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FORCE TESTS OF TIC3 BOEING XB-47 FULL-SCALE EWENPIAGE 

IN THE AMES 40- BY $0-FOOT KIND TUNNEL 

I By Lynn W. Hunton 

A wind-tunnel Investigation of t h e  Boeing XB-47 full- 
scale empennage was conducted to provide, prior to flight 
tests, data required on the effectiveneas of the elevator  and 
rudder. The XB-47 airplane ie a jet-propelled medium bomber 
having wing and t a i l  Erurfacee w0pt  back 35O. The investi- 
gation included t e a t s  of the  effectiveness of the  elevator 
with normal etraight a i d e s ,  with a bulged trailing e w e ,  and 
w i t h  R modified hinge-line gap and t e G t s  of the effectiveness 
of the rudder vith a normal straight-sided tab and v 7 i t h  a 
bulged tab. 

INTRODUCTION 

The Boeing XB-47 airplane is a jet-propelled medfum 
bomber w i t h  swept-back winge and tail surfaces. In view of 
%he lack of available f l ight  data on swept  control surfaces, 
tne A i r  Fhte r i e l  Command requested that t e s t s  of the effect2ve- 
nees of the  elevator and rud-der be conducted fn the Ames 
4-0- by gO-foot wind tunnel pr io r  to t he  Initial flight test 
of the first expx-imental boEber. For the investigation the 
contractor su?plied R Fpecial model of the tail. assembly 
incorporating the  actual tail surfacee from the existing 
experimental -47 airplane. ' a  

The results presented herein include the effectiveness 
of the elevator for a range of attitudee of the h o r i z o n t a l  
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stabilizer and the e f f ec t lveness  of the  rudder  a t  various 
anglee of a i d e e l i p .  

. .  

SYMBOLS 

s ide - fo rce   coe f f i c i en t  1 
h o r i z o n t a l - t a i l  area (26g sq ft) 

v e r t i c a l - t a i l   a r e a  (219.7 e q  f t )  

fr.ee+.st-reera dynamic prwmure, p r  square foot 

geometric angle of attack o r t h e  fuselage re ference  
l i n e  - s e l a t l v e  to t u n n e l   c e n t e r   l i n e ,  degrees 

t rue   ang le  of a t t a c k  o f  the f u s e l a g e  referenco l i n e  
r e l a t i v e  to air streim, degrees 

- - . .. , ' r "r -.  
" 

angle of  sideelip, degrees 

e l e v a t o r   d e f l e c t i o n ,  degrees 

rudd-er def lec t ion ,   degrees  

tp-b d e f l e c t i o n ,  degrees 

HODEL 

P resen ted   i n  f igu re  1 is a three-view drawing o f  the model. 
body, which WRE -of a r e i n f o r c e d   s t e e l  shell cons t ruc t ion ,  
de-signed and bu~lt by the. ooritractor to simulate the  t a i l  

cone of the  s 4 7  airLji-Kne-, - On thiR body were m o u n t d  t h o  
ec tua l   ho r i zon ta l  and vertical tail surfexes from the first 
experfmental. XB-47 airplpne. The i n s t a l l f t t i o n  OF t h e  model i n  
t h e  tunnol  t -eet"ecc€ior i  is shown in figure 2. Due t o  the 
height of the v e r t i c a l  t a i l ,  the model had t o  be mounted 

- .  
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approximately 7 fee t  below the c e n t e r   l i n e  of  the air etream 
i n  order to   obtain  the  deaired  angle-of-at tack  range.   Such 
a d e v i a t i o n  f rom a normal t e s t  i n s t a l l a t i o n   r e q u i r e d  a s p e o i a l  
se t  of s u p p o r t   s t r u t s  as s h o r n  in figure 2. Since the drag 
foroes  i n  this i n v e s t i g a t i o n  were of l i t t l e  importance,  no 
attempt was made to shield these s p e c i a l   s t r u t s  v - l t h  f a i r i n g s .  

The elevator  and  rudder  were  both  constant-peroent chord  
( 0 . 3 ~ )  w i t h  an   i n t e rna l   ba l anoe   pane l   l i nkage  as ehown i n  
f i g u r e  3. Both   the   hor izonta l   and   ver t ica l   aur faoes  employeti 
an NACA 65010 a i r f o i l   a e o t i o n  (measured para l l e l  t o  wind axis) 
with ousps removed; The control-surface movement and p o s i t i o n  
i n d i c a t i o n  were’ ‘e f fec ted  by e lec t r ic  a o t u a t o r s  and s e l s y n s  
whioh were i n s t a l l e d   i n   t h e   o o n t r o l  system.  Deflections of 
the r i g h t   e l e v a t o r  tab (left tab locked i n  neutral f o r  a l l  
t e s t s )  were obtained by lock ing   t he  tab i n  varioue f i x e d  
pos i t i ons .  The rudder  tab, however, w&a c o n t r o l l a b l e  remotely 
with an actuator .  The modif ica t ions   t es ted   inc luded  a bulged 
t r a i l i n g  edge and a reduced  hinge-line gap on t h e   e l e v a t o r  and 
EL bulged tab on the   rudde r .   De ta i l s  of these modif icat ions 
are  g iven  with t h e   t e B t   r e s u l t s .  

\ 

The f o r c e  tests Isere run at a aynamic pressure  of 
30 pounds per square  f o o t  whioh  oorresponds t o  an airspeed 
of about 110 miles per hour at s tandard  sea- level   condi t ione 
(Reynolds  numbers of approximately X 10‘ and 12 X loe  for 
the hor izonta l   and  ver t ica l  gur faces ,   respec t ive ly ,  based on 
the mean chord),  The i n v s e t i g a t i o n   c o n s l a t e d  of two parts: 
(a) e f f e o t i v e n e s s   t e s t s  of t h e   e l e v a t o r  P-fth s e v e r a l   d i f f e r e n t  
modifications;   and (b) ef fgc t ivengae  tesga  of the q d d e r  at 
4 angles of sideslip (-0.3 , -3.4 , -6.3 , and -9.8 w i t h  
b o t h  a plain  and a bulged tab, All f o r c e  data m e  presented  
w i t h  r e f e r e n c e  t o  the t6nd axes, A sketch showing the 
p o s i t i v e   d i r e c t i o n s  of the f o r c e s  is g iven  in f i g u r e  4, A l l  
data presented as a func t ion  of  angle of a t t a c k  a have 
been  corrected f o r  stream angle i n c l i n a t i o n  ( 0 . 0 4 O  up-flow) 
and for the in f luence  of the j e t  boundary as followe: 
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where 

SH h o r i z o n t a l - t a i l   a r e a  (268 s q  f t }  

c c rose  s e c t ~ o n e ~  area of  tunnel (2856 sq ft) 

A l l  o t h e r  data obtP,ined a t  various f i x e d   a t t i t u d e s  of t h e  tail 
su r faces   (ho r i zon ta l  and v e r t i c e l )   a r e   p r e s e n t e d   h e r e i n  a t  the 
par t fcu lpr   geometr ic   angle  o f  Etttmk a, with no co r rea t ion  
f o r  the  aforementioned  effects.   Although the v e r t i c a l   s u r f a c e  
t i p  W R B  ra ther  close t o   t h e   t u n n e l  wall, no boundmy co r rec t ion  
hae been  emplied t o  t h e  measured angle  of s i d e ~ l i p  8 , aince 
no reliable wall co r rec t ion  w ~ e  avni l&ble f o r  such p.n unusual 
tunnel-model  configuration. 

Resul ts   of  the  t e e t a  of the h o r i z o n t a l  t a i l  a r o p r e s e n t e d  
i n  f i g u r e s  5 t o  d. Shown in f i g u r e  5 for t h e  basfc hor i zon ta l  
surfaoe are the l i f t  c h r a c t e r i a t i c s  as R funct ion,  first, of 
sng-le of Ettnck for s e v e r a l   f i x e d   e l e v e t o r   d e f l e c t i o n s ,  and 
second, of e l e v a t o r   d e f l e c t i o n  f o r  eeverP.1 f ixed  cnglee of 
attack. It should  be  noted on this f i g u r e  the-% the dP.ta f o r  
t h e  l i f t  c h a r a c t e r i s t i c s  i n  p i t c h  of the su r face  when compared 
with the o the r  data at equivp-lent   tes t  oonditione show a 
discrepancy  mnounttrq t o  approxim-tely 1.50 of elevator deflec- 
tion. All deta have been thoroughly checked and no explanation 
can be found, The deta o f  figure .6 ghow the e f f e c t  o f  f i xed  
de f l ec t fons  of t h e  right e l e v a t o r  tab on the e f f e c t i v e n e ~ s  of 
t h e  basic e leva tor .  The ef foc t iveneee  of the e l eva to r  with a 
bulged trailing edge, which extended over  approximtely 
40 percent  o f  the elevator Rpan, is a h o ~ m  i n  figure 7. Also 
included in t h i e  figure i s  a eketoh  showing the looa t ion  and 
w a s 8  section of  the tmilfng-edge  bulge.  I n  f i g u r e  d e l e v a t o r  
e f f e c t l v c n c s s  dp.tp- p r c  ehom vhich  were obtttined v r i t h  a modi- 
f i e d  gap at thc e l e v a t o r  hinge l i n e .  For  this modlfication, 
d e t e i l e  of which a m  shotrn i n   f i g u r e  d ,  t h e  shroud over   the 
e n t i r e  8 m 1 ~ ~ s  extended thus reducing the gap opening by AB 
much ae E 0 percent  pat aome poin ts .  

The reeulta of  the  i n v e s t i g a t i o n  of the ef feo t ivenoss  of' 
the rudder  are presented i n  fi res g ( ~ )  t8 g ( d )  for anglee of 
e i d c ~ l i p  of -0.3O, -3.h0, - 6 . 8 ,  and -9.g , respe6tiveI.y. A t  
each  angle o f  sidcelip, e f f e c t i v e n e s s  &"kt with the rudder tab 
i n  Eiovoral ffxcd p o s i t i o n s  were obtained f o r  the basic rudder 
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surface  (straight-sided t eb)  and f o r  the  rudder with E" bulged 
tab. A eketch showing cross-sectional oompnrison of the 
atrnight-sided end the  bulged mdder te.b is included in figure 
9 ( ~ ) .  All tests o f  the rudder were mnde 3-t Rn rngle of o-ttack 
of 00. 

A m s  Aeronsuticel Laboratory,  
Nntionol Advisory Committee f o r  Aoronwt ics ,  

Naf fett Fie ld ,  Gelif. 
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(8) Three-quarter  front view. 
Vieae o f  the  Boeing XE-47 enpennage  model In 
b- by &-foot  wind  tunnel. 
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