawinwobnt   &eff ic ien t  ( ~ / q ~ b ) '  '. 

*c thrust   coefficient pe r  2,ropeller (T/2qD2> 

. L I  
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P m.am density of a i r  

v airspeed 1 ' 

L lift (-z)- 

3 

I 

I 

X force along .lcngikudi&l a x l e  

Y force along lateral axis I 

M pitching moment 

N . yawing moment 

LT: ro l l i ng  mGIIient. 

T effect ive  thrust  ' 

Q t o r  que 

D propeller diameter 

n propeller ro ta t iona l  speed 

s wing area 

. .  . .  
- .  

b w i n g  span 



. . . .  . . . . . .  a angle of a t tack of root  '.chord'" 

1 0 1 '  .angle 'of yaw 

. .  

. .  . .  . .  I .  

s, f lap deflection , . -.# 

s, rudder  deflection,  positive with t r a i l i n g  ' ?  , edge '.. t o  left 
. .  

vi indicated airspeed 
. .  

R Reynolds number (pE/p)  
. . . .  . .  . . .  

CI coefficient of visco83.ty ' .  ' 

reff 
B propeller  blade angle at 0.75 t i p  radius . , 

. . .  

effective dihedral angle, degrees - .  . . . .  

The subscripts used herein are  defined as follows: 

trfm . condition when C, equals zero . . .  

(@ = 00) condition when angle. of yaw is zero degree!, 

. . .  

. , .  . .  

Model .- The 1/8.33-scale complete m o d e l .  pf , the XI?-12 airplane 
is 8ho?ln figure 2 mounted on a single  support-  &rut f o r  yaw ' tes te  
i n  the Langley 1 9 f o o t  pressure  tunnel. PrincZpal model dimensions 
m e  given in  ffgtwe 3 and general design details are 'presented 
in   table  I. The model i B  constructed of wood and reinforced  with 
s t ee l .  A description of the model da ta i la  I s  contained in  reference 1. 
The surfaces were sprayed with lacquer and kept aerodynamically 

' smooth by f i l l ing   sur face  irrqgulesities with glazing putty and 
rubbing with f i n e  abrasive paper. 

The model is equipped with partial-epaq  double-slotted flaps 
which extend frm the fuselage t o  61,.5 percent o f  the semispan. 
The f l aps  were fixed at the  appropriate  settings by euitable  brackets. 
The tr icycle  landing gear and wheel-well doors were instal led when 
the  f lape were deflected. 
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NACA RM No. L7B2b 5 

The ve r t i ca l  tail consists of a f i n  and rudder and i s  o f  . 
NACA 657-4311 a i r fo i l   s ec t i ans .  The v e r t i c a l  tail: in.gorForated . 
a dorsal and ventral  fin. The dorsal. fin faired:' , h t o  @e. fpaelage 
at 38.6 percent of the fueelage 1engt.h from t'he- nose. ,(r@cirkn 
fuselage  diameter). Three arrangements of t he  ver t ica l '  t a i l  were 
investigated and are  designated as t h e  or iginal  ta i l ,  revision no. I, 
and revision  no. 2. Principal dimen.sions .and details of t h e  t a i l  
arrangements are shown In  figure 4. For r e v i a i q  no. '1, the  span 
of t h e  o r i g i n a l   f i n  wa8 increased 15 percent, &he s p n ' o f ' t h e  
original  rudder was increased 20 percent, grid the  portion of the 
ve r t i ca l  t a i l  between the   s tab i l izer  and fuselage behind the rudder 
hinge l i n e  was allowed. to deflect  s i m u l t ~ s o u a l g  with .the main 
rudder.  Revision  nor 2 incorporatea the increased.8pki1 %ut the  
lower rudder wa8 locked in the  neutral  position  with all gags 
sealed. The rudders were not   lnterndly  balanced  %ut  had .felt 
wiper seals t o  prevent a i r  leakage  through  the rudder-fin..gap 3 

The rudder m f a c e ~  were remotely actuated  and  the amouht Qf . 
deflection-was  determined  by an e l e c t r i c   c ~ t r o l ~ p o s i t i m   i n d i c a t o r .  
The rudders  deflect through a range from -200 t o  200: . .  

_ .  '. . 
The horizontal t a i l  1s at tached  to  the vertibal '  tall above the 

. .  

fuselage as shown i n  figure 4. For these tesrtg  the  -elevator'was 
locked in   the   neut ra l   pos i t ion  and the  stabi1,izer  incidence 
was -2O t o  the wfng root chord. - .i . .  . . .  . 

> .  

All of the tests were made with the NACA w€ng .duct inlet ,  
l i p  no. 3 located at the  wing leading edge a Details if the internal- 
flow arrangement are  furnished  in  reference 1. The four-blade, 
right-hand, adjustable  pitch,   tractor propellers are gebmstrically 
similar to   the   a i rp lane   p ropel le rs ,  Each of the four propellers 
wes driven by a water-cooled  induction motor, housed in  each 
nacelle.  A variable-frequmcg alternator supplied the current 
with speed adjustment  attained by regulation of the frequency. For 
asymmetrical power conditions,   the  mtors of the windmilling 
propellers were di8.connected from the power source. 

Tests.- The yaw tests were mads a t  a dynazhic pressure of. 
26 p o x p e r  square f&t with the  density of the a i r  i n  the  tunnel 
maintained at apprgximately O.OO5l5 B ~ U ~ S  per cubic f o o t .  Under 
theee  conditions  the  Remolds number and Mach number were apgrax- 
imately 2,170,000, and 0.09, -respectively.  ' 

The d i r ec t iona l   s t ab i l i t y  ch€iracteristfcs and the  rudder 
effectiveness of the model were investigated  through a range 
~f 9 equal   to  -25O t o  25O at angle8 of at tac~c  of approximately 2.00 
and ll.Oo for each  f lap and power configuration. A f e w  conditions 
were investigated  with  the angle of a t tack  at 6.8O. Values of 
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rudder  deflection were selected  to   sat isfactor& cover the complete 
range of control surface deflections,  An investigation was made 
for  simular  conditions  with the complete impemage ($orliontal and 
v e r t i c a l   t a i l )  removed and- replaoed by a fuse lgge ' t a i l  cone. (See 
f ig .  5 . )  

. .  . .  
:. ,. 

The model proGellers were operated a t  constEmt'vdues' of V/nD 
throughout  the yaw range for each angle of at tack.  The;values of' 
propeller  rotational speed weze Eelected t o  dupXicat6 f i l l -scale  
torque  conditions a t  corresponding l i f t  coefficients  oniy when 
@ = Oo for the  power condi t ions   l i s ted   in   t ab le '  11':' . It is believed 
t h a t  the  variakions of &c fo r '  o t b r  values of.; $ we28 small 
and consequently  the blade angle was' s e t   a t  21 .$' for (M:$. )2 
and 280 for 0.50 (R.P. ) so tha t  full-scale values of ICc "could 
be apprai?ktely rsimulated as shown- in   t ab le  IT. The variation of 
the calculaterl Tc with Cr, 'for these power conditions' i s  shown i n  
f igwe 6. A comparison of ' the  variation'  of Qc wikh T, is given 
i n  figure 7 for t h e  full-scale  variable-pitch  progefler and the model 
adJustable  fixed-pitch  &oFeller, F G r  the   aspmetr ical  $owe,- 
cunditions  the blade eet t ing of the windmillfng  propeller was kept 
a t  21.5O and these propKLlers w e r e  allowed t o  ro t a t e  freely by the 
action of the air stream. Several aeymmetrical power t e s t s  
were ?mde at  $ = 00 t o  determine  the-rudder  deflection rsquired 
for t r i m  t h o u g h  a suitable speed range. This w e 8  accomglished  by 
eet t ing the angle of attack a t  eelected values End varying the rudder 
se t t ing  by remote operation to   ob ta in  tripl conditions. . .  

The in te rna l  afr+flow conditions f o r ' t h e  naoellEs,and ducts 
were the same as f o r  the tests reported i n  .reference 1. . : . 

. .  . .  
The data have been 

a system of axe8 having 
and i n  which the Z - a x i s  

comwr~ror$3 AND c o ~ c r I p N s . ,  . .  . , ,  

. .  . , .  . . .  . .- . .. ' 

refez&d t b  t h e  s t e b l l i t y  ' Wd?, "-which 'are  
their oyigin a t  the.center  of gravity 
is i n  the plane of 6pmetry &id persendicular 

t o  the re la t ive  wind, the X - a x i B  i n  the plane o f  s h t ' r i  and 
perpendicular t o  the Z-axis, and the Y-axis i s  perpendicular to the 
plane of synsetry as shown in figure 1. A11 the moments are computed 
about the  normal center of gravity located on the fueelage center 
l l ne  a t  27.43 percent of the mean aerodynamic chord. 

The equations uaed to transfer from t he  wind axe13 t o  the 
8tability axes are  8s fo l lo~r s :  
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.In  general,  increases pmbr cause  negative  'incredees 
fn a$/as, with .the most =ked c b a ~ ~ e s  occurring when the fla&s 
are  deflected. .5>O. .'Changes of tail configuration hdve"8mall effect 
on the values of ??$/as, obtained. ' . ,. . .  

, . .  
. . .  . . .  .I .. .. I . . 

Power e f fec t s  are negligible on &&I& - '  for .  the ' o r i g i n a ~  
t a i l  where flapo are re t racted.   'The  effects  become linore prbnomced 
when f l & t p B  ' a r e :  deflected. However, values of &d&, ..increase 
negatively  with power f o r  the  revised tails when:. tihe' fla@& axe 
retracted.  Although l i t t l e  difference  exis ts  fn . the  ,values . '  
of &,/&, between the  revised tails, there is  8. marked -1ncre8se 
In the  negative values over  those for t he  or iginal  tai l .  The 
increases in' &lJ&r die' to-  the  revieed tails  me"offset by the 
increase  in  directional  stabil ir ty caused by these taifs (cdnpare 
tables 111 and'V) and hence l i t t l e  change is experienced'over  the 

can trim For the   or iginal  and revised  tail   configurdtione  the 
difference In yaw angle a t  which m a x i m u m  rudder  deflection'.for t r i m  

' occurs (6rtrim = .  200) is  no case p e s t e r  than 2O.. AS expected, 
the revilsed tails general13  increased the effective  dihedral  by a 
small amount. 

-. o r i g i n a l   t a l l   i n   t h e  range &'yaw anglee through which the  rudder 

. .  

' .The original, tail, rather '  than' the revised tails'may be preferred 
f o r  normal four-englne fiight'operatian.becauee it 'doep hot cause 

gssociated 'wit.h -&der pedal for'ces, therefore, should be less 
severe  than fop the l q&er  revieed  tails .  For ae;vmmetr$cal'power 
qperati.on, hoyever, the 'revfeed 'tails proved more ef fec t ive   in  
t r i m l n g  the model t o  'laker- speeds at 9 =' oo ?a. e h h  in, 
figure 24. ' These ' data were obtained f o r  ' several t a i l  flap and 
power conditions by .remotely controll ing  the rudder .deflectian durfng 

. tha  t e s t s  of the mbdel t o  obtain trimmed conditions.. The results 
show that l i t t l e  difference  exista between either 'of the twqrevis ions 
and'hence  indicate'that  *he-lower ruader of revision no. 1 is 
IneYfectlve. It i'6 of ' i n t e rep t   t o  qote" t ha t  $he variation of rudder 
deflect'ion  require'd t o  t r i m  with indicated  velocity-at  $ = 00 
is about the, atme for revieion no'. . 2 with, two- engines  inoperative 
on one side and the  original. tail with  the left-hiznil outboarti 
propeller  windmilling. 

. an exceaelve amount' of d i rec t iona l   s tab i l i ty  and thB problems 

. .  

. .  . 

~ t h o u g h ' t h e  'data &e . l M t e d  In scope, it Beems possible t h a t  
f lap.defleclioris 'for . .  take-off ( S ,  = 200) ' w i l l  'not  greatly affect 
the  trend8 shown. ' From the results, 'it appears that d i f f i cu l ty  
at . the low take-ciff speeds w i l l  be' experienced for any of the t a i l  
configurations . in' the event of. sif@e-engine f allure +d tw&ngine 
failure '  on on6 side mf $cove catastro2hic- during' takk-dff.. The 
curves ?resented i n  f'fgure 24 sre-somewh&t optimist ic ' for ' the   reasons 
prevfously  stated  in  the explanatfai of ' f igure  14.' 
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The r e su l t s  of &he yaw t e s t e  with the v e r t i c a l  tail removed 
and f laps   re t racted are preaented i n  f igill.es 25 and 26' for' several 
power conditfons and with proj?Bllers removed. SMlar-resdts are 
shown i n  figures 27 and 28 with t h e  f l a p s   b f l e c t e d  .55*. These 
r e su l t s  are swanmized i n  table VII f o r  9 = 00. 

Changes i n  the s tab i l i ty   der iva t fves  due t o  removal of the t a i l  
were norm& i n  that values cf aCn/% increaeed  poeitively to give 
d i rec t iona l   ins tab i l i ty ,  values of aCy/a$ decreased t o  a reaeon- 
able extent, and the effect ive dihedral decreased a moderate mount. 

CONCLUSIONS 

. O n  the.basis of t e s t a  of a 1/8.3+scale powered  model of the 
Republfc XB"I.2 airplane i n  the Langley lp-foot pressure tunnel  the 
following  sonclusio~e..s;re  Indicated: 

. .  ' .  
1. With e i the r  the original  t a i l  or  the  ,revised tails the 

airplane w i l l  possess positive effective dihedral and: will be 
direct ional ly  stable f o r  all the flap and pawer conditions  tested. 

2. The variation of  yawing-mam4nt coefficient wfth rudder 
deflection a t  zero yaw, is greater for the revised tails than for 
the or iginal  t a i l .  However, this i ~ '  offset by the increase i n  
direct ional  stability caused by the revised tails. , 

3. . A t  take-off  with the left-hmid outboard prcipeller wind- 
mill ing and'the reqabing  engines  developlng t&+f power, a l l  
the rudder  arrengenehts appew t o  be inade'quate i n  *rimming out the 
r e s u l t m t  yawing moments at zero yaw. 

. .  . _  
, , , .  . I  
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4. The lower rudder of' .tail revision no. 1 is ineffective. 4 

. . .  . I  . ., . .. , ! 

. .  . . .  . .  ., . ; i . . .  
. .  . : ,  : $  

, .  . . .  . . .  
. .  . . . . . . . .  

. . . .  .Edward Pepher . . . .  . .  

Aeronautical Engineer 
, .  

:. . : . , .  

2. Pearson, Hamy A., and Jones, Robert T. : Theoretical  Stability and 
Control Characteristics of Wings w i t h  Various  Amounts of Taper 
and mist. NACA Rep. No. 635,  1938. 

3 MacIachlan, Robert: Wlndqunnel Teats of a 1/6"SCale Model of 
Republic XF-12 Vertical T a i l  wfth Stub Fuselage and Stub 
Horizontal Tail . .  BACA MR No. 65~21, Army A i r  Forces, 1945. 



WACA RM No. L7B2l 

- .  

Item 

Wing: 
Root chgrd ( theorst ical)  

Section (Republic) 
Chord 
Angle of incidence 

T i p  chord (theoretical)  
Section (Republic) 
Chord 
Angle of incidence 

Area (projected) . - .  
Span (projected) 
Aspect ratio 
Mean aerodynamic chord 
Sweepback (at 50 percent 

ohord) 
Taper r a t i o  
Dihedral (from wing-root . 

chord  plane) 

Aileron ,(one surface) ; . 
Area (projected) . 
men: (projected) 
Root chord 
Tip chord. 
Distance from centroid t o  

Deflection 

. .  

center of gravity 

Flaps:; , 

&ea (tQtd) . 
span (one side) 
Dsflection . . .  

. .  . . . .  

. . .  ... .. 
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14 - NACA RM no. Ln21 I .  
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Item 

Horizontal tail: 
Root chord 

Section (NACA) 
Chord 

Section. 
choiid 

Tip chord (theoretical) , 

Area (tot& projected) 
Span 
Aspect ratio 
Taper ratio 

.Mean aerodynam5c chord 
Dihedral ( t o  choa plane) 
Swgepback (at 6!? percent 

.horizontal tail chord) 
Tail  length (27.43 percent 

.wing mean  aerodynamic chord 
..' ko 25 percent t a i l  mean 

Elevator (one surface) 

hinge l i ne )  

aerodpmfc chord 

Area (projected behind 

. ''..Span (2rojected) 

. . . . .  Root chord 
c .  : . Tip chord 
: . ,Deflection . . .  
.VerticaO t a i l  (original): 
. .  .Area. (fueelage not included) 

Vertical 
Dorsal fin 

. I /  .-Ventral f i n .  . 
R o o t .  chord (theomtical) 

Aspect ratio 
Sweepback (at 65 percent 

vertical ta i l  chord) 
Mean aerodynamic chord , 

T a i l  leneth '(27.43 ' perimnt ' $ring 
mean aerodynamic chord t o  
25 percent tail mean . . 
aerodynan3ic chord) 

. ..sec'tip.n ( ~ C A )  . .  . .  ; 

. 

i 

I 

i 

I 
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1./8.33 . s c % ~  

V e r t i a l   t a i l  (original).- concluded 

&ea (behind hinge line) 
Root chord 4,54 f t  
T ip  chord 1.94 f t  

Rud&er . .  
54.87 sq f t  

span 15.00 f t  
B f l e c t i m  -200 t o  200 

Vertical tail (revised) : ’ . 

I 

Area (fuselage no% included) 
Vertical 
Dorsal f i n  
Ventral f i n  

Root chord (theoretical) 
Section (RACA) 
Sweepback (at . 6 8  percent 

ver t ica l  t a i l  chord) 
Mean aerodynamic chord 
Span 
Tail length  (27.43  percent 

wing mean aerodJrnamic chord 
t o  25 percent t a i l  mean 
aerodynamic chord) 

Rudder : 
k e a  (behind hinge line- 

Root . chord . 
Tip chord 
span (tog rudder m) 
Defl,ection . 

top rudder) 

Fuselage : 
Length 
Maximum diameter 
Frontal area 

c 

9 

51.5 ft 

I 

66.6 sq ft 
4.54 f t  
1.94 f t  

18.03 ft 
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Item 

Nacelles : 
Length 

Inbowd 
Outboard 

Maxfmum width 
Maximum height 
Front& area 
Direct5on of t h r u s t  line 

F u l l  scale 1/8.33 scale 
. .  

L .  

. .  .. 

29.38 f t  42.31 in. 
27,92 f t  . 40.06 in. 
5.21 ft 7-50 in. 
5.22 f t  .7.32 in. 

21.33 sq ft 0.31 sq f t  
Paral le l  to fuselage center l i ne  

Propellers : . .  
Number 4 4 
Number of blades per 

propeller 4 .. 4 
Diameter 163% 2 fn, . 23.29 in. 
Activity fac tor  per blade 118.5 . 118.5 
Tme .Aero>r.oducts C"40-1~ 

For' Full-scale  Airplane 

Weight-normal 
Wing loading 
Engine 8 

Number 
T n e  
Rating per engine 

Military 
Rated .power 

Gear ratio 
Superchargers 

Number 
T n e  

Power loading 
Ground angle (fram root  chord) 

Static posftion 
M a x i m u m  tafl-dm poElition 

. .  
103,000 .3.b 
62.8 lb/sq ft 

4 

I 

I 

I 
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11.0 .I -.ollL62 .00174 .OU.'~ 
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8f Pwer U 

(deg) condition (deg) 

0 (Map. 12 2.0 
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11.0 
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11.0 

T, 5 0 2.0 
6.8 
J1.0 
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I 11 .8 
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Original Revision Revision Original Revision 
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NACA RM No. L7B21 Fig. 1 
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Figure 5.- The -- I scale model of the XF-12 airplane with the tail removed. 
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NACA RM No. L7B21 Fig. 13b conc. 
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