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MR NO. A4K04 

NATIONAL AD'G'I SORY COMiZ?TEZ FOR AERONAUTICS 

ME M O ~ D U M  REPORT 
. -I- 

f o r  'che 

Air Technica l  Serv ice  Cormand, U. S. Army A i r  Forces  

FLYING QUALITIES OF A HIGH-SFEED BOMBER 'VJITH A 

By James A .  Veiberg m d  Al f r ed  W .  Schnurbusch 

F l y i n g  q u a l i t i e s  of  a high-sliee2 bomber with a d u a l  
pusher  p r o p e l l e r  a f t  of  t he  empei?i?qe, computed from tne  
r e s u l t s  of wind-tunnel t e F t s  of a l/E$-scale powered model, 
a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  The f l y i n g  q u e l i t i e s  a r e  evelu- 
a t e d  with r e s p e c t  t o  t h e  s t a b i l i t y  and c o n t r o l  requirements  
of t he  A i r  Technica l  Serv ice  Comnand, U.S. Army A i r  Farces .  

F o r  t h e  
s a t i s f a c t o r y  

c h a r a c t e r i s t i c s  investigELted, the a i r p l a n e  
f l y i n g  q u a l i t i e s  exccqt f o r  the  fo l lowing:  

has 

( a )  3Jith a f t  c e n t e r  of g r a v i t y ,  low s t i c k - f r e e  long i tu -  
d i n a l  s t z b i l i t y ,  f l a p s  up, and gossi 'sle i n s t a b i l i t y ,  f l z p s  
down 

(b) 2 i g h  e l e v a t o r  c o n t r o l  f o r c o s  i n  l and ing  with forward 

( c )  I n s u f f i c i e n t  e l e v s t o r  co i i t ro l  i n  take-off 

c e n t e r  of g r a v i t y  

( a )  Low rudder-free d i r e c t i o n a l  s t a b i l i t y  

Est i rnetes  of t he  f l y i n g  q u a l i t i e s  of a high-speed 
bomber with a d u a l  pusher  p rope l l e r  z f t  of t he  em2en:iage 
have been ix,c.de. The & n a l y s i s ,  i.is6-e at t h e  r e q u e s t  of t he  
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A i r  Tcchnicc.1 Serv icc  Coxmnd, V.S. f,r;.?y Air Forccs ,  i6 
%?.sed on t h e  r c s u l t s  o r  -;yind-tunnel t e s c s  of c? l / & s c ? h  
poirercd c o d c l  i n  t h c  7- b y  10- foo t  wind t u n n c l  nt thc  .'ncs 
i ieron?.utic?l  Laborc.tory, The f l y i n c ; - c w , l i t i e s  r c q u i r c x n t s  
of r c fe rcnce  1 hzvc Sczn used ils n c r f t c i - ion  of  a s8tis- 
f a c t o r y  ? . i rplznc.  

CF 

Tho a i r p l a n e  i s  n th rec-p lace  l i g h t  bori-bcr . Nz,j o r  
a i r p l a n e  d inens ions  are l i s t e d  ir: tc-.bie I, and 9. threc-view 
drawink of  t h e  n i r p l a n e  i s  shown i n  f i g u r s  1. Figure 2 i s  a 
l i n e  diagrr+ri of t h c  wing, and f l g u r c  3 i s  c? l i n e  dic2grm of 
the tail, The a i r 2 l e n e  i s  of unconvcizt iond des ign  i n  that 
i t  has a d u a l  pusher p r o p e l l e r  af.€ of thc  er,-pnr,age. Each 
s e t  of t h r c c  p r o p e l l e r  bla,,dcs i s  gc,-..r-drivcn by one of two 
cn;;ines sub:;ler,ed i n  t h e  fuseir.ge. The n i r p l m o  has s e d c d  
in t e rn72  bzlFLncc c o n t r o l  surfc-ces  (i'i&'s* 2 m d  3 f o r  c ross -  
s e c t i o n z l  v i ews) ,  dociblz-slottcG p a r t  i c 2 - s p n  flc;ps,  cnd 3. 
t r i c y c l e  landink, gear  tha t  re t r ; - . c t s  i i l t o  t he  fusc lag t? .  A m  

scs.11 s p l i t  f1r:p on t h e  v i n s  ::djF.ccnt t o  the f u s e l a g e  ( f i g .  2 )  
o p e r c t c s  i r i  c o c j u n c t i o c  wi th  thc  lmc l ing  g;;ear i n  t h F . t  i t  i s  
r e t r . c t e d  when t h e  ;:s:-.r i s  tip ?.ad d e f l e c t e d  t o  40' a f t e r  the 
gear i s  extended.  This linkc?..gc is neccss,?.ry i n  o r d e r  t o  
provide a f lpWp 'actwccn the  double-slot<;cd flaps and t h e  
fuse1q;c  end s t i l l  ZUCII~J t h c  d o u b l e - s l o t i c d  f l c g  t o  be 
opcrntcd f o r  any p o s i t i o n  o f  t he  g e m .  
extends b o t h  ?.bow ,ccnd bclow t h c  f u s c l ? ~ ~ ; e  wi th  t k e  lower 
h d f  ,also a c t i n g  as  2- p r o p e l l e r  c.um-d. 

m1 

77 !? L ~ ~ C  v e r t i c a l  t a i l  

Thc f l y i n g  q u a l i t i e s  o f  t h c  c.ii*;Aanc c?rc p r e s e n t e d  
and d iscusscd  Fccord in r  t o  tkc A r m  A i r  Forces  s t a b i l i t s r  cnd 

c 

c o n t r o l  r e q u i r e n c n t s  ( r c f c r c n c c  1)". 
c ~ i r r ? . c t e r i s t i c s  were not  m a l y z e d  sir ,cc tk  c o d e l  t e s t s  5 ;  LC. -- 

Aileron c o n t r o l  

n o t  i nc lu ik  c" d c t z r n i n a t i a n  o f  the p-i leron c h c r ~ . c t e r i s t i c s .  
The dync_L:ic s t f n i l i t y  w a s  no t  invc:;tiL=:';cd s incc  t h e  necessary  
dc".tc". wcrc not  r ,va i lnb lc  f r o n  winG-tunncl tes ts .  

The prototyj-e  n i r p l m c  i s  ecuippcd with F!n e l e v a t o r  nos3 
bi",hnce adjustp-ble  bctwcLn t h e  l i h i t s  of  C j . 4 5 ~ ~  and 0 . 5 0 ~ 5  
geornctric b d a n c ?  cor respondin?  t o  e f f c c x l v c  br?ltlrxes G f  
0 . 3 0 ~ ~  and 0.44cc, r e s p c c t i v c l y  ( c s  e s - c i x t c d  b y  t he  

I 

r 
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P 
Douglas A i r c r a f t  Conpcny). The ruclidcr has a g e o n e t r i c  nosc - 
bp-lance of 0147cr corresponding *Yo En e f f e c t i v e  balence of 
0 .396cr .  The e s t i n a t c d  con t ro l - su r fcce  e f f e c t i v e  ba lcncc  i s  
l e s s  than  t h e  a i r p l a n e  geometric hzlnncc b e c a m e  of thc  
e f f e c t s  of c u t o u t s  f o r  hinges,  c u t o f f s  f o r  cover -p la te  r i b s ,  
2nd le,?.kq,e through dra inzge  h o l e s .  The elevc7.tor c o n t r o l  
f o r c e s  p r c s e n t c d  h e r e i n  w c  f o r  O.W+jce e f f e c t i v e  bclniice 
which was thought t o  be nenr ly  t h e  c o r r e c t  ba l cnce  needed for 
s a t i s f w t o r y  c o n t r o l  f o r c e s  i n  c c c e l e r a t c d  f l i L h t .  The 
pedal f o r c e s  p re sen ted  are f o r  bo th  Oe396cr e f f e c t i v e  
b d a n c c  ( c o m e  sponding t o  t h e  c?irplane ) and 
ba lance ,  which is j u s t  ?.bout Thc p y o l x r  bclance needed f o r  
s n t i s f n c t c - y  pcdal  f o r c c s .  The v c h c s  of e f f e c t i v e  b a l m c e  
f o r  which r e s u l t s  are p r e s e n t e d  a r e  be l i eved  t o  be accurn tc  
t o  w i t h i n  1 percen t  of  t h e  cont ro l - sur face  chord.  

0 .34cr  ef f c c t  ive 

The coaputLt ions o r  f l y i n g  q u a l i t i e s  p r e s e n t e d  h e r e i n  
are b m c d  on the  a s s u c p t i o n  thc?.t ali c o n t r o l  s u r f a c e s  are 
r i g i d  m d  nass-balcnced and tha t  no . f r i c t i o n  e x i s t s  i n  the 
c o n t r o l  s y s  t en. The cont rol-s y s  t c  LI nechnnic a.1 zdvccint c7,ge s 
used (g iven  i n  t z b l e  I )  inc lude  c,?ble s t r e t c h .  

r e t a i n e d  i n  the  d i s c u s s i o n  below f o r  ec.sy c r o s s  r e f e r e n c e .  

1 

The paragraph-numbering systcr.1 of r e f e r c n c e  1 has been 

lt 

Longi tudina l  S t P - b i l i t y  and Con t ro l  

E - lb (3 )  E lev r~ to r - f ixed  s t2 .b i l i ty . -  Thc l o n g i t u d i n a l  
charm t e r i s t i c s  i n  s t c a d y  fligh3--Gbx deterclined f o r  t he  
c o n d i t i o n s  of  f l i g h t  d e f i n e d  i n  t h e  fo l lowing  t s b l e :  
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The r e s u l t s  are px-esented as t h e  vExif-tioi1 of e l e v a t o r  
d e f l e c t i o n  and s t i c k  fo rce  w i t h  i nGica ted  a i r s p e e d .  Tine 
g l i d e  c o n d i t i o n  (T, = 0, fig, 4) wi?s s a b s t i t u t e d  f o r  t he  
c r u i s e  c o n d i t i o n  of  t h e  Arrr,yl s reuuire:,:eiits (75 p c r c e s t  r a t e d  
power) b e c m s e  t h i s  a i r p l s n e ,  beiiqg of unccjnver,t i o n a l  des ign ,  
i s  l e s s  s t s b l e  power o f f  t h a n  power on.  

r 

Eleva to r - f ixed  s t a b i l i t y ,  2.s siiorlrn b y  the v a r i a t i o n  of 
e l cv? to r -  d e f l e c t i o n  with i c d i c a t e d  a i r speed ,  e x i s t s  f o r  
a l l  thc  f l i g n t  c o a d i t i o n s  invcst ig2Aed ( f i g s .  4 arid 5 ) .  AS 
t he  most a f t  c c r t c r  of g r a v i t y  i s  c?t 35 and 36 ps.rcent mezn 
m.rodynamic chord witl-, f l aps  and gecr u p  pi2d f l cvps  m d  
gear down, r o s p e c t i v e l y ,  t he  s t ick- f  ixed s t a b i l i t y  i s  such 
as t o  s z L t i s f y  t h e  w r m y ' s  r e o u i r e n c n t s .  

E-lb(j) ElcvE.tor-free s t F . b i l i t y . -  E l eva to r - f r ee  stability 
e x i s t s  i n  the  cl imb arid g l i d e  c o n d i t i o n s  ( f i g .  4.) throughout  
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t he  speed range inves t iga t ed ’  f o r  a l l  speeds down t o  12 
pe r  hour (0.7 VR/~,,,). 
pe r  hour ,  which corresponds t o  l e v e l  f l i g h t  w i t h  m i l i t a r y  
power, t h e  g r a d i e n t  of  control-f  orce v a r i a t i o n  with i n d i c a t e d  
c?ir-speed f o r  the a f t  center-of-gravi ty  1ocF.t i o n  (35 pe rcen t  
1 4 . k . C . )  i s  low. This w i l l  tend t o  g ive  inF.dequcbte con t ro l -  
c e n t e r i n g  c h P r x t e r i s t i c s  un le s s  some device ,  such as a bungee, 
i s  i n s t a l l e d  t o  increp-se the grzd ie i l t .  

m i l e s  

‘* 

z Y 

With t h e  a i r p l a n e  trimmed a t  3 1 mi les  

The model t e s t  r e s u l t s  show 2.il uns t ab le  con t ro l - fo rce  
v a r i r t i o n  e x i s t i n g  c?bove 130 a i l c s  i 3 C r  hour  f o r  t he  l m d i n g  
and approzxh cond i t ions  w i t h  the  pA.riJlczne trimmed f o r  zero  
c o n t r o l  f o r c e  a t  1.4Vsa ( f i g .  5 ) .  This  u n s t a b l e  v a r i a t i o n  
i s  due t o  a s t a l l  of t h e  h o r i z o n t a l  tail o f  t h e  nodel  which 
r e s u l t e d  i n  h igh  hinge aoments  c0.t t5e  lower l i f t  c o e f f i c i e n t s .  
(The t a i l  angle  of s t t a c k  cq Sccoxes more nega t ive  2s CL 
a a c r e a s e s .  Tai l  s t d i  occurs  cl . t  CL 1.0, f h p s  at 50°, 
where q = -120.)  The r e s u l t s  of t e s t s  o f  2.n i s o l a t e d  t c ? i l  
s u r f ece  2.t fu l l - scc? le  Reynolds nunbcr i n d i c e t e  t hz t  tk t a i l  
angle of C.ttack at which the  elevr.’l;or s t a l l s  w i l l  be more 
negat ive s o  thc.t t hc  i n s t a b i l i t y  e x i s t i n g  between l3O and 
225 mi l e s  per  h o u r  ( t h e  l i m i t  des ign  speed w i t h  f l a p  
d e f l e c t e d )  w i l l  be removed f o r  cc,itcr-of-grEbvity p o s i t i o n s  
a t  20 znd 25 percent  iiie3.n ae rodynmic  chord. With the  c e n t e r  
o f  g r e v i t y  st 35 pe rcen t  m:,n rwei-odynp.mic chord,  however, 
e lcv?. tor-free i n s t c b i l i t y  will e x i s t  above approxim?tely 160 
n i l c s  p e r  h o u r .  Thus the  r equ i r cnen t  f o r  e l e v e t o r - f r c e  
s t c b i i i t y  c ? t  spceds frorii Cc,llow?-blc V,,, down t o  1.2vs, 
f o r  t h e  approach c o n d i t i o n  and down t o  
c o n d i t i o n  w i l l  bc n e t  o n l y  with thc  c e n t e r  of g r & v i t y  fcra,-.rd 
of ‘25 p c r c c n t  mcan aerodyncmic chord,  

3 

d 

V s a  f o r  t he  l and ing  

lxll c o n t r o l  f o r c c s  i n  t h i s  r c 2 o r t  i?rz bc.scd on rsodel h inge  
nonents ob ta ined  2.t a Mach nuxbcr of 0.25 o r  less. For 
t h i s  rl;rLson the  f o r c e s  i n  f i g u r c  3 i i?  t h e  high-speed range 
may be somewhat i n  e r r o r ,  It i s  recomnended thz t  r e f e r e n c e  
bc cadc t o  t h e  high-speed wind-tunnel t e s t s  of a model 
of t h i s  a i r p l e n e  d i scusscd  i n  r c fc rcncc  2. 

c 
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E-lc ( 2 )  E l e v a t o r  con t ro l - fo rce  g r a d i e n t  .- The requ i r e -  
ment - fo r  e l e v a t o r  c o n t r o l  f o r c e s  i n  acce lerz- ted  f l i g h t  i s  one 

,of the  c r i t i c a l  requi rements  with r e g a r d  t o  e l e v a t o r  ba l ance .  
Cont ro l  f o r c e s  on t h e  a i r p l a n e  i n  s t e a d y  t u r n i n g  f l i g h t  w i t h  
f l a p s  End 'ear  r e t r a c t e d  have been determined us ing  a t r u e  

with t h e  p r o p e l l e r  o p e r a t i n g  at  zero t l r u s t  
This corresponds t o  t u r n s  f r o m  trimxed steady l e v e l  f l i g h t  
at  10,000 f e e t  with normal r z t e d  pover (except  f o r  a s l i g h t  
d i f f e r e n c e  i n  T c  which has a n e g l i g i b l e  e f f e c t  on t h e  f i n a l  
r e s u l t ) .  
a c c e l e r a t i o n  i s  p resen ted  i n  f i g u r e  6 f o r  two d i f f e r e n t  gross 
weights  and center -of -gravi ty  p o s i t i o n s  a 
cont ro l - force  g r a d i e n t s  a r e  based O i l  a limit l o a d  f a c t o r  of 
4 f o r  g r o s s  weights  up t o  25,000 pounds nnd vnry ing  from 4 
i?t 25,000 pounds t o  2.67 a t  35,000 poucds. 

t i o n  obta ined  a r e  a p p r o x i m t e l y  Lineer  ( f i g .  6 ) .  
gross weights ,  with the c e n t e r  of g r p w v i t y  n t  25 p e r c e n t  mem 
aerodynanic chord, t h e  g r z d i e n t  i s  below t h e  a l lowab le  maxi- 
filum; with t h e  c e n t e r  of g r p v i t y  at  35 pe rcen t  mean a e r o d y n m i c  
chord ,  t h e  g r a d i e n t  i s  below t h e  allovable minimum. Reduct ion 
of t h e  e f f e c t i v e  ba lance  t o  0 . 4 3 ~ ~  w i l l  make t h e  g r a d i e n t  
( c e n t e r  of g r F v i t y  a t  35 p e r c e n t  X . A . C . )  j u s t  e a u a l  t o  t h e  
s l l o w a b l e  minimum, 

speed of 3 6 5 mi le s  p e r  hoLZr a t  e n  d t i t u d e  of 10,000 f e e t  
( T c  2 0 ) .  

The computed and al lowable vmi,o.t ion of force with 

The e l lowab le  

n Lhe g r a d i e n t s  of cQntro l  f o r c e  13er u n i t  normal acce lera-  
F o r  bo th  

k suimiary of t h e  accelerF. ted f l i g h t  control-f  o rce  
& r a d i e n t s  ( f i g .  7 )  shows t h e  v c r i a t i o n  of c o n t r o l  f o r c e  p e r  
u n i t  normal a c c e l e r ?  t i o n  wi th  c e n t e r - o f - p a v i t y  p o s i t i o n .  
The manemering n e u t r a l  p o i n t  (where s t i c k .  f o r c e  per  g = 0 )  
i s  at 37 p e r c e n t  mcun aerodynamic chorG. 
b d a n c e d  c o n t r o l  surf:.ces, t h e  rnagnitudc of t he  induced 
e f f e c t s  on e l e v n t o r  hinge rnomerits i s  simll s o  tk.t the cen te r -  
of-g-ravity p o s i t i o n  f o r  z c r o  cof i t ro l  f o r c e  in t u r n s  and t h e  
l e v e l - f l i g h t  s t i c k - f r e e  n e u t r c l  p o i n t s  m e  very n e e r l y  coin- 
c i d e n t .  

Due t o  t h e  c l o s e l y  

,I 1 E-lc( ) ElevF to r  co r , t ro l  i n  lnnSliri;;.- i n e  ? . i rplane 
l r n d s  +s-&flected with t h e  I" 50". T e s t s  of t h e  riiodel i n  
t h e  prcsence o f  a ground p l e n e  f o r  t h e  de-Germinc-tion of t h e  
l a n d i n g  c h r r c . c z e r i s t i c s  of t h e  airpl,-.l?c indicF.ted abnormcl 
l i f t  cheri c t e r i s t i c s  when t h e  f l a p  d e f l e c t i o n  excecded q O O .  
F u r t h e r  t e s x s  . t  inc reased  Reynolds nurAbcr (ob tn incd  through 
increased strcnai t u rbu lence  indicp.tcd t h e  s i r p l n n e  i i f  t 

8 

Y 
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Center-of .. t o  
r each  m a x i m u n  
grourld ang le  

( d e s )  
---.- 

35 3 
4 

25,030 11 

21,530 

c $ 

'. 

25,090 1 20 I I 

I 

7 

Contro l  
f o r c e  a t  
maximum 
ground angl  

(lb) 

4 
7 

7 
27 

13 
74 - 

#' c h a r a c t e r i s t i c s  w i l l  ba nor,xal w i t h  flaps d e f l e c t e d  50°, I n  
orader t o  o b t a i n  an i n d i c a t i c - 1  of the laiiding c h a r a c t e r i s t i c s  
of t h e  a i r p l a n e  for t h e  Iilll f l a p  d e f l e c t i o n  of 5d0, t e s t s  
'vere aade of t h e  nodel  vzith t h e  f l a r s  d e f l e c t e d  30' and 40'. 
These r e s u l t s  have beeyi converted t o  e l e v a t o r  d e f l e c t i o n  and 
c o n t r o l  f o r c e  a s  a f 'unct lon of con tac t  speed and a r e  p re sen ted  
i n  f i g a r e s  8 and 9. The coxputa t ions  have bcen made for t h e  
combinations of graoss weights  and center-of-gravitTr p o s i t i o n s  
l i s t e d  i n  t h e  fo l lowing  t a 5 l e .  The r e s u l t i n g  c o n t r o l  f o r c e s  
and e l e v a t o r  d e f l e c t l o n s  rscyJlred t o  reach :naximan ground 
angle  have a l s o  been ta lJulated.  

A n  e x t r a p o l a t i o n  of t l?e results i n d i c a t e s  t h a t  wi th  f u l l  
f l a p  d e f l e c t i o n  of 500 and with the c e n t e r  of g r s v i t y  i n  t h e  
normal l and ing  p o s i t i o n  (36 percent  1A.A. C,  ) t h e  e leva torJ  w i l l  
be capable  of hold ing  t h e  a i r p l a n e  o f f  t he  ground a t  i t s  maxi- 
mum gr'ound angle  wi thout  exceeding a c o n t r o l  fo race  of 50 
pounds. I n  f a c t ,  t he  c o n t r o l  f o r c e s  may be cons idered  r a t h e r  
l i g h t .  When the air.plar,e i s  i n  the l and ing  c o n d i t i o n  
( f l a p s  a t  50°) wi th  full forward c e n t e r  of g r a v i t y  a t  20 per- 
c e n t  mean aarodynwaic chord,  the c o n t r o l  reqJ i rement  w i l l  
be met; b u t  t h e  f o r c e  reqAired w i l l  be more than double t h e  
all-owable l i m i t  of  50 pounds. 

Results of t e s t s  on a n  i s o l a t e d  t a l l  s u r f a c e  a t  f u l l -  
s c a l e  3eynolds nGmber i n d i c a t e d  t h a t  for f u l l  f l a p  d e f l e c -  

Y t i o n  o f  500 t he  c o n t r o l  f o r c e s  i n  Zandirq; w i t n  20 and 25 
1 

- 
. ., 
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ref e m n c e  1, 

E-lc(6) T r i m  c i imges due t o  flt-"ps and power.- The e f f e c t  ..-- 1___1-- 

on t r i m  of varjrir?g thc power an6 f lap  seTf ina  i s  "shown i n  
f i g u r e  11. With the t c b  s c t  f o y  trim at l.qVsa ( V i  = 123 
mph) with f l a p s  and gear  retrc.r=tecI and m i l i t a r y  power, the  
change in c o n t r o l  fo rce  a t  cons tcn t  speed due t o  v a r g i r g  the 
powar o r  f l a p  s c t t i n g  i s  w i t h i n  the  c?,llodzble l i m i t  of 
50 pounds,  Thus the requirement  of r e f e r e n c e  I is s a t i s f i e d .  

L a t e r s l  and Direc'"iona1 8 t cb i l . i t y  and C o n t r o l  

E - - 2 b ( l )  (b) Rudder-fixed I l i r e c t i o n d  s t a b i l i t y , -  The 
I- - --. ------e -__----------__.-._I-_-_-- 

d i r e c t i o n d  c h a r x t e r L s t i c s  i n  s tendy  s i d c s l i p s  were de t e r -  
Tir,ed f o r  t h e  ToIloNing c o n d i t i o c s  of f l i g h t :  

The r e s u l t s  are p r e s e n t e d  f o r  zero t h r u s t  and i a i l i t a r y  power 
a.s t he  v m i a t i o n  of  rudde r  d c f l e c t i o i i  and p e d a l  f o r c e  with 
s i d c s l i p  t-.ngle, 

RudGer-f i xed  d i r cc t ion? . l  F ; t c b i l i t y ,  as shown by the 
v r r i t  t i o n  of rudder d c f l e c t i o n  I - i L l i  s i d e s l i p  angle  i n  f iLures  
12 m d  13, E x i s t s  f o r  m y  flc,.p ~ n c i  !iowcr c o n d i t i o n .  The 
rudder-dcl ' lecLion curves  obt?-incd ;.re l i n c m  throughout  
t h e  s i d e s l i p - e n g l e  r zngc  For  t k i s  2. i rplam the va lue  of 
d8,/da i s  q u i t e  h igh ,  as may b e  :iotcd from t h e  preced-ing 
t F S l e .  

E-2b(l) ( c )  Rudder-free d i r ec t ion r .1  s t g i . b i l i t y . -  The 
v m i : . t i o n  o f '  n iddzr-pedal  fo rce  with s i d e s l i p  angle i n  
f i g u r e s  1 2  end 13 i n d i c a t e s  th,-.t m d d c r - f r e e  s t a b i l i t y  e x i s t s  

I_--- ------I 
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0 fo;? a l l  condi t ior is  of f l i g h t  i n v e s t i g a t e d  w i t k i  0 . 3 9 6 ~ ~  
e i ' f ec t ive  ba lance .  However, t he  g r a d i e n t  o f  f o r c e  vs  s i d e -  
sl.i;> a;.i;le i s  low w i t h  the p r o p e l l e r  operatin;., a t  ze ro  t h r u s t  
in t1:e clink c o n d i t i o n  ( f i g .  1 2 )  arid wi th  f l a p s  and g e a r  down 
( I ' L ~ .  13) .  [iediuction of t h e  e f i ' e c t i v e  balance t o  0 ,34cr  will 
iiicreasc; ti?e rudde r - f r ee  s t a b i l i t y  and s t i l l  keep t h e  p e d a l  
f o r c e s  , developed in n e e t i n 2  tlie rudde r -con t ro l  requi rements ,  
w i th in  t h o  a l lowable  l i m i t  of 180 pounds ( a s  w i l l  be d i s c u s s e d  
l a t e r )  . 

E-2b(2) R o l l i n 2  -- morne;;t ----- i!ue t o  s i d e s l i p  ( d i h e d r a l  7-w e f f e c t )  .- -.. 
A summarag of t h t  d i h e d r a l  e f f e c t  i s  g iven  i n  t h e  f o l l o w i n g  
tabi, t lat ion w1:ic3L l i s t s  t h e  s t a b i l i t y  d e r i v a t i v e  
f o r  t n r e o  fli$it cond i t ions :  

c Z ~  p ( a ~ ,  !/a,) 

The values  of C z ' p  i n d i c a t e  p o s i t i v e  d i h e d r a l  e f f e c t  e x i s t -  
in2 i 'or all f l i g h t  cond i t ions .  

F o r  t h e  pu:y)ose or corqjarison w i t h  o t h e r  a i r p l a n e s  the 
tab12 sl-;ovri includes v r l u e s  of' <ha ratio (CZIB/Cnp). A t  t h e  
hiigliel. speeds w i t 1 1  f l a p s  up,  t h e  r a t i o  for this  a i rp la r ie  i s  
cpproximate 1y 0 . 70.  

A 
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C T , = ~  O s ,  Vi=l53  i;?ph 
35,000 l b  g r o s s  

we i a h t  

11 

E-2ij(3) SiCc f o r c e  dt,e t o  si.dcslQ-- The v r z i a t i o r ,  of 
s i d e  f o r c e  with m g l e  oF-*-iilcslip lics a- 2 o s i t i v e  s lope ( r i g h t  
benk accompanying r i g k t  s i d e s l i p  f o r  a l l  f l i g h t  c o n d i t i o n s ,  
as skown by the curves  of angle  o f  Scnk r e q u i r e d  i n  stea-dy 
s i d e s l i p s  i n  f i g u r e s  12  and 13. 

Keferenct: 1 r e q u i r e s  t h a t  the  rudder cgr-trcl be sui’f i c i e n t  
t o  o v e r c m e  the  ndvci-se a i l e r o n  y a ; ~  i n  abrupt, e i l e r o n  r o l i s  
a t  1.2Vs, and- 1,2Y Since the riicdel t e s t s  d i d  not 
i nc lude  mezsurcments of  the a i l e r o n  c h n r a c t c r i s t i c s ,  t h e  
zdversc yaw i n  a i l c r o r ,  rolls 5 3 s  been e s t i m e t e d  b y  the methods 
of r e f e r e n c e  3. The comPu-tccI r c sa l t s ,  given i n  the  f o l l o w i n g  
t:L31c, show thp-t the rulder c o n t r o l  i s  s u f f i c i e n t  t o  overcome 

- ----_I- I------ 

E - 2 c ( l )  (a> Rudder t o  overcorns zdverse a i l e r o n  vaw.- 
-u__ -- e^- -I- - 

t h e  me.xinun &verse 

L 

S m e  tl.s zbore but; 
K i t h  m i l i t a r y  
power -- 
0.7vmax 2.t SL, f leps 
2.r.d gem- up, T c  = C 

25,000 lb gross 
c ~ = O . - j i ’ ,  V i = 2 1 8  mpk 

weight 

keve r s e t Rudd- e r 
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d 
Sumnary Table of Est imated F ly ing  Q u a l i t i e s  

A sunnary t a b l e  of  t h e  f l y i n g  q u a l i t i e s  of the a i r p l a n e  
i s  p resen ted  i n  f i g w e  14. This t2'31.2, bes ides  summarizing 
t h e  above discussioi1,  a lso incluo-es t h e  s ta l  L c h a r e c t e r i s t i c s  
and n e u t r r l - p o i n t  v a r i a t i o n  with f h p  and po.bgeii sc:t::Ing. 

c 0 XC LU SI ONS 

F o r  t h e  c o n d i t i o n s  i n v e s t i g a t e d ,  t he  airpl?.rs k s s  t h e  
fo l lowing  f l y i n g  q u a l i t i e s  e v a l i x t o d  i n  tcrn,s: bt8 L h c ,  brny 
A i r  Forces  requi reDents  f o r  s t c b i l i t y  and c o n t i  oi. 

1. The s t a t i c  l o n g i t u d i n r l  stability i s  de r j t i a t e  excep t  
f o r  t h e  fo l lowing:  

(a) Low e l e v a t o r - f r e e  s t c ? b i l i t y  e x i s t s  i n  t b  climb 
c .̂iid g l i d e  cond i t ions  f o r  the a f t  cer i ter-of-psv;  tjr p s e i -  
t i o n  (35 percent  X . W . C .  ) wi th  t h e  airpla!ie t: ,-XL.XLI a', 
h i g h  speed i n  l e v e l  f l i g h t .  

(b) Elevptcr - f ree  i n s t 2 - b i l i t y  e x i s t s  i n  ?he ln!?ilii?g 
an6 approach c o n d i t i o n s  above l3O miles  per  ,"_ow wkich i s  
t r p c e c b l e  t o  c? st ,oll  of :he n o d e l  k w i z o n t F l  z ~ t l  i n  The 
wind-tunnel t s s t s .  A t  full-sc,n.le Reynolds ni:c!bcr, t h e  
h o r i z o n t a l - t c i l  s t a l l  w i l l  occur  a t  a g r e a t e r  ner.-tive 
angle of attF.c;r i n  which c z s e  'chis i n s k b i l i t y  w i l l  not 
be p r c s z n t  at speeds below 225 rniles pe r  h o w  ( d e s i g n  
V,,, w i t h  fl,-?ps Gef l c c t e d )  f o r  cen ter -of -gravi ty  pos i -  
t i o n s  a t  20 o r  2 5  Terccnt  mean aerodynamic chord. With 
t h e  a f t  c e n t e r  o f  p r z v i t y  (35 pe rcen t  3f.i-i.C e ) e leva to r -  
f r e e  s t a b i l i t y  w i l l  ex i s t  a t  f u l l - s c a l e  Reynolds number 
& o m  approximately 160 r L i l e s  ge r  hour.  

2 .  Thc con t ro l - fo rce  p,n.dicnt i n  t u r n s  w i l l  be s n t i s -  
i f  t h e  e l e v a t o r  e f f e c t i v e  b d m c e  i s  a d j u s t e d  

t o  c2c 0 .  3 ~ e .  

3 .  The elevrotor c o n t r o l  i s  s u f f i c i e n t  t o  l a n d  the air- 
p l m e  b u t  t h e  c o n t r o l  f o r c e  requircc? with t h e  forwerd c e n t e r  
of g ,n ,v i ty  (20 percen t  M.A.c . )  and f u l l  f l c p  L e f l e c t i o n  ( 5 0 0 )  
i s  e x c e s s i v e .  

4. T,?'Y;e-off a t t i t u d e  ccnno'r, be attaified a t  0.8Vs, for 
m y  gross  weight  o r  center-of-grcvi ty  p o s i t  i o n ,  
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. 5. The e l eva to r  t r i m  tab i s  adequate  a t  all F o r m 1  
f l i g h t  speeds.  

6.  T r i m  cha-nges due t o  changes i n  poiver OT f l a p  s e t t i n g  
are s a t i s f a c t o r i l y  srnali . 

7. D i r e c t i o n z l  s t a b i l i t y ,  r u d d e r  f ixed ,  i s  s a t i s f a c t o r y .  
D i r e c t i o n a l  s t a b i l i t y ,  rudde r  f r e e ,  w i l l  be s G t i s f a c t o r y  i f  
t h e  rudee r  e f f e c t i v e  b a k n c e  i s  of t h e  o r d e r  o f  0 . 3 4 ~ ~ .  

8 .  The rolling momnt due t o  s i d e s l i p  i s  everywhere i n  
t h e  proyer  d i r e c t i o n .  

9. The s ide - fo rce  ckxrE .c t e r l s t i c s  ?.re s a t i s f a c t o r y .  

10. The r d d e r  co i l t ro l  i s  adecy!te t o  overcome adverse  
a i l e r o n  y:aw and t o  r x i n t z i n  strcig.l-it ground peths i n  c ross -  
wind t a k e - o f f s  and 1afiding.s. 

N a t  i ons2  Advisory Goamittee I c r  Aeron?-ut i c s ,  
A m e s  Aeromut i c21  Lebo:pLtory, 

i i o f f e t t  F i e l d ,  C a l i f .  

1. 

2. 

39 

Anon: S tZ-b i l i t y  and C o n t r o l  Recuirements f o r  A i r p h n e s .  
Army A i r  Forces  S p e c i f i c a z i o n  A ' ~ .  C-lrl5, Aug. 31, _ -  

1943. 
Hall,  C h m l e s  F . ,  And Iknnes ,  Rober t  L. : Long i tud ina l  

C h a r a c t e r i s t i c s  and Ai l e ron  E f f e c x i v e n e s s  of  the  XB-42 
Ai rp lane  From High-speed 'Jind--Tunnel Yests . NkCA C i G ,  
Sept .  1944. 

Pear son ,  Henry Adolph: T h e o r e t i c r l  5Lp.n Loadin? and 
Koments of Tapered Wings Produced b y  Ai l e ron  D e f l e c t i o n .  
XACk TN No. 5g9, 1937. 
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GEKERAL GEOiNETRIC DIXZNSIONS OF THE AIRPLANE 

( A l l  dimensions i n  f e e t )  

It ern -. 
--I_ -- 
Area * 

Span 

Mean Aerodynamic chord 

Aspect r a t i o  

Taper r a t i o  

Geometric twist  

Dihedra l  from r e f e r e n c e  
p l ane  

Incidence f r o m  r e f e r e n c e  
p lane  

Inc idence  from qo 

Sec t ion  p r o f i l e  
( c o n s t a n t  ) 

Naximum pe rcen t  thicknes2 

Root chord 

Tip chord 

Pe rcen t  chord l i n e  
s t r a i g h t  

Wing 

554.6 

70.5 
8-56 
8.96 

0 -  333 
2 . 0 7 ~  
:Washout) 

4.00 

0 

-- 

Douglas 
c-17 

17.02 
11. 83 

3.94 

H o r i z o n t a l  - tu --- 
139.28 

25.0 

5-78 
4.49 

0.57 

O0 

0 

1. 89' 

13 45 
7 - 1 7  
4.08 

65 

V e r t i c a l  
t a i l  . 
86.98 

17.4 
5.29 
7.423 

-- 
Douglas 

H 

15-55 
6 .33  
4.25* 

60 

*Rimension given i s  f o r  upper v e r t i c a l .  Lower v e r t i c a l  
has  i r r e g u l a r l y  shapec bumper on t i p .  

L 
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: l eva to r s  --. 

TABLE IIi 

MOVABLE SURFACES OF THE AIRPLAIE 

( A l l  dimensions i n  f e e t )  

3udders  
Upper Lower - } Item 

Double- 
s l o t t e d  f l a p  

a57 0 98 -._I_-- 
Area a f t  

hinge l i n e  

S p l i t  
f l a p  

11.66 

--- 
Percent  t ba lance  

35 
Percent  I chorad 40 

i 

Percen t  
span 

I Contro l  
t r a v e l  

F/HM 

Area a f t  
hinge l i n e  
a f f e c t e d  by 
ba lance  
T r i m  t6b 
a r e a  
Tab t r a v e l  

l i l e r o n s  

26.34 
23 * 62,; 

0.43 

22 

33*5 

31.34 

*,16' 

a2f0.14 

2 3 . B  

*% 
0.47 

0*45 0,50 to I 

Sl.5 I 63 

71.6 126.08 116.5- 

I- - 

3-38 I --e- ; I - - - -  
100 U P  

----- .* 
2 9 ~ 2  

25 + 
50' down 

"Does not  inc lude  vane. 
bI4easured a long  hinge l i n e .  
CMeasured along t r a i l i n g  edge,  
dRat io  of  chord a f t  of hinge l i n e  t o  t o t a l  s u r f a c e  chord. 
eThese v a l u e s  a r e  f o r  cockpi t  c o n t r o l  motions which allow for 

fWheel rnoment/hinge moment. 
c a b l e  s t r e t c h .  
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