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The d e e p  s t a l l  c h a r a c t e r i s t i c s  o f  t h e  MU-300 Diamond a i r c r a f t  

FAA i n  1 9 8 1 ,  a n d  f r o m  C a n a d a ,  West Germany,  a n d  E n g l a n d  i n  
1 9 8 3 ,  a n d  h a s  a c h i e v e d  a h i g h  a n g l e  of  a t t a c k .  T h 4  a e r o -  
d y n a m i c  d e s i g n ,  s t r u c t u r a l  d i m e n s i o n ,  a n d  f l i g h t - - t e s t  o f  t h e  
MU-300 a r e  d e s c r i b e d .  

. a r e  d e s c r i b e d .  The MU-300 o b t a i n e d  t y p e  c e r t i f i c a t i o n  from 
. 



1. 1NTKOL)UC'I'ION 

S i n c e  Nu-300 D I A M O N U  1 was g i v e n  a model  c e r t i f i c a t i o n  b y  

F A A  i n  dovember  1 4 b 1 ,  t h e  a i r c r a f t  was g i v e n  t h e  s i m i l a r  

c e r t i f i c a t i o n  from C a n a d a ,  \Jest Germany and  Great  B r i t a i n  i n  

1983.  As f o r  t h e  mass p r o d u c t i o n  model  o f  t h e  same t y p e  

a i r c r a f t ,  f i f t y  e i g h t  a i r p l a n e s  o f  t h i s  model  h a v e  b e e n  

d e l i v e r e d .  b ' i i g h t  c h a r a c t e r i s t i c s  o f  NU-300 h a v e  b e e n  h i g h l y  

p r a i s e d  t h r o u g h  these  a i r p l a n e s . ( . l ) ( 2 )  i ) n e  o f  t h e  k e y s  w h i c h  

e n a b l e d  t h e  s u p e r i o r  f l i g h t  c h a r a c t e r i s t i c s  o f  PIU-LOO i s  t h e  

p lacer r ien t  o f  t h e  e n g i n e  a t  t n e  rear p a r t  o f  t h e  f i i s e l a g e  w n i c h  

p e r r n i t t e c l  t h e  p l a c e n i e n t  o f  t h e  ma in  w i n g s  and t a i l  w i n g s  

w i t h i n  t h e  area o f  t h e  c l e a n  a i r  f l o w  u n d e r  t h e  t iornial  f l i g h t  

r a n g e  t h r o u g h  the a r r a n g e m e n t  o f  t h e  ' I - t a i l  w i n g s .  S i n c e  t h e  

1 3 4 C - 1 1 1  a c c i d e n t ,  low w i n g s ,  r e a r  e n g i n e  p l a c e m e n t  a n d  

a r r a n g e m e n t  o f  t n e  T - t a i l  w ings  a r e  s a i d  t o  b e  somewhat  

r e l a t e d  t o  t n e  c a u s e  of  t h e  d e e p  s t a l l .  A c c o r d i n g l y ,  many  

a j  r c r a f t  mode l s  w n i c n  a d o p t e c  t n e  a b o v e  d e s i g n  c h a r a c t e r i s t i c s  

a r e  e q u i p p e d  w i t h  a s t i c k  p u s n e r  i n  o r d e r  t o  c o p e  w i t h  t h e  

p r o b l e m  o f  d e e p  s t a l l .  P 1 U - L O U  was s u c c e s s f u l  i n  m a i n t a i n i n g  a 

l a r g e  m a r g i n  toward  d e e p  s t a l l .  L ' h e r e f o r e ,  a d e q u a t e  s t a l  1 

cha rac t e r i s t i c s  a s  w e l l  a s  t h e  c h a r a c t e r i s t i c s  o f  h i g n  a n g l e  

o f  e l e v a t i o n  h a v e  been  a c c o m p l i s h e d  w i t h o u t  t h e  i n s t a l l m e n t  o f  

a s t i c k  p u s h e r .  

2 . L, EEP S'TALL 
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Deep s t a l l  a l s o  known a s  s u p e r  s t a l l  o r  s t a b l e  s t a l l  

( l o c k e d  i n  d e e p  s t a l l )  i s  a phenomenon t h a t  i s  l i k e l y  t o  b e  

e x p e r i e n c e d  by t h e  t ype  o f  a i r c r a f t  t h a t  i s  c h a r a c t e r i z e d  by 

low w i n g s ,  e n g i n e  p l a c e m e n t  a t  t h e  r e a r  o f  t h e  f u s e l a g e  and  

a r r a n g e m e n t  o f  t h e  T - t a i l  w i n g s .  I t  i s  t h e  phenomenon i n  

w h i c h  r e c o v e r y  f rom t n e  s t a l l e d  c o n d i t i o n  w i t h i n  t h e  s t a l l  

a n g l e  f a r  e x c e e d i n g  t h e  no rma l  s t a l l  a n g l e  ( d % 3 5  t o  40 

d e g r e e s )  becomes i m p o s s i b l e .  The c o n d i t i o n  o f  t h e  l o c k  i n  

d e e p  s t a l l  i s  snown i n  F i g .  1. I f  t h e  f l i g h t  c o n d i t i o n  

e x c e e d s  t h e  s t a t e  o f  a n  o r d i n a r y  s t a l l  a n a  e n t e r s  t h e  s t a t e  o f  

d e e p  s t a l l ,  t h e n  a r a n g e  c n a r a c t e r i z e d  by Cm > 0 i s  d e v e l o p e d  

a t  tne h igh  ( e l e v a t i o n )  a n g l e  r a n g e ,  a n d  a s e c o n d a r y  s t a b i l i t y  

( e l e v a t i o n )  a n g l e  i s  d e v e l o p e d  making  t h e  s t a l l  c o n d i t i o n  

u n r e c c v e r a b l e  e v e n  i f  t n e  p i l o t  p u s h e s  t n e  e l e v a t o r  a l l  t h e  

way towards  the n o s e  down d i r e c t i o n .  Air dynar! l ics  r e l a t e a  

r e a s o n s  f o r  t h e  cieep s t a l l  a r e  a s  f o l l o w s .  I 'he h o r i z o n t a i  

t a i l  wings become p o s i t i o n e d  w i t h i n  t h e  r e a r  f i o w  o f  t h e  

exfcliated :;;aiE wir,gs and t h c  r a s e l l e  2 s  shcwi: i:; F i z .  2 a t  

t h e  t i m e  o f  h i g h  ( e l e v a t i o n )  a n g l e ,  and  trie e f f e c t  o f  t n e  

h o r i z o n t a l  t a i l  w i n g s  and t n e  e l e v a t o r  becor:es  r e d u c e d  t o  

a p p r o x i m a t e l y  1/10 o f  t h a t  o f  t h e  ricirniai f l i g h t  c r e a t i n g  t h e  

c o n d i t i o n  c h a r a c t e r i z e d  by Cni > C) a s  siiown i n  r'ig. 5. 

Exarnpies  o f  a c c i d e n t s  c a u s e d  b y  t h e  d e e p  s t a l l  a r e  many 

i n c l u d i n g  t n e  w i d e l y  known KAC-lii. ( 4 )  Not t o o  l o n g  a g o ,  a 

C h a l l e n g e r  b e l o n g i n g  t o  t h e  Ca i i aa i a  Company was i n v u l v e u  i n  a 



d e e p  s t a l l  r e L a t e d  a c c i d e n t  d u r i n g  a t e s t  f l i g h t .  ( 5 )  I n  many 

o f  t h e  a i r c r a f t  m o d e l s  WnjCn have  p o o r  d e e p  s t a l l  

c h a r a c t e r i s t i c s ,  a t t e m p t s  a r e  b e i n g  made t o  a v o i d  t h e  

c o n d i t i o n  o f  d e e p  s t a l l  b y  e q u i p p i n g  these a i r c r a f t  w i t h  a 

s t i c k  p u s h e r  a s  rr ient ioned e a r l i e r .  Yet,  t h e r e  a r e  r e p o r t s  o f  

d e e p  s t a l l  r e l a t e d  a c c i d e n t s  d u r i n g  t n e  s t a l l  t e s t  among t n o s e  

a i r p l a n e s  wh ich  a r e  e q u i p p e d  w i t h  s u c h  a d e v i c e .  ( 6 )  rhere  

a r e  i n s t a n c e s  w h e r e  s u c c e s s f u l  recoLrery f rom t n e  d e e p  s t a l l  

r a n g e  h a s  b e e n  made t h r o u g h  t n e  r e - d e s i g n  o f  t n e  t a i l  w i n g s  

n e c e s s i t a t e d  by  deep  s t a l l  r e l a t e d  a c c i d e n t s  o f  t h e  t e s t  mode l  

o r  o t h e r s .  Deep s t a l l  c h a r a c t e r i s t i c s  w h i c h  a re  ex t r eme ly  

i m p o r t a n t  f rom t h e  s t a n d p o i n t  o f  t h e  a i r c r a f t  s a f e t y  a r e  

c o n s i d e r e d  t o  be some of  t h e  mcst  i m p o r t a n t  items i n  t h e  

d e  t e rim i n  a t i o n  o f t he  a i r c r a f t con f i g  u ra t i o n  . 

3 .  I)ESIGN Or' 41K DYNAEIICS A N D  A 1 K  T U N N E L  I'ES'I' 

Some o f  t h e  cc>nce rns  i n  tne o r i g i l i a l  d e s i g n  o f  i.iU-3UO 

c h z r a s t e r i z e d  by t h e  placener!? c f  t h e  e n g i n e  z t  t h e  r e a r  o f  

t ne  f u s e l a g e ,  low wings  and t h e  a r r a n g e m e n t  o f  t h e  I T - t a i l  

w i n g s  i n c l u d e  (1)  rioise l e v e l  o f  t h e  p a s s e n g e r  c o m p a r t i u e n t ,  

( 2 )  e n g i n e  a i r  i n t a k e  c h a r a c t e r i s t i c s ,  ( 3 )  c o n v e n i e n c e  i n  

e m b a r k a t i o n  anc! d i s e i i i b a r k a t i o n ,  ( 4 )  c o n v e n i e n c e  c>f f u e l  

s e r v i c e ,  ( 5 )  s t y l i n g  and o t h e r s .  A c c b r d i n g  t n  t h e  b a s i c  

s t y l i n g  o f  t h e  a i r c r a f t ,  d e e p  s t a l l  c h a r a c t e r i s t i c s  h a v e  been 

p u t  i n t e  c e n s i d e r a t i o n .  A c c o r d i n g l y ,  t h e  w ing  s p a n  o f  t h e  

4 



h o r i z o n t a l  t a i l  was made l a r g e r  t h a n  a v e r a g e .  

H i g h  ( e l e v a t i o n )  a n g l e  c h a r a c t e r i s t i c s  h a v e  b e e n  p u t  i n  

c o n s i d e r a t i o n  i n  the  d i s c u s s i i j n  o f  the s h a p e  Gf t h e  a i r c r a f t  

f rom t n e  b e g i n n i n g  o f  t h e  a i r  t u n n e l  t e s t .  Une o f  t h e  

q u e s t i o n s  t h a t  n e e d s  t o  b e  a n s w e r e d  a t  t n e  time of a e s i g n i n g  

t h e  a i r c r a f t  i s  t n e  d e t e r m i n a t i o n  o f  t n e  p e a k  f i g u r e  o f  Cm o f  

Crn v s  a l p n a  c u r v e  i n  h i g h  ( e l e v a t i o n )  a n g l e .  ilased on t h e  

d i s c u s s i o r i  o n  t h e  r e s u l t  o f  t h e  s i m u l a t i o n  t e s t  b y  NASA ( I )  

whicn  s t a t e s  t h a t  " t h e  o n l y  i m p o r t a n t  t h i n g  i s  t h e  f a c t  t h a t  

t h e  p e a k  f i g u r e  of  Cm i s  a n e g a t i v e  f i g u r e ,  a n d  t h e  s i z e  o f  

t n e  m a r g i n  h a s  l i t t l e  t o  d o  w i t i i  t h e  r e c o v e r y  c h a r a c t e r i s t i c s "  

a s  wei l  a s  t h e  d a t a  o f  DC-9  (Ref .  t o  k'ig. 5 ) ,  i t  was 

d e t e r m i n e d  t h a t  t h e  d e s i g n  O b j e c t i v e  was t o  be t h e  d e e p  s t a l l  

i u a r g i n  a p p r o x i m a t e l y  t h e  same l e v e l  a s  DC-9's. I n  o t h e r  

words, t h e  o b J e c t i v e  o f  the d e s i g n  was s e t  a s  "Cm p e a k  = <  

-0.U: i t 1  t h e  case w h e r e  t n e  e l e v a t o r  i s  u p e r a t e c :  a t  f u l l  nose 

d u w n  a t  tire s t a b i  1 i z e r  n a v i g a  t iona i ailgl e t ir ider tile t rirnrnea 

C!PWT! c m c f i t i o n  c f  1 .3 Vs . $ 1  

Lligli e l e v a t i o n  a n g l e  wino t u n n e l  t e s t  o f  M.lir-500 was 

c o n d u c t e d  u n d e r  t h e  s t i n g  s u p p o r t  method a t  t h e  low s p e e d  w i n a  

t u n n e l  f a c i l i t y  o f  Nagoya A i r c r a f t  P l a n t ,  Wi t s u b i s h i  t i e a v y  

I n d u s t r i e s  C o r p o r a t i o n .  Tne r e s u l t  (If t h e  i n i t i a l  w i n d  t u n n e l  

t e s t  was good enough  t o  s a t i s f y  t h e  o b j e c t i v e  a l t n o u g h  t he re  

was n a r d l y  no  room f o r  a margin.  As  t h e  p r o c e s s  c f  d e s i g n  was 

d e v e l o p e a  c n a n g i n g  t h e  s h a p e s  Ltf r h e  a i r c r a f t  b o d y ,  a 

5 



s i t u a t i o n  d e v e l o p e d  i n  w h i c h  t h e  i n i t i a l  O b j e c t i v e  o f  t h e  

o r i g i n a l  d e s i g n  c o u l d  n o t  b e  s a t i s f i e d .  T h e r e  wa5 a p e r i o d  

when t h e  s p a n  o f  t h e  n o r i z o n t a l  t a i l  w i n g s  was e x t e n d e d  a 

l i t t i e .  Under ttie c o n d i t i o n  af l o w  d e e p  s t a l l  m a r g i n  a s  

d e s c r i b e d  a b o v e ,  cieep s t a l l  c h a r a c t e r i s t i c s  were i n f l u e n c e d  

e v e r y  time the re  was a c n a n g e  i n  t h e  s h a p e  o f  t h e  a i r c r a f t ,  

eg .  c n a n g e  i n  t h e  p o s i t i o n  o f  t h e  n a c e l l e  o r  t h e  s h a p e  o f  t h e  

p y r o n ,  making  i t  n e c e s s a r y  t o  c o n d u c t  a n  a i r  t u n n e l  t e s t  f o r  

c o r i f j  r m a t i o n .  F u r t h e r m o r e ,  a d d i t i o n a l  a i r  t u n n e l  t e s t s  were 

n e c e s s i t a t e d  a s  t n e  a b s o l u t e  f i g u r e  o f  t h e  small  f i g u r e  o f  rhe 

p i  t c i i i t i g  inoment became t h e  p rob lem i n  t h e  v i c i n i t y  o f  a l p h a  L. 

40 d e g r e e s  f a r  e x c e e d i n g  t h e  s t a l l  c o t i d i t i o n .  A c c o r d i n g !  y ,  

t h e  o r i g i n a l  d e s i g n  o b j e c t i v e  was c h a n g e d  t c  r e f l e c t  t h e  

t h o u g h t  "a shape w h i c h  i s  c a p a b l e  o f  w i t h s t a n d i n g  e x t r e m e l y  

h i g n  d e g r e e  o f  d e e p  s t a l i  marg in" .  

F o r  t h i s  r e a s c ; n ,  r e e x a r o i n a t i o n  o f  t h e  wind t u n n e l  t e s t  

r e s u i t  i n c l u d j n g  t n e  r e s u i  t o f  tne  r e a r  f i o w  m e a s u r e m e n t  (Fig. 

b ) .  A t  t h e  same t ime,  desig:; c n a r a c t e i - i s t i c s  :,f e x i s t i n g  

a i r c r a f t  were a l s o  r eexami r i ed .  A s  a r e s u l t ,  i t  was c o n c l u d e d  

t h a t  t h e  o b j e c t i v e  - t o  l e t  the  f e a r  f l o w  o f  t h e  m a i n  w i n g s  

a n d  t h e  n a c e l l e  p a s s  i n  l e s s  e l e v a t i o n  ang le ,  t o  i nc rease  t n e  

e f f e c t i v e  dynariiic p r e s s u r e  a t  the p o s i t i o n  o f  t n e  n o r i z o n t a l  

t a i l  w i n g s ,  and  f i n a l l y  t o  i n c r e a s e  the d e e p  s t a l  I m a r g i n  - 

c o u ~ d  b e  a c n i e v e d  b y  s n j f  t i n g  the h ( , r i zo r i t aL  t a i l  w i n g s  t u  the  

r e a r  by 500 niin and t u  t h e  lower d i r e c t i o n  b y  200 arid t h e  



p o s i t i o n  o f  t h e  n a c e l l e  t o  t h e  u p p e r  d i r e c t i o n  by 3 0  mrii. 

l'ne r e s u l t  o f  t h e  w i n a  t u n n e l  t e s t  o f  t h e  n e w  s h a p e  r e b e a l e d  

t n a t  t n e  d e e p  s t a l l  m a r g i n  (cm p e a k )  was a p p r o x i r . i a t e l y  f i v e  

t ime t h a t  o f  t h e  1)c -L ) '~ .  R e a l i z a t i o n  o f  s u c h  a l a r g e  margi r l  

e n a b l e d  t h e  u e s i g n e r s  o f  MU-LOU t c>  r e d e s i g n  t h e  s q u a r e  

rneasurernent o f  t h e  h o r i z o n t a l  t a i l  w i n g s  c o n s i d e r i n g  o n l y  t h e  

i n - f l i g h t  s t a b i l i t y  w i t n i n  t n e  range  of  t h e  c r d i n a r y  h l i g h t .  

I n  a r i c i i t i o n  t o  t h a t ,  w i n g  span c o u l d  b e  s c a l e d  d o w n .  k'ig. i 

shows t h e  e s t i m a t e d  f i g u r e  b a s e d  upon t h e  wind t u n n e i  t e s t  of  

t h e  h i g h  a n g l e  p i t c h i n g o m o m e n t  c h a r a c t e r i s t i c s  a c c o r d i n g  to 

t h e  s h a p e  o f  t h e  a i r c r a f t  by t h e  f i n a l  d e s i g n  o f  NU-SOU. 'l'he 

d e e p  s t a l l  m a r i n  has come t o  C r n % - O . l b .  

4 . FLIGHT 'I'ES r 
P1U-300 was g i v e n  c a p a b i l i t y  t o  r e c o v e r  f C L ~  t n e  c o n d i t i o n  

o f  d e e p  s t a l l  t h r o u g h  t n e  o p e r a t i o n  o f  t n e  e l e v a t ( \ r .  l u  tile 

f l i g n t  t e s t ,  h o w e v e r ,  i t  was uecitletl to e q u i p  the t e s t  ilir,deL 

w i t h  a d e v i c e  t o  recc;ver f rom deep s t a l i  f e r  tc.c safe:y rea5c;i; 

u n t i l  t h e  s t a l l  c h a r a c t e r i s t i c s  w e r e  c l e a r l y  i d e n t i f i e d .  S a i d  

d c : v i c e  ( t h e  d e v i c e  t o  r e c o v e r  f rom the s t a l l  c o n d i t i o n )  

c o n s i s t s  of  two c o n t a i n e r s  c o n t a i n i n g  n i t r o g e n  g a s  u n d e r  t n e  

p r e s s u r e  o f  5,000 p s i .  A r u b b e r  h o s e  c o n n e c t s  t h e  n i t r o g e n  

g a s  c o n t a i n e r s  and  a j e t  n o z z l e  w h i c h  i s  p a c e d  u n d e r  t h e  

f u s e l a g e .  A v a l v e  i s  opened  by tne  p i l o t ,  and t h e  n i t r o g e n  

g a s  i s  j e t - s p r a y e d  a t  t h e  tirrie o f  s t a l  i l o w e r i n g  tile riose o f  



t h e  a i r c r a f t .  r h i s  device was d e m o n s t r a t e d  p r i o r  t o  t h e  F A A ' s  

s t a i l  t e s t .  I t  was c j e t e rmined  t n a t  t h e  d e v i c e  was n o t  

s u f f i c i e n t .  A c c o r d i n g l y ,  imprbvement  C J ~  t n e  r e c o v e r y  d e v i c e  

was r e q u e s t e d .  R e f u t i n g  ttie above  d e c i s i o n ,  i t  was p o i n t e d  

o u t  t h a t  t h e  d e m o n s t r a t i o n  was c o n d u c t e d  u n d e r  t n e  c o n u i t i o r ,  

o f  t h e  o r d i n a r y  f l i g h t  r a n g e  above  100 k t ,  t h a t  t h e  dynamic  

p r e s s u r e  was a p p r o x j r r i a t e l y  t w i c e  t h e  d y n a m i c  p re s su re  a f t e r  

t n e  s t a l l  and  t n a t  t h e  movement ( r e s p o n s e )  o f  t h e  a i r c r a f t  j n  

r e f e r e n c e  t o  the m o t i o n  o f  t h e  r e c o v e r y  d e v i c e  became r a t n e i -  

smal l .  T h e  above r e f u t a t i o n  was  n o t  a c c e p t e d ,  a n a  t h e  d e v i c e  

n a a  t o  b e  r e m o u e l e a .  The f o l i o w i n g .  re rnoc ie l ing  o f  t h e  cievice 

was a c c o m p l i s h e d .  Two more n i t r o g e n  g a s  c o n t a i n e r s  were 

a d a e u ,  arid t n e  p o s i t i o n  of  t h e  j e t  i i o z z l e  was moved a s  f a r  

back o f  t n e  f u s e l a g e  a s  p o s s i b l e .  C e r t i f i c a t i o n  o f  t h e  

r e c i o d e l e d  r e c o v e r y  d e v i c e  was done  u n d e r  t h e  c o n d i t i o n  m o s t  

s u i t a b l e  t o  e x a m i n e  t h e  a c t u a l  e f f e c t  o f  t h e  d e v i c e  a t  b e l o w  

s t a l l  s p e e d  o f  tile a i i c r a f t .  Tne a i r c r a f t  s p e e d  was recluceci 

f r n z  200  k t  a t  t!le r e d u z t i o i :  r a t i , ;  <;f 5 :<E,' Le:. , a r ~ !  t h e  

riitrogen g a s  was j e t - s p r a y e d  ~incler t h e  f o l l o w i n g  c o n d i t i o n :  40 

d e E r e e s  o f  a t t i t u d e  a n g l e ;  v e r t i c a l  a c c e l e r a t i o n  u f  b e l o w  1 G ;  

anu t h e  a i r c r a f t  s p e e a  o f  SO k t .  The r e s u l t  o f  t n i s  t e s t  

w h i c h  coi1firn:ed t he  a t t i t u d e  a n g l e  c n a n g e  of  b d  d e g r e e s  i n  5 

s e c o n d s  aiici ttie s p e e d  increase  o f  50 k t  i n d i c a c e d  t h a t  t h e  

i m p r c ~ e d  d e v i c e  was s u f f i c i e i i t  enclugh. 

The s t a l l  c h a r a c t e r i s t i c s  o f  NU-3UU i n d i c a t e  tne 



f o l l o w i n g .  E x f o l i a t i o n  b e g i n s  t o  t ake  p l a c e  from t n e  i n n e r  

s i d e  <if t n e  f e n c e  o f  t h e  u p p e r  s u r f a c e  o f  t h e  ma in  w i n g s  a s  

s t a l l  cond i t io : :  b e c o n e s  n e a r .  The b u f f e t  t n a t  i s  g e n e r a t e d  i s  

s u c n  a c l e a r  i n d i c a t i o n  t h a t  a i l  t e s t  p i l o r s  s h o u l d  be a b l e  t o  

r e c o g n i z e  i t .  A s  t h e  c o n t r o l  w h e e l  i s  p u f l e a  arid t h e  

e l e v a t i c r n  a n g l e  i s  i n c r e a s e d ,  a c l ea r  p i t c h  down i s  g e n e r a t e d  

i n  r e s p o n s e  t o  h e  s p r e a d  o f  t h e  e x f o l i a t i o n  d o n a i n  t o w a r d  t h e  

i n n e r  w i n g s .  A t  t h e  same tirile, b u f f e t  g r a d u a l l y  i n c r e a s e s  t h e  

i n t e n s i t y  and  f i n a l l y  comes t o  t h e  s t a g e  w h i c h  i s  commonly 

recognizes a s  heavy  b u f f e t .  A t  t n i s  tirne o r d i n a r y  p i l o t s  w i l l  

n o  l onge r  r e d u c e  t h e  a i r  s p e e d .  A t  t n e  i n t e r n a l  f l i g n t  t e s t  

( c o n d u c t e d  w i t n i n  the  company) w h i c h  t o o k  p l a c e  a t  t n e  e a r l y  

s t a g e ,  i t  was d i s c o v e r e d  t h a t  t h e  b u f f e t  a t  tlie tirne o f  

l o w e r i n g  t h e  f l a p  d i d  n o t  h a v e  s u f f i c i e n t  i n t e n s i t y .  ‘ T h i s  

s i t u a t i o n  was c o r r e c t e d  b y  i n s t a l l i n g  a s t a l l  s t r i p ,  a 

t r i a n g l e  s n a p e d  o b j e c t ,  u n d e r  t h e  f r o n t  e d g e  p a r t  o f  t n e  n a i n  

i n n e r  wi r igs .  Hecove ry  f rom t h e  s t a l l  c r )nc i i t i c )n  i s  d o n e  by 

r e l a x i i i g  t h e  j n t e n s i t y  o f  t h e  p c l ! i n g  f e c c e  t m t  is appi-.od t o  

t h e  ct jntroL s t i c k .  ( K e f .  t o  F i g .  8 )  I’he f u n c t i o n  o f  t h e  

s p o i  l e r  b o t h  d u r i n g  t h e  s t a l l  arid d u r i n g  t h e  r e c o v e r y  was 

e x c e l l e n t .  I t  was p o s s i b l e  t o  c o n t a i n  t h e  f l u c t u a t i o n  of  t n e  

b a n k  a n g l e  w i t h i n  20 d e g r e e s  u n d e r  no rn ia l  c u n a i t i o n .  

h .  

i’ne e v a l u a t i o n  method o t  the d e e p  s t a l l  by FAA i n c l u d e s  

trie c c , n f i r i v a t i o n  u f  t n e  c n a r a c t e r i s t  ics  b y  c o n d u c t i n g  the 

s t a l l  t e s t  t h r o u g h  a r a p i d  rec luc t ic ln  u f  s p e e d  u p  t u  4 i c t /  s e t  



i n  a d d i t i o n  t o  t h e  n o r m a l  s t a l l  t e s t  w h i c h  i s  cCJnducted by 

r e d u c i n g  t h e  a i r  s p e e d  by 1 k t /  sec.  I t  was c o n f i r n e d  t h a t  

P1U-500 d i d  i i G t  e n t e r  t h e  s t a i l  L e i i d i t i o n  a t  t h e  s t a l l  t e s t  i n  

w h i c h  t n e  a i r  s p e e d  was r e d u c e d  u p  t o  t h e  r a t i o  o f  4 k t /  sez .  

I t  was a l s o  c u n f i r m e d  t h a t  t h e  c h a r a c t e r i s t i c s  o f  the  a i r c r a f t  

u n d e r  t h e  c o n d i t i u n  o f  u t ie  e n g i n e  s t a i l  was q u i t e  m i l d .  

' 3 v e r a l l  s t a l l  c n a r a c t e r i s t i c s  o f  bIU-500 was e v a l u a t e d  a s  

exce l  1 en t . 

5 .  AN Ah'l'KHLJOKl, 

blLJ-50U a t  the e a r l y  s t a g e  c h o s e  t h e  body s t y l e  

c h a r a c t e r i z e d  b y  t h e  J o w  w i n g s ,  e n g i n e  p iacemen t a t  t n e  r e a r  

c ~ f  t h e  f u s e l a g e  and  t he  T - t a i l  w i n g s .  The body s t y l e  

d e s c r i b e d  a b o v e  i s  g e n e r a l l y  b e l i e v e d  t o  c a u s e  d e e p  s t a l l .  

Ye t ,  i t  was g i v e n  a n  e x c e l l e n t  e v a l u a t i o n  by FL2A i n  s p i t e  o f  

t h e  f a c t  t h a t  i t  was n o t  e q u i p p e d  w i t h  a s t i c k  p u s h e r  t h r o u g t i  

t h e  d e s i g n  o f  a i r  d y n a m i c s  with c o n s i d e r a t i o n  tiiwarcI t h e  cieep 

s t a i l .  S t a i l  c h a r a c t e r i s t i c s  o f  I IU-SOU were e ; a i u a t e d  a t  t!ic 

mode l  c e r t i f i c a t i o n  t e s t s  i n  G r e a t  t > r i t a i n ,  Canaaa an<: \Jest 

Germairy . P I U - 3 U O  had no  d i f f i c u l t y  i r i  o b t a i n i n g  t h e  mode l  

c e r t i f i c a t i o n  frcini t h e s e  t n r e e  c u u i i t r i e s  w n i c h  a r e  s a i d  t c ;  b e  

v e r y  s t r i c t  i n  s t a i  1 c h a r a c t e r i s t i c s .  N L J - j U O  h a s  g o n e  t n r o u g n  

irivie t h a n  5 W  s t a i l  t e s t s  u p  t u  t n i s  d a t e ,  a n a  t h e  rilaxirr1un-i 

e l e v a t i o n  a n g l e  o f  50 d e g r e e s  b a s  been c c n f i  cineti i n  these  

t e s t s .  A s  f o r  d e e p  s t a l  I, b u f f e t  w h i c n  i n d i c a t e  t n e  e n t r a n c e  

i o  



of  t h e  s t a l l  c c l n d i t i o n  a s  w e l l  a s  a c l e a r  w a r n i n g  b y  p i t c n  

down a re  a v a i l a b l e  i l l  a d d i t i o n  tci t n e  w a r n i n g  by t n e  s h a k e r .  

I n  a d d . i t i o n  t o  t h a t ,  t n e  a b o v e  l i s t ec ;  a c i k a n t a g e s  <)f  Flu-300 a r e  

f u r t h e r  e n h a n c e a  b y  t h e  r a p i d  r e c o v e i y  mot ion  o f  t h e  a i r c r a f t  

w n i c h  i s  c o n s i d e r e d  the a a d i  t i o n a l  c n a r a c t e r i s t i c  o f  FIU-LUO. 
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(Eg.1 
% I  €4 Locked in deep stall 

Dimnnicm 
Cverall width 13.23m 
Overall length 14.73m 
Overall height 4 . 1 9  
W i n g  area 22.4311’ 
cabin l€r& 4.71111 

Kmkr of seat 9 11 

(except a c k p i t )  

( inc lud iq  2 pi lots)  

cabin V O l W e  11. 3m3 

Wight &. takeoff weight 6,550kg 
mire 

&Ust 
F w Y o m e  

Max.  operating speed 
M a .  Operating altitude 
Rate of cl inb(2 engws)  
Sta l l  s- 
Crusing range 

I45 nun. reseme fue l )  
Takmf f lerqth 

1,13Skg x 2 

805hnh 

945m/min 
140hnh 

12,500m 

2 , 8 5 0 h  

1,235m 

O I D 6 Z O I ~ U Q Q I  
bM6I.E W A l T A C N . Q y W  3) 

% 3 Stabilizer and elevator effectiveness” 
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