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LIFT AIID 3RAG CHISRACT3RiSTICS OF TEE D-558-1 

AND VARIOUS 'Jb I K G  AlTD TAIL COlPIGT,TRATIONS 

By John Be 'byright and Donald L. Loving 

Tes t s  v e r e  made i n  t h e  Langley 8- foot  high-speed tunne l  t o  
i n v e s t j g a t e  t h e  aerodynanic c h a r a c t e r i s t i c s  of the  D-558-1 a i r p l a n e  
and va r ious  wing and t a i l  cor,figurati.ons on  t h e  D-558-1 fuselage.  
The v a r i o u s  wing and t a i l  c o ~ f i g u r a t i o n s  were t e s t e d  t o  determine t h e  
aerodynamic o f f e c t s  of a spec t  r c t i o  and sseep f o r  s u i t a b l e  use on 
the  ~ ~ c o l l d  phase of the  D-55e p r o j c c t  (D-550-2). The t e s t s  were 
cond.uoted through a  speed range from a Mach number o f  0.49 t o  
approximately 0 -94, This p z r t  of t he  invc s t i g a t i o n  inc ludes  the 
l i f t  and drag  r e s u l t s  a v s i l ~ b l z  f o r  t h e  con f igu ra t ions  t e s t e d  t o  
t h i s  da te .  

The D-558-1 r e s u l t s  i nd ica t ed  t h a t  the  l i f t  f o rce  break would 
occur a t  a Mach number of 0.85 w i t h  some r educ t ion  i n  l i f t  a t  speeds 
above t h i s  Mach number. Tes ts  i nd ica t ed  t h a t  t h e  a i r n l a n e  w i l l  have 
s a t i s f a c t o r y  l i f t  and d r a g  c h a r a c t e r i s t i c s  up t o  and inc lud ing  i t s  
design ?tach number of Oe85e 

The 35' swept-back, 35°swept-forward, and low-aspect-rat io  (2.0) 
wing conf i  g ~ r a t i o n s  a l l  showed p r o n o l ~ ~ c e d  irr~provenients i n  main ta in ing  
l i f t  throughout t h e  Ibfach number range t e s t e d  and i n  i nc reas ing  the  
c r i t i c a l  speeds s b o ~ e  the  D-558-1 value t o  c r i t i c a l  &Tach numbers 
on t h e  order  of 0-9. I n s o f s r  a s  l i f t  and d r a g  c h a r a c t e r i s t i c s  a r e  
concerned l e v e l  f l i g h t  a t  speeds approaching t h e  v e l o c i t y  of sound 
appears  p r a s t i c a l  i f  swept or l o x - a s p e c t r a t i o  con f igu ra t ions  s imi l a r  
t o  t hose  t e s t e d  a r e  used. 

INTRODUCTION 

i n  order  t o  o b t a i n  l e v e l - f l i g h t  d a t a  through the  t r anson ic  speed 
range, a  s e r i e s  of h ig  cured f o r  
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t h e  TiliCA through %he coopera t ion  of t he  Bureau. o f  Aeronautics,  Navy 
Department. The Douglas .Airsr.af"iorporatioil has  undertaken t h e  
cons t ruc t ion  of these  a i r p l a n e s  and t h e y  a r e  des igna ted  c o l l e c t i v e l y  
by ijouglas A i r c r a f t  Corpoi-ation a s  t h e  D-558 p ro j ec t .  Because of the  
u n a v a i l a b i l i t y  of s a t i s f a c t o r y  al.rplane power p l a n t s  a t  t h e  s t a r t  of 
t h e  p ro j ec t ,  t k e  p r o j e c t  wes d iv ided  i n t o  two pllasasr Phase I i s  a11 
a i r p l a n e  ( ~ 5 5 C - 1 )  powered s o l e l y  by a  t u r b o - j e t  u n i t  and designed t o  
f l y  at a maximum l e v e l  f l i g h t  Eich  number of O.85, while  Phase I1 
(I)-558-2) i s  t o  be a  r o c k e t  p l u s  t u r b o - j e t  powered a i r p l a n e  t o  
extend t h e  maximurn speed i n  l eva1  f l i g h t  t o  a  Mach r~umbsr grcatc-r 
t h a a  l e G .  

The f i n a l  des ign  of t h e  D-558-1 was f r o z e n  i n  J u l y  194.5 and i.t 
was thou-ght t h a t  wind-tunnel t e s t s  a t  h igh  Xach numbers of a  model 
of D-558-1 would be desirable as a p i d e  f o r  t h e  p i l o t  dur ing  t e s t  
f l i g h t s  and t o  ijlsuTe agains.t  Etny ca t a s t roph io  e ~ e n t s .  As more 
and more confirmdtory -i;o;st d s t 2  ( b o t h  h e r i c a n  and ~ e r m a n )  became 
a v a i l a b l e  on .the e f f e c t s  of var:i.ation i n  vlririg p l an  form, it was 
decided t o  t e s t  va r ious  wing and t a i l  con f igu ra t ions  f o r  poss ib l e  
use  nn t h e  Phase I1 a i r p l a n e  s inco t h e  des ign  was i n  t he  nebulous 
s t a t e ,  

Becordin ly ,  t e s t s  were ~ u d s  :in t h e  Langley 8- foot  high-speed 
t u r n e l  on a  ' s c a l e  model of the D-558-1 w i t h  no nose- in lo t  flow. x- 
Tusts  were a l s o  made on va r iovs  wing and t a i l  con f igu ra t ions  f o r  
poss ib l e  use on t h e  0-558-2 airp1.ane. This  r e p o r t ,  p r e s e n t s  
t hose  l i f t  and d rag  r e s u l t s  f o r  which. complete t a r e  co r r ec t ed  d a t a  
a r e  a v a i l a b l e ,  

f ree-s t ream v e l o c i t y ,  f e e t  per  second 

f res -s t ream dens i ty ,  s l u g s  per  cubic  f o o t  

pressure ,  pounds per  square 

f r e e -  stream v e l o c i t y  s f  sound, f e e t  per  second 

frecl-stream &oh n m b ~ r ,  

lif't, pounds 

drag, pounds 
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% wing area,  square f e e t  ( See t a b l e  11;) 

l i f t  c o e f f i c i e n t ,  

d r ag  c o e f f i c i e n t  (&I 
a , angle o f  a t t a c k  ( fuse l age  center  l i n e ) ,  degrees 

it nng1.e of incidence of horizofi ta l  t a i l  r e l a t i v e  t o  fuse lage  
cen te r  l i n e ,  degrec s 

e e l e v a t o r  ang le  r e l a t i v e  t o  h o r i z o n t a l  t a i l ,  degrees  

L - 
D 

l l f t - d r a g  r a t i o  

d  C ~, /d  a l i f t - cu rve  s lope  

a s p e c t  r a t , i o  

fl sweepback angle of ' the  wing 

The D-558 5.nvestigation was condvcted i n  t h e  Laicley 1s-foot high- 
speed tunne 1 which i s  a s i n ~ i e - 1 . e t v . r ~  close6- t h r o a t  type. The maxi- 
mum Mach number was 0.94 f o r  t h i s  i n v e s t i g a t i o n .  

Mode 1 s u ~ p o r t  sys  heme - B s t i np -  s t r u t  si;?i?port sys  ;;en des  i p e d  f o r  ----..--- 
t h e s e  t e s t s  i s  shovm i n  f i g u r e  1. The s t i n g  i s  a cont inua t ion  of t h e  
r e a r  of t h e  model fu se l age  w i t h  provis ion  f o r  ang1.e-of-attack change 
near  t h e  ta i l .  The s t i n g  i s  c o m e c t ~ d  t o  a v e r t i c 6 l  ~ t , i + ~ t  3,hich i s  
mounted on t h e  tunnel-balance r i n g ,  The s t r u t  and gart of the  s t i n g  
a r e  sh ie lded  from the air stream by lneans of t h e  f a i r i n g s  shown. A 
l i n e r  t o  c o n s t r i c t  t h e  flow was in ska l l ed  i n  t h e  throat of the twine l ,  
f i g u r e  1, i n  order  t o  obta in  t h e  h ighes t  poss ib l e  t e s t  Kach numbers 
a t  t h e  model l o c a t i o n  f o r  t h i s  s c i n g - s t r u t  system. 

1 
I 

lKode1,- k - s c a l e  model of t h e  D-558-1 a i r p l a e ,  f i g u r e  2, was - 16- 
cons t ruc ted  according t o  Douglas dravring nlvi1'1ier 5,2549672, w i t h  the  
exceptiorl  of t h e  f i n ,  a i l z g - f i l l e t ,  61-15 nose i n l e t .  The f i n  was b u i l t  
from s p e c i f i o a t i o ~ s  fu rn i shed  by the  Dougllis A i rc ra f t  Corporation. 
On t h i s  f i n ,  tl?o h o r i z o n t a l  t a i l  i s  held 11-inches ( f u l l .  s c a l e )  
higher  t han  t h e  u p e r  t a i l  p o s i t i o n  or t h e  r e f e rence  draxing,  The 
nose i n l e t  was f a i r c d  out  t o  form a so l i i !  Fose shspe t h u s  e l imina t ing  
i n l e t  and i n t e r n a l  f  lotv. The v a r i o v s   arts of t hc  D-55:-1 w i l l  be 



r e f e r r e d  t o  a s  "o r ig ina l "  whenever used i n  conjunct ion w i t h  o the r  
proposed p a r t s o  

A wing-fuselage f i l l e t  was d e s i q e d  by t h e  NACA besause i n f o ~ ~ m a t i o n  
on t h e  f i l l e t  developed by Douglas A i r c r a f t  Corporat ion and GALCIT 
was no t  a v a i l a b l e  a t  t h e  s t a r t  of t b e s e  t e s t s ,  The U C A  f i l l e t  i s  
cha rac t e r i zed  i n  gene ra l  by having a f l a t  sur face  a long  t h e  r o o t  ch.ord 
and i s  compared w i t h  fhe U~sgBae fllXet i~ ffgyre 3 ,  During t h e  
course o f  t h e  D-558-1 model i n v e s t i g a t i o n ,  t h e  Douglas f i l l e t  was 
tested.  The l i f t  and drag r e s u l t s  proved t o  be so  n e a r l y  t h e  same 
as t o  be considered i d e n t i c a l  t o  WACA f i l l e t  r e s u l t s .  Therefore,  
even though t h e  d a t a  presented f o r  t h e  D-558-1 model a r e  w i t h  t h e  
NACA f i l l e t ,  t hey  a r e  a l s o  r e p r e s e n t a t i v e  of t h e  Douglas f i l l e t .  

Addi t iona l  wings, t a i l s ,  and a f i n ,  designed f o r  
use on t h e  second a i r p l a n e  o f  t h e  D-558 s e r i e s ,  +$ere made t o  be 
t e s t e d  on the fu se l ags  of t h e  D-558-1 model. These p l an  forms were 
s e l e c t e d  t o  o b t a i n  h igh  force-break Nach numbers on t h e  b a s i s  of 
information i n  such r e f e r e n c e s  a s  1 t o  6,  The p a r t s  inc1trdr;tl a 35' 
swept-back wing, t a i l ,  and f i n ;  a 35O swept-forward wing; and an  unswept 
wing and t a i l  w i t h  a n  a s p e c t  r a t i o  of 2,0. The ~somponent p a r t s  having 
an a s p e a t  r a t i o  of 2r0  wlll be oaaled "low a s p e c t  r a t t o e n  

Table I i s  presented  a s  a n  a i d  i n  determining t h e  va r ious  
conf igura t ions .  The geoiietry and dimensions of the  wings and t a i l s  
t e s t e d  a r e  given i n  t a b l e  11. A s  w i l l  be noted, the wing sec t ion ,  
area,  t a p e r  r a t i o ,  d ihedra l ,  and l o c a t i o n  of t h e  25-percent nean 
aerodynamic chord a long  t h e  fuse l age  a r e  t h e  saxe f o r  t h e  fou r  wings 
t e s t e d ,  The swept-back, swepbf or~vcrd, al:d o r i g i n a l  wings a l s o  had t h e  
same a s p e c t  r a t i o ,  span, and mean aerodynamic chordo Tlze swept wings 
were designed by r o t a t i n g  t h e  50-perseat-chord l i n e  350, and shaping 
t h e  t i p s  p a r a l l e l  t o  t h e  fuse l ags  center  l i n e ,  The s e c t i o n  p ro f i l e s .  
were perpendicular  t o  t h e  50-percent-chord l i n e ,  hence t h e  percent  
t h i ckness  of t h e  swept wings i n  t h e  stream d i r e c t i o n  i s  smaller  t h a n  
t h e  percent  t h i ckness  perpendicular  t o  t h e  50-percent-chord l i n e  o r  t h a t  
of t h e  unswept wings i n  t h e  s t ream d i r e c t i o n ,  Drawings of  t he  v a r i o u s 4  
conf igu ra t ions  a r e  shown i n  f i g u r e s  4, 5, and 6. 

METHODS 

Determination o f  t a r e  f o r c e s s -  Aux i l i a ry  arrns i n  the v e r t i c a l  
plane of t h e  fuse l age  were used to support  t h e  model f o r  t h e  determi- 
n a t i o n  of t h e  t a r e  f orcese 'These t a r e  a m s  a r e  shown a s  dashed lines 
i n  f i g u r e  1, The forward p a r t  of each  arm w&s a 6-percent a i r f o i l  bwept 
back 30' t o  minimize i n t e r f e r e n c e  e f f e c t s  and prevent  attainment of 
shook-wave d i s tu rbancese  The remaining p a r t s  of t h e  ttara arms were 
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t h i n  p l a t e s  extended back t o  t h e  s t r u t *  Guy wi re s  from .the wing 
t i p s  welee used on a l l  t a r e  runs  so t h a t  t h e  system li~ould be r i g i d  
when no s t i n g  was used, Two t a r e  s e tups  were requi red  t o  eva lua t e  
t h e  t a r e  f o r c e s  a ~ d  these  a r e  shown, w i t h  t h e  method used t o  o b t a i n  
co r r ec t ed  model da ta ,  i n  f i g u r e  7 .  I n  t a r e - run  R, a s h o r t  a f te rbody 
was us& et the t a i l  of t h e  fu se l age  because t h e  s t ingwas  n o t  used on 
t h i s  setup. As a r e s u l t ,  t h e  co r r ec t ed  d a t a  a r e  f o r  t h e  model with 
the af terbody.  Since t h e  model t e s t s  d id  n o t  s i i ~ ~ u l a t e  nose - in l e t  f low 
or t h e  exhaus t ing  j e t  a t  t h e  r e a r  of  the  fus? lage ,  t hese  d a t a  give 
r e s u l t s  w i thou t  t hese  e f f e c t s .  A 1 1  d rag  d a t a  i n  t h i s  r e p o r t  a r e  
t a r e -co r rec t ed  model dat,a, The 1if.t t 3 r e  was f ~ u n d  t o  bo nsg1.igible 
s o  no c o r r e c t i o n s  were a p ~ l i e d a  

Accuracyo- The lift d a t a  a r e  presented  out  t o  n Mhch number of 
a b o u t w y h e r e  choking occurs  a t  t h e  skrqut. The d a t a  a r e  unaf fec ted  
by choke phenomena a s  t h e  s t ru twhs t~e11 .  aft o f  t he  model and p re s su re  
measurements i nd ica t ed  no i r r e g u l a r i t i e s  i n  t he  v e l o c i t y  f i e l d  i n  
t h e  model region.  No c o r r e c t i o n s  f o r  tv.~n.el.-a.a11 i n t e r f e r e n c e  have 
been app l i ed  t o  t hese  d a t a ,  A t  a Each number of 0.94, t h ~  c a l c u l a t e d  
w a l l  co r r ec t ion ,  t o  t h e  1,Yach nurnbsr and dyliamic prossure according 
t o  r e f e r e n c e s  7 to  10, would be abovt  2,i) percent  c t  l a r g e  2ngles  of 
a t t a c k  and a b o ~ i t  l , 9  percent  a t  smal.1 anqles .  A t  EL Mach number 
of 0,3 t h e  t u rne l -wa l l  c o r r e c t i o n  would bz about  1,5 percent  f o r  
l a r g e  ang le s  of a t t a c k  and 1,O percent  f o r  s m ~ ~ l l  angles .  

Correc t ions  t o  t h e  angle  of a t t a c k  ur5se  fronl two sources and 
a r e  a l g e b r a f c a l l y  add i t i ve :  ( 1 )  from t u n n e l  w a l l  and, ( 2 )  from 
d e f l e c t i o n  of t h e  model under load, The angle-of-at tack tunnel-  
w a l l  c o r r e c t i o n  i n  degrces a t  a fdach m b e r  of 0.94, would be 9 per- 
c e n t  of t h e  l i f t  c o e f f i c i e n t ,  

Incomplete measurements have i n d i c a t e d  t h a t  aerodynamic loads 
caused a bcndirrg of t h e  s t i n g  approximately i n  pnlaportion t o  t h e '  lift 
load involvedr  The maximum average angle of a t t a c k  inc rease  was 
approximately 0.7' a t  l i f t  c o e f f i e i e n t s  on t h e  order  of : ) ,TO a t  
a  Mach numbor of 0.94, Bowever, a t  s a a l l  ang le s  of a t t a c k  throughout 
the speed range t e s t e d  t h e  e r r o r  becomes i n s i g n i f i c a n t ,  and it i s  i n  
t h i s  r e g i o n  of small  lift c o e f f i c i e n t s  t h & t  most of t he  information 
i s  dos i red ,  

Table I i s  a  l i s t  of' a l l  t h e  configurations t e s t e d  n i t h  t he  
f i g u r e  number and d a t a  presented  fo r  each conf igura t ion .  The 
average Reynolds numbers based on t h e  mean aerodynamic chord of the  
wings f o ~  t h i s  t e s t  a r e  given i n  f fgu ra  8 a s  a func t ion  o f  Mach number, 
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Figures  9 through 12 show t h e  v a r i a t i o n  of l i f t  c o e f f i c i e n t  
w i t h  I k c h  number f o r  va r ious  ang le s  of a t t a c k  f o r  a l l  t h e  coilfigu- 
r a t i o n s  t e s t e d .  A conlparison of  t h e  v a r i a t i o n  of l i f t  c o e f f i c t e n t  
w i t h  Naclr nwnber f o r  s e v e r a l  complete configura- t ions and t h e  wing 
of r e f e rence  1 ( a s c e o t  r a t i o  = 9) i s  presented i n  f i g u r e  13. The 
r e s u l t s  of f i g u r e  13 a r e  f o r  a n g l e s  of a t t a c k  corresponding t o  -hvo 
va lues  of low-speed l i f t  c o e f f i c i e n t  which mere se l ec t ed  t o  r e p r e s e n t  
a high-speed and a  g radaa l  pu l l -out  condi t ion .  The s looes  of t h e  
l i f t  curves dCT,/da f o r  s e v e r a l  complete covlfig~arstiafis a r e  shown 
i n  f i g u r e  4. The s lopes  f o r  each  >;k?.ch number a e r e  found a t  t h e  two 
va lues  of l i f t  c o e f f i c i e n t  r equ i r ed  t o r  l e v e l  f l i g h t  a-t sea l e v e l  
a2d 35,000 f e e t  altitI...de a s  shown i.n f i g u r e  15. The wing loading 
was asswr,ed t o  be 53.7 po~fiils per  square foo t ,  t h e  des ign  loading 
of t h e  D-558-1 a t  t he  s t a r t  of a  lii gh-speed f l i g l i t  run,  The angle  
of  a t t a c k  f o r  a l i f t  c o e f f i c i e n t  of zero i s  presented i n  f i g u r e  16 
f o r  v a r i o u s  conf igura t ions .  

The v a r i a t j o n  of d rag  c o e f f i c i e n t  w i t h  Xach nurnber i s  presented 
i n  f i g u r e  17 f o r  s eve ra l  wi rg  and t a i l  conf igura t ions ,  These 
conf igu ra t ions  include t h e  D-558-1 w i t h  and i ~ i t h o u t  t hc  horizonkal  
t a i l ;  t h e  model w i t h  t h e  o r i g i n a l  wing, l ow-aspec t - r~%io  t a i l ,  and 
o r i g i n a l  f i n :  and t h e  complete swept-back model. Figure 1.8 
p r e s e n t s  t h e  d rag  r e s u l t s  i n  po la r  fcrm GI, ve r sus  Cg f o r  t h e  
complate o r i g i n a l  (D-558-1) and t h e  complete swept -kck  ~ o n f i g u r a t i o n s ~  
From t h e  po la r  p l o t s ,  t h e  d r a g  c o e f f i c i e n t s  a t  l i f t  c o e f f i c i e ~ i t s  of 0 .1 
and 0 ,4  were obtained and a r e  shorn i n  f i g u r e  19 a s  a func t ion  of 
Mach number, Data from re fe rence  1 a r e  a l s o  iiicluded f o r  oom~ar i son ,  

The v a r i a t i o n  of l i f t - d r a g  r a t i o  w l t h  l i f t  c o e f f i c i e 2 t  i s  
shovix i n  f i g u r e  20 a t  two Mach numbers f o r  t h e  D-552-1 and t he  complete 
swept-back conf igura t ion ,  Figure 21 p r e s e n t s  t h s  maximum 1if.t-drag 
r a t i o  a s  a func t ion  of Idach r m b e r .  

D-558-1.- The r e s u l t s  of l i f t  rneasuremeiits on t h e  3-558-1 model 
( f i g . m i c a t e  a l a rge  improvement i n  t!?e high- speed l i f t  cl.laracter- 
i s t i c s  i n  comparison w i t h  more convent ional  a i r c r a f t ,  A t  a  l eve l -  
f l i g h t  l i f t  c o e f f i c i e n t  of 0.1, f o r  oxanp,le, t he  l i f t  c o e f f i c i e n t  
begins  t o  drop a t  a  Nach number of Qe85. A s  t h i s  i s  thc  design 
Mach number, t h e  important requirement  of hav3.ng no  f c r ~ e  break occur 
up t o  t he  des ign  speed i s  s a . t i s f i ed ,  Fol1.o~ding t h e  f o r c e  break, t he  
l i f t  dec reases  t o  a. Mach number of OB91 and then  i n s r e a s e s  almost  t o  
i t s  pre-force break va lue  a t  t h e  h.ighes-l; t e s t  &Tach kmber ,  ~ . g l & ,  
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The magnitude of t h i s  l i f t  l o s s  i s  about  50 percent  smaller  than  t h e  
l o s s  w i t h  t h e  wing of r e f e rence  1. The wing of r e f e rence  1 had t h e  
sane th i ckness  and a 0 .1  g r e a t e r  d e s i g ~  l i f t  coe f f i c i e r l t  than t h e  
D-558-1 wing, b u t  t h e  a s p e c t  r a t i o  was 9,O as compared t o  b.2 f o r  
t h e  D-558-1, Thsref ore ,  t h e  i n c r e a s e  i n  force-  break Mach nwnber 
as we19 as t h e  l e s sen ing  i n  t h e  s e v e r i t y  of t h e  lift l o s s  a f t e r  
f o r c e  break i s  p r i n c i p a l l y  t h e  r e s u l t  of lowar wing a s p e c t  r a t i o .  
Reference 2 r e s u l t s  i n d i c a t e  s i m i l a r  improvements fo r  t h e  cmue 
amount of r educ t ion  i n  a spec t  r a t i o ,  

The s lope of the  l i f t  curve dCL/da of t h e  D-558-x a t  1011 

speeds shows good agreement wikh a s p e c t - r a t i o  theory  of r e f e rence  7. 
However, w i t h  i nc rease  i n  Mach nunbe;. t h e  a s p e c t - r a t i o  theory  g ives  
s l i g h t l y  lower v a l u e s  of d ~ v d a .  (Sea fjg. 14,) The t e s t  r e s u l t s  
i n d i c a t e  t h e  increaso  i n  t h e  s lope  w i t h  Nach nuaber i s  sl.ov~er and the  
r educ t ion  fo l lowing  the  force  brdak i s  small.er than  f o r  t he  tying 
of r e f e rence  1. Tl?ese var ' iatiorls wi th  bkch rii~mbcjr tzs we11 a s  t h e  
de l ay  i n  t h e  inc rease  of t h e  angle  of zero  l i f t  a r e  due p r i n c i p a l l y  
t o  t h e  reduced a s p e c t  r a t i o ,  

I 

Tliose l o n g i t u d i n a l - s t a b i l i t y  d i f f  icul:ties wh3 ch  a r i s e  from los ses  
i n  wing l i f t  a-t s u p e r c r i t i c a l  speeds w i l l  be delayed ufid reduced 
w i t h  the  D-558-1 because of t h e  lessel-iing of t ho  l i f t  l o s s  f o l l ~ w i i i g  
f o r c e  break, Some adverse e f f e c t s ,  however, vri 11 probably take 
p lace  beyond a Mach number of 0,85 due t o  'ihe mnount of l i f t  l o s s  
which does occur. The e f f e c t s  of  t h e  va r ious  t a i l s  t e s t e d  on the  
high-speed l i f t  c h a r a c t e r i s t i c s  a r e  i n  gene ra l  negl iglbl-e ,  
( s e e  f i g ,  9 e )  

Wing and t a i l  plan-form mcdi f ica t ions , -  The 35' s l~ept-back,  - --- --I)- 3 5 O  swept.-for.nwd, and low-aspect-rat io  [Z,O) corzf'iguration s  a l l  
have l i f t  b reaks  a t  lfach numbers on t h e  order  of 0.91 at; l i f t  
c o e f f i c i e n t s  of 0.1. (See f i g s ,  10 t o  12.) The changes i n  l i f t  
fol lotving the  breaks  a r e  l e s s  severe and t h e  lo s ses ,  p a r t i c u l a r l y  
a t  h igh  angles ,  a r e  rnuch smal le r  t h a n  f o r  t h e  D-558-1. As i nd i ca t ed  
by these  data., t h e  D-558-2 should n o t  experience l i f t  d i f f i c u l t i e s  
i n  l e v e l  f l i g h t  t o  a Mach numker of O e 3 1  i f  any of t h e  wing a d  t a i l  
con f igu ra t ions  shown i n  f i g u r e s  4,. 5, and 6 aye used, 

The s lopes  of t he  l j - f t  curves sliovm i n  f igu -e  14 do n o t  have 
severe f o r c e  breaks through a  Bdach nurriber of 0,9. The sxept-back 
and mvept-f orvv%sd aonf i g u r a t i o n s  have va lues  of dCL/da s imi l a r  t o  
t h a t  o f  t h e  G-558-1 a t  low speeds, The lov~-c<,spect-ratio wing 
conf igu ra t ion  has a  va lue  of the  s lope of t h e  l i f t  curve of 0,052 
a t  low speeds or 6% percent  of t h a t  of t h e  D-558-1. This  low-speed 

. sfope i s  i n  c l o s e  agreement w i t h  low-as2ect-rat io  theory  a t  lov~ 
Mach numbers. The r i s e  i n  dCL/da x i t h  E ich  nux~ber i s  ve ry  gradual  
f o r  t h e  low-aspect-rat io  model. The angle of a t t a c k  f o r  a l i f t  
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c o e f f i c i e n t  of  zero  f o r  all t h e  modi f ica t ions  is about  -1.70 w i t h  a 
s~larxli r i s e  i n  t h e  angle  s t a r t i n g  a t  a &Tach number of 0,90. (See 
f ig .  16*)  

Thus, it has  been s h m  t h a t  by changes i n  wing p lan  form from 
t h a t  used on t h e  D-558-1 t h e  high-speed l i f t  c h a r a c t e r i s t i c s  kave been 
g r e a t l y  improved. Therefore, it i s  reasonable  t o  expec t  t h a t  t h e  
pitching-monent, which i s  dependent on t h e  wing r e t a i n i n g  i t s  l i f t ,  
prat:a,blg w i l l  show a l s o  some inlpromment ehrough a Mach number of 019 
when low-aspect-rat io  or  swept wings a r e  usedo 

Drag 

D-558-1.- The drag  c o e f f i c i e n t  begins t o  r i s e  a t  a Xach number 
of 0.- lift c o e f f i c i e n t  of 0,1, ( s e e  f i g .  19.) This  force-  
break Mach nuztber i s  higher  t h a n  t h a t  of my airplane m n d e h j i t h  a n  
uns i ep t  wing which p rev ious ly  has been t e s t e d ,  I n  t h e  s tudy of t h e  
e f f e c t s  of a spec t  r a t i o  on t h e  inc rease  of t he  BiIacC  umber a t  which 
t h e  drag  r i s e s ,  re fe rence  2, it i s  i n d i c a t e d  t h a t  a r educ t ion  i n  
a spec t  r a t i o  f o r  a wing a lone  not  on ly  inc reases  t he  va lue  of Mach 
number a t  t h e  f o r c e  break b u t  a l s o  reduces  the  r a t e  of drag r i s e  
fol lowing t h e  f o r c e  breakp In t h e  t e s t s  of  t h e  D-558-1 t h e  r a t e  of 
d rag  inc rease  i s  about. t h e  Sam3 a s  w i t h  convent ional  a i r c r a f t .  The 
e f f e c t s  of t a i l  p lan  forms t e s t e d  on t h e  high-speed d r a g  c  h s rac t e r -  
i s t i c s  of t h e  D-558-1 a r e  n e g l i g i b l e  a s  seen  from f i g u r e  17, 

Y?ing and ,bi 1 plan-f oi-m modif ica t ion ,  - The 35' swept -back x i n g  --- LIIU--- 

and t a i l  con f igu ra t ion  has a g r e a t l y  delayed drag  f o r c e  break i n  
comparison w i t h  t h e  D-558-1. (see f i g .  19,) A t  a l i f t  c o e f f i c i e n t  
of 0.1, t h e  force-break Mach nanber ' i s  j u s t  d i s c e r n i b l e  at  t h e  h ighes t  
Mach n u b e y  t e s t e d ,  Oe91. A t  higher  l i f t  c o e f f i c i e n t s ,  0.4 f a r  
example, t h e  d rag  fo rce  break occurs w i t h i n  t h e  t e s t  speed range, and 
t h e  r a t e  o f  t h e  drag  r i -se  a f t e r  fo rce  break appears  t o  be smal le r  
t h a n  f o r  t h e  D-558-1. The inc rease  i n  f o r c e  b ~ e ~ k ,  a t  a l i f t  coef- 
c i e n t  of 001, is about  55 percent  of t h e  inc rease  -predicted by t h e  
use af t h e  t h e o r e t i c a l  co r r ec t ion  (A i s  t he  sweepback angle  

of t h e  wing), The fuse lage  and fuse lage  i n t e r f e r e n c e  e f f e c t s  a r e  
t h e  probable cause f o r  t h e  inc rease  n o t  checking t h e  theory.  However, 
t h e  d e l a y  obtained i s  i n  agreement w i t h  o the r  t e s t  r e s u l t s .  Reference 5 
shows a n  i n c r e a s e  i n  f orce-break Mach number gained by 35' of sweep 
(25-percent  chord) of t h e  same magnitude as a t t a i n e d  i n  t h e s e  t e s t s o  
In both cases ,  t h e  a s ~ e c t  r a t i o  was heid cons t an t  f o r  t h e  unswept 
and swept wings. 

The swept-back conf igura t ion ,  t he re fo re ,  has  v t l s t ly  i m p r o ~ e d  
d r a g  character is- l ; ics  i n  th.e liigliest t e s t  Mach u m b e r  range. A t  

I 
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Mach numbers between 0.91 and 2.0 ( t h e  des ign  speed f o r  t h e  D-558-2), 
some r i s e  in  d rag  c o e f f i c i e n t  w i l l  probably occur, bu t  it i s  n o t  
known from t h e s e  t e s t s  how severe t h i s  r i s e  w i l l  be,  

Lift- rag R a t i o  

k s i zeab le  r educ t ion  i n  l i f t - d r a g  r a t i o  f o r  t he  D556-1  i s  
i n d i c a t e d  a t  t h e  des ign  l i f t  c o e f f i c i e n t  (on  t h e  order  of 0.1) from 
low speeds up t o  t h e  des ign  Mach number of 0,85. {$ee f i g .  20.) 
The &/D value  i s  approximately 40 percent  l e s s  a t  a @rich number 
of 0.85 than  the  value of 4.3 a t  a  I J&c~  number of' 0.40. fit a 
Mach number of  0.90 t h e  L/D value i s  about  fO parcent  l e s s  t han  a t  
a IJach number of 0 ~ 4 0 .  Thus a l a r p  t h r u s t  power i s  i nd ica t ed  f o r  
f l i g h t  a t  Mach numbers of 0.85 and above. The l i f t - d r a g  r a t i o  Tor 
t h e  swep*back conf igu ra t ion  a t  any l i f t  c o e f f i c i e n t  renzciins about 
t h e  same f o r  a l l  Mach numbers through the h ighes t  speed. t e s t s d .  A 
much higher  Mach number w i l l  t!ius h s  poss ib l e  w i th  these  eon f igu ra t ions  
than  for  t h e  D-558-1 f r o n  the s tandpoin t  of power requi red .  

The maximum l i f t - d r a g  r a t i o  f o r  t h e  D-558-1, f i g u r e  21, i s  
about  12  up t o  a  Mach number o f  O,75. A t  t h i s  p o i n t  t hc  value 
begins decreas ing  t o  4.5 at  a  Yach ~lvrnber of 0.85, The ~naximum 
l i f t - d r a g  r a t i o  f o r  t h e  swepBhack conf igura t ion  i s  the  same va lue  
as t h e  D-558-1 a t  low speeds. 130~-ever, i n  t h i s  case t h e  value i s  
maintained out  t o  a Mach number of 0.82 before a small  r educ t ion  
occurs  t o  a  va lue  of' 10 a t  a Mach number of O,9 .  

Concluding Remarks 

On the  b a s i s  of  Langley 8- foot  high-speed tunne l  t e s t s  of 
the D-558-1 model through a  Nach number of 0~94 f o r  l i f t  and 0.91 
f o r  drag,  t h e  fo l lowing  conclus ions  have hbfjen made: 

lo The a i r p l a n e  w i l l  have s a t l a f a c t o r y  lift and drag  charac te r -  
i s t i c s  through i t s  des ign  Maah number of 0,85, 

2, The l i f t  force  break ocours a t  a Mach number of 0,05 a t  
a l i f t  c o e f f i c i e n t  of 0.1, w i t h  r e l a t i v e l y  s~nall l o s s  fo l lowing  
t h e  f o r c e  break,  A t  a  Mach number of 0~94,  the  1if . t  c o e f f i c i e n t  i s  
a h o s t  a t  i t s  p re- force  break va lue ,  

3. The drag  fo rce  break a t  a l i f t  c o e f f i c i e n t  of 0.1 occurs  
a t  a Mach number of 0,82. 

4. The l i f t - d r a g  r a t i o  L/D a t  a l i f t  c o e f f i c i e n t  of O e  1 
i s  b0 percent  l e s s  a t  t h e  des ign  Mach humber of 0.65 t h m  sit a 
Mach number of 0 ~ 4 0 ,  

CONFIDEMTIAL 
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5. The camparatively h igh  force-break Mach riwnbers r e s u l t  
pr i ' rk ipa l ly  from the  use of  a wing whose aspect  r a t i o  (4,2) i s  
lower than those i n  c u r r e n t  use, 

Tes ts  of var ious  wing and t a i l  p l an  forins intended f o r  poss ib le  
use on the  D-558-2 a i rp lane  have y ie lded  the following: 

1. The 35' swepG.back conf igura t ion  appears -to have no pronounced 
l i f t  o r .  drag  fo rce  break up t o  a Each number of 0.91 a t  a l i f t  
c o e f f i c i e n t  of 0.1, 

2, The 35' swept-back conf igura t ion  i n d i c a t e s  no s izeable  change 
i n  L/D f o r  any l i f t  c o e f f i o i e n t s  throughout t h e  M ~ c h  nufiber range 
t e s t ed .  

3 .  The 35°swept-forviasd wing has a11 e f f e c t ,  s imi l a r  t o  the  
sweptl.backwiag, of inc reas ing  t h e  l i f t  force-breok Mach number 
t o  about  0.91 and reducing t h e  amount of l i f t  l o s s  following. No 
d rag  r e s u l t s  a r e  ava i l ab le  f o r  t h i s  conf igura t ion  a t  t h i s  time. 

L4e The e f f e a t  of using a low-aspect-ratio (2.0), no.-sweep 
conf igura t ion  was t o  increase  the  l i f t  force-break Mach mmlber t o  
about 0.91 w i t h  a small  l o s s  t h e r e a f t e r *  110 drag  r e s u l t s  a re  
a v a i l a b l e  f o r  t h i s  cozlfiguration a t  t h i s  t i m e .  

5. Insofar  a s  l i f t  and drag c h a r a c t e r i s t i c s  a r e  concerned 
l e v e l  f1igh.t a t  speeds approaching t h e  v e l o c i t y  of sound appears  
p r a c t i c a l  if swept or  low-aspect-ratio conf igura t ions  s imi la r  t o  
those t e s t e d  a r e  used, 
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t s i L  and o r i g i c a l  f i n  1 

Tkiing L-:? 1 :LCA 65-213; A t 9 
(roferencc? 1) i 

I 
Complete or iginal .  10,lt t o  0,925 

-- .? __ _ _ -  _--_-.... 

IJATIORAL ADTTZSORY 
COIiQhITTEE FOR AERONAUTICS 
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TABLE I.- Continued 

L I S T  OF F I G U R E S  AND COT~PIGURATIONS - Continued 

Contents  I 
I 

Configurat ion / Ma;tn;mb@r 1 
I 

wing, 
low-aspec-t-ratio t a i l ,  
and o r i g i n a l  f i n  

------do------- 1 Complete swept back 
I I 
I 

------do ------- &~:epD.forward wing, / t a i l ,  and o r i g i n a l  fin 

CL ve r sus  M 

= 0 verew M 

CD ve r sus  

Level f l i g h t  l i f t  coef- 
f i c i e n t s  r equ i r ed  a t  
sea l e v e l  and 35, OGO ft 
a l , t i t ~ z d e  f o r  a wing 
loading of 53.9 powids 
per square f o o t  

Complete c r i g i n d  (D-55~-?)/  0.4 t o  0.94 
Cornplete swe3-t back 
Low-aspect-rctio wing, 

low-aspec t - ra t io  tai 1, 
and o r i g i n a l  f i n  

Snrey'i-if'crr~vard wing, o r i  g in  
t a i l  and o r i g i n e l  Pin 

Wing 3JACA 65-210; A = 9 
( r e fe rence  1) I 

O r i g i n a l  wing and o r i g i n a l  0,4 t o  0,9 
fill I 

Orig ina l  wing, low-- 
a s p e c t - r a t i o  t a i  1, 
and o r i g i n a l  f i n  

Or ig ina l  wing, o r i g i n a l  
t a i l ,  and o r i g i n a l  
f i n  ( ~ - 5 5 6 - ~ )  

/S'~uept-be+ckwing, swep-tkbeok 0.4 to 0.91 1 
1 
i t a i l ,  and swept-back f i n ,  1 *-- 

0,4 t o  0.9 

I 

RATIONAL ADVI SORY 
COWBIYT'EE FOR AF3ONAUTICS 
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TABLE I. - Concluded 

Figure r:: 
LIST OF FIGURES AND CONFIGWTIONS - Concluded 

Contents Configurat ion 

CL ve r sus  CD 

Cg ve rcos  M, C L  z ~ . h / ~ o m ~ l e t e  or ig i r la l  (D-558-!), 0.4 t o  0.91 
C O I I I F ~ C ~ ~  swept back, and 
win? wice 65-210, A = 9 
( reference  1) 

Complete o r ig in8  1 
( D-558- 1) and comple.i;e 
swept' back  

CD ve r sus  M, C L  = 0 , l  

0.4 

L/D v e r s u s  CL Complzte origint:l (D-558-1) 0 ~ 4  t o  0,9 
and corn-plete ~ - ~ v e p t  back 1 I 

I 
1 L/&&, ve r sus  M ic0mpl.r. o r i g i n a l  (D-558-1) I 0 . i  t o  0.9 1 .  
I and complete s : . ~ p t  back 1 
I r - v l v l - . m - I - - -  ------- ---.-=- L- 

RATSTCikL ADVI SOR'Y 
C O&NI TTEE F9R liD? O3TAUTIC S 
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HATI ONAL ADTI SGRY 
COI~PLITTEE FGR AERONAC'TICS 

T A P L 8  I1 

I. 
WING AND TAIL D I M L i S I O I ~ S  OF 1;-.--SC4iJE ?JOBEL 

16 

------l 

Swept 1 
forward / 

t ------- 
651-110 

4*17 
1.85 

18.76 
0 e 587 

4.656 
2.00 
4 . 0 ~  

- 3 5 O  
5 094 
3 -20 

-- 
Zow a s ~ e c - t  

r a t l o  

lying s e c t i o n  6 5 - 1 0  
King aspec t  r a t i o  2.00 
Wing t a p e r  r a t i o  ~ 8 5  l ,85  1.85 
'blTing span, i r l r  lS,76 18.75 13.00 
Wing area ,  sq f t  0,587 0,587 0 0 587 
Wing mean aeleodynamic chord, 

in ,  1 4.-656, i 
Wing incidence angle 2,0° 
Fing d ihedra l  L O O 0  
.1T. Ling sweep angle 

(50-per cen t chord) f 0 0 

percent  moan aerodynrmic 
ohord po in t  from nose - 
inl,e% s%at ian ,  in.  

Teil secGion 
T a i f  aspect  r a t i o  
T a i l  t a p e r  r a t i o  
T a i l  swirl, i n c  
T a i l  area,  sq ft 
T a i l  d ihedra l  
T a i l  mveep angle 

(50-percent chord) 
Elevator  area,  percent  of 

t a i l  area 
- 1 

Wing r o o t  chord f 5,f:8 
n ing  t i p  chord f 3u i7  

I 
Longitudinal l o c a t i o n  of 25- 1 

so 9fir. 
3,20 

F .!A 
14 . 55 
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Fiyure 5 .- Draw/i7q of? H a  sw/e  D-55t3 mode/ 
with swe t / 2 , r ~ r d  wih9,0~;7/ 'ke/ fo/'/, ufld 
or~+;rircr/ PA 0s in the L~r)+ey B - f o o ~  
hi@-speed +unfle/. A / /  d i m e m s i o m s  in inches. 
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Figure 6 .- Drcaw,i.rg oC 96 scu/e 0-558 mode/ 
w/jh /~w-u-t-r~t /b winq, /o w--sped-rrrIL/o h/'/J 
ofid om'qine/ &it US *sfr?d /icr lLhe L~hq/e  y 
a--#&;P hiqh -weed +errs/ AN d/imerraio~rj 
inches. 
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Normal Run 

Tare Run A 

Tare Run B 

Balance Ring Measures 

Model force 
Sting force 
Interference of sting on model 
Interference of model on- at ing  

Model forae-v' 
Sting force 
Tare-arm forcer- 
Guy-wire force f' 
Mutual Interference of model and a k v -  
Interference of s t i n g  on model 
Interfereme of model on sting 

Tare Run A-Tare Run B - Sting force 
Interference of s t i n g  on m d s l  
Interferenca of model on sting 

NATIONAL ADVISORY 
COHWITTEE FOR AERONAUTICS 

Figure 7.- Tare setups and evaluation technique - 
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