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SUMMARY 

T h i s  r e p o r t  g i v e s  e v i d e n c e  i n  s u p p o r t  of t h e  p r o p r i -  
i e t y  o f  s u b s t i t u t i n g ,  f o r '  many p r a c t i c a l  p u r p o s e s ,  n f fgen-  
e r x l "  p o r p o i s i n g  t e s t  o f  f l y i n g - b o a t - h u l l  models  i n  p l a c e  
of t h e  u s u a l  i f s p e c i f i c "  t e s t .  The r e s u l t s  of a. g e n e r a l  
t e s t  o f  a, p n r t i c u l 7 , r  node1  a r e  p r e s e n t e d  and  compared w i t h  
t h e  r e s u l t s  of A s p e c i f i c  t e s t  o f  t h e  s n r e  model ,  The com- 
p a r i s o n  i s  shown i n  c h a r t s  ( f i g s ,  4 and 5 ) 0  

' The' r e p o r t  also d i s c u s s e s  a p p r o p r i a t e  a v e r a g e  v a l u e s  
o f  t h e  v a r i a b l e s  n e c e s s a r i l y  c o n s i d e r e d  f o r  ordin-Lry u s e  
i n  g e n e r a l  t e s t i n g ,  Tnese  v a r i a b l e s  a r e :  

ae rodynnmic  p i t c h  damping r a t e  

p i t c h i n g  moment o f  i n e r t i a  

p o s i t i o n  o f  c e n t e r  of g r a v i t y  

Mq 

IP 

The t e r n s  I f g e n e r d f f  and f i s p e c i f i c l f  a r e  u s e d  i n  t h e  
s e n s e  i n  which  t h e y  h a v e  been u s e d  f o r  some t i n e  by t h e  
LTTACA i n  c o n n e c t i o n  w i t h  r e s i s t n n c e  t e s t s e  ( S e e  NACA T O N *  
NO, 464, )  

I NTRODUC T I OB 

t I t  W P S  c o n c l u d e d  i n  r e f e r e n c e  1, f r o m  a n a l y s e s  o f  t h e  
r e s u l t s  o f  systematic t e s t s  a t  t h i s  t a n k ,  t h a t  t h e  p o r -  
p o i s i n g  c h q . r a c t e r i s t i c s  o f  a g i v e n  f l y i n g - b o a t  h u l l  a r e  
d e t e r n i n e d  r i a i n l y  b y  o n l y  t h r e e  v a r i a b l e s :  

A load o n  w a t e r  

v s p e e d  

ae rodynamic  p i t c h  damping r a t e  Mq 
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and- t h a t  t h e  l i m i t  c u r v e s  o f  s t q b i l i t y  c o u l d  be  e x F r e s s s d  

a s  f u n c t i o a s  of t h e  p l a n i n g  l i f t  c o e f f i c i e n t  A / &  V" b' 

( q c t u n l l y  t h e  e q u i v a l e n t  c r i t e r i o n  ,'?;-/Gv has  b e e n  

f o u n d  more c o n v e n i e n t ) ,  w i t h  t h e  a e r o d y n a n i c  p i t c h  damping 

c o e f f i c i e n t  .- ---. 

2 

as a p a r s m e t s r ,  
Mq 

v pnt b4 
2 

T h i s  e v i d e n c e  s t r o n g l y  s u g g e s t e d  t h a t  some g e n e r a l  
p o r p o i s i n g  t e s t  might  p r o p e r l y  b e  s u b s t i t u t e d  f o r  t h e  usu-  
a l  s p e c i f i c  t e s t .  I n  rz g e n e r a l  ~ o r p o i s i n g  t e s t ,  as i n  a 
g e n e r a l  r e s i s t a n c e  t e s t ,  t h e  c o n t r o l l i n g  v n . r i a b l e  o r  T J s r -  

i a b l e s  would b e  a l t e r e d  i n  s y s t e r i a t i c  s t e p s  t o  p r o d u c e  
r e s u l t s  3 p n l i c a b l e  t o  any  f l y i n g  b o a t ;  i n  t h e  s p e c i f i c  
t e s t ,  t h e  l o a d i n g s  and t h e  a e r o d y n a m i c  c h a r a c t e r i s t i c s  o f  
n p n , r t i c u l a r  f l y i n g  b o a t  a r e  r e p r o d u c e d  i n  t h e  node1  t e s t  
i n  t h e i r  e n t i r e t g ,  

3 The a d v a n t a g e s  o f  a g e c e r a l  p o r p o i s i n g  t e s t  a r e  ob- 
v i o u s ;  i t  would 

(1) P r o v i d e  P b a s i s  f o r  p r e d i c t i n g  t h e  p o r p o i s i n g  
c h s r a c t e r i s t i c s  o f  p r o p o s e d  c o n p l e t e  2ir- 
p l a n e s  p r i o r  t o  s p e c i f i c  t e s t i n g ,  The por -  
p o i s i n g  t e s t s  f o r  a c o n t e m p l a t e d  d e s i g n  
c o u l d  b e  r u n  even p r i o r  t o  t h e  f i x i n g  o f  f i -  
n a l  s p e c i f i c a t i o n s  for t h e  ae rodynamic  s t r u c -  
t u r e  and t h u s  v a l u a b l e  t i n e  c o u l d  b e  sn.ved i n  
t h e  e ? r l y  s t a g e s  of  d e s i g n i n g ,  when d e c i s i o n s  
f o r  m a j o r  changes  a r e  s t i l l  p o s s i b l e .  

( 2 )  F a c i l i t a t e  d - i r e c t  c o = p a r i s n n  of t h e   orp poising 
c h a r a c t e r i s t i c s  o f  d i f f e r e n t  h u l l  f o r n s  and. 
t h u s  enormously  s i n p l i f y  a n y  y r o b l e n  i n v o l v -  
i n g  t h e  hydrodynamic d e v e l o p n e n t  o f  hul l .  f o r n .  

A. s a t i s f a c t o r y  g e n e r a l  t e s t  would a p p e a r  t o  b e  z r a c -  
t i c a l l g  a p r c r e q u i s i t e  t o  t h e  s u c c e s s f u l  c a r r y i n g  o u t  o f  
a n y  e x t e n s i v e  e x p l o r a t i o n  o f  t h e  p o r p o i s i n g  c h a r a c t e r i s -  
t i c s  o f  s y s t e m a t i c a l l y  v a r i e d  h u l l  f o r m s  w i t h i n  a r e a s o n -  
a31e  p e r i o d  o f  t i n e ,  

The n s u a l  method o f  d e t  e r n i n i n g  t h e  l o n g i t u d i n a l  dy-= 
namic s t a b i l i t y  o f  a f1yi l .g  b0q.t i s  t o  t e s t  a d y n a m i c a l l y  
s i r i i l s r  model,  cornpletr? w i t h  wings  and  t a i l  s u r f 7 , c e s  
( s c : * e t l c o a  Cmcn r . o t n r - & r f a o t * *  z, n p c l l c p s )  -popr.nduo?d i n  
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a c t  d e t a i l .  T h i s  mothod,  hewever  u s e f u l  f o r  s p e c i f i c  
t s s t i n g ,  h a s  t h e  d i f f i c i z l t i c s  t h a t  t h e  a e r o d y n a m i c  cha rzc -  
t e r i s t i c s  a r e  n o t  e a s i l y  d e t e r m i n e d  n o r  r e a d i l y  a l t e r e d .  
The method now employed a t  t h i s  t a n k ,  d e s c r i b e d  i n  r e f e r -  
ence  3 ,  d i f f e r s  i n  t h a t  t h e  e q u i v a l e n t  o f  t h e  c e r o d y n ~ m i c  
s t r u c t u r e  i s  s u p p l i e d  by a c a l i b r a t e d  h y d r o f o i l  f o r  l i f t  
f o r c e s  a n d  b~ m e c h ~ n f c a l .  means f o r  p i t c h i n g  moments a n d  
damping,  The a e r o n y n s m i c  c h a r a c t e r i s t i c s  a r e  t h e r e f o r e  
u n d e r  Ct i rec t  c o n t r o l  a t  a l l  t i m e s  and  may be v a r i e d  a t  
w t 2 . 1 ,  This f e a t u r e  made possible t h e  s t r i c t  s y s t e m  by 
whfch t h e  specific t e s t s  a n a l y z e d  i n  r e f e r e n c e  1 were c a r -  
r i e d .  o u t  2nd  which has  l e d  i n  t u r n  t o  t h e  2dea  of g e n e r a l  
t e s t i n g  a 

I t  i s  t h e  p u r y o s e  of  t h i s  r e p o r t  t o  p r e s e n t  t h e  r e -  
s u i t s  o f  a g e n e r a l  p o r p c i s i n g  t e s t  o f  a p a r t i c u l a r  model 
a n d  t o  show t h e  comparison be tween  t h e s e  a n d  t h e  r e s u l t s  
o f  a s p e c i f i c  t s s t  of t h e  same m o c l o l .  The ag reemen t  be-  
twsen  t h e  t w o  t e s t s  3 s  c o n s i d e r e d  s u f f i c i e n t l y  g o o d  t o  
c o n s t i t u t e  e v i d e n c e  o f  t h e  p r a c t i c a b i l i t y  o f  g e n e r a l  t e s t -  
i n g  - a t  l e a s t  f o r  m _ z a g  purposes, 

n- Lhe impor t f in t  a i i e s t i o n  o f  t h e  c h o i c e  o f  s u i t a b l e  nv- 
e r a g e  v a l u e s  o f  c e r t . ? i i n  v - l r i a b l t t s ,  f o r  u s e  u n d e r  o r d i n a r y  
c i r c u m s t a n c e s  i n  g e n e r a l  p o r p o i s i n g  t e s t s ,  i s  a l s o  d i s -  
c u s s e d .  

T h i s  i n v e s t i g a t i o n ,  c o n d u e t e a  .zi; S t e v e n s  I n s t i t u t e  o f  
T e c h n o l o g y ,  was sponsore i i  by ,  a n d  conduc t  cd. w i t h  f i n r L n c i a l  
a s s i s t a n c e  f r o n ,  t h c  3 i a t ; i onn l  Advisors -  Committee f o r  A e r o -  
n ? * u t i c s .  

GEBBRAL PORPL?T SilTG TXST O F  il. P A R T I C U L A R  MO3.ZL 

l ’ roceduro Used  f o r  G e n e r a l  T e s t  

T h e  same a p p a r r , t u s  ryas n s e d  a s  i s  o r d i n a r i l y  e n p l o g e d  
E t  t h i s  t n n k  f o r  s p c c f i ‘ i c  S o r g o i s i n g  t e s t s ;  t h i s  a p p a r a t u s  
i s  d o s c r i b e d  i n  d e t r . i l  i i  i - a f e r e n c e  3 .  F o r  t h e  p r e s e n t  
g e n e r n l  t e s t s ,  t h e  h~--d.ro;o-~: .  whlck s u p p l i e s  the Li€t f o r c e  
,-.,nd i t s  d e r i v a t i v e s  i n  specific t e s t s  was r emoved  f rom t h e  
a p n r a t u s ,  w i t h  i t s  e n t i y e  mechc?.nism, T h i s  was t h e  o n l y  
change  imde * 

Tho olo?-el and t h e  p i : r t s  of  t h e  apparatus moving v e r -  
t i c a l l y  w i t h  i t  had  a wei&r, c o r r e s p o n d i n g  t 3  C A  = 0 . 8 0 .  
I n  order t o  g e t  o t h e r  v a l u e s  o f  t h e  load on t h e  ~ ~ . ~ - t e r ~  t h e  
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f i r s t ,  s e c t i o n  o f  S e l e c t i o n  o f  Vr , lues  o f  I n f l u e n t i a l  V R 2 - i -  
s b l e s .  , 

$11 t e s t s  were xade at c o n s t a n t  speed.,  i n  s u b s t n n -  
" t a l l y  s t i l l  w a t e r ,  a n d  o t h e r w i s e  i n  accordrznce w i t h  t h e  
d - e t a i l e d  p r o c e d u r e  o r d i n a r i l y  u s e d  f o r  spec i f3 . c  p o q o i s -  
I r ~ g  t e s t s  a t  t h i s  tp-nk,  a s  d e s c r i b e d .  i n  r e f e r e n c e  3 .  . 

T h e  t e s t s  f o r  e a c h  l o a d  c o e f f i c i e n t  f o l l o w e d  t h e  s:'-..:ne 
b z s i c  p r o g r s m ,  namely: 

(1) Tests were 1119.de. at e a c h  o f  a nun5er  o f  f i x e d  
s p e e d s ,  t h e  c h o i c e  o f  s p e e n s  d e p e n d i n g  upon 
t h e  l o a d  c o e l f i c i e n t .  

(21 A t  e s c h  s p e e d ,  t e s t s  w e r e  ma&e w i t h  various v a l -  
u e s  o f  t h e  a p p l i e d  molae:it t o  c o v e r  a r a n g e  o f  
s t eady- .mot ion  trims . ; u f f i c i ex l t  t o  embrace t h e  
upper  a n ?  t h e  l ower  s t z b i l i t y  l i m i t s .  

( 3 )  s t  e a c h  s ' p 3 c d  nild app1.ied m o m e n t ,  c?. t e s t  t rae  
mzde w i t h  R pitch dsmping  r a t e  c o r r e s p o n d i n g  

- 0 . 2 5  5is ~ r e v i o u s l - y  d e s c r i b e d .  
N 

t#.$ ---- - 

2 

q 
v P i " 3  4 

When t h i s  rate f a i l a d  t o  c a u s e  s t a b i l i t y ,  a n  
z d d i t i o n n l .  t e s t  was made w i t h  a l a r g e  e x c e s s  
o f  p i t c h  dgmping t o  d e f i n e  t h e  s t e n d y - m o t i o n  
a t t  i t u d s  (. 

( 4 )  G r a p h i c a l  r e c o r d - s  w e r e  m2,da o f  . t h e  s t  eady-stat e 
fully d e v e l o p e d  p o ~ p o i s i n g .  c y c l e  f o r  a l l  t e s t s  
i n  w h i c h  p o r F n i s i n g  o c c u r r e d .  

( 5 )  The s t a b i l i t y  limit was a r b i t r a r i l y  d e f i n e d  a s  
t h e  t r i n  a t  which t h e  t o t a l  sweep i n  trim ;\ri- 
g l e  d u r i n g  pporpois ing  ( t h t  i s ,  t h e  d o u b l e  
a m p l i t u d e )  is 2'. This d e f i n i t i o n  is of 
g r e a t e s t  s i g n i f i c a n c e  9.n c o n n e c t i o n  w i t h  l o w o r -  
l i m i t  p o r p o i s i n g ,  where t h e  a m p l i t u d e  t e n d s  t o  
L n c r c 2 s e  p r o g r e s s i v e J y ;  i n  t h e  c a s e  o f  u p p e r -  
l i m i t  p o r p o i s i n g ,  which  t e n d s  t o  s t a r t  sudden-  
I$ a n d  may o f t e a  c o n s i s t  p r i n c i p z l l g  o f  v e r t i -  
c a l  m o t i o n ,  fin ~ r b i t r a r y  d e f i n i t i o n  of  t h e  
stability L i m i t  i s  l a r g e l y  u n n c c a s s a r y .  In tliie 
e x p e r i e n c e  o f  t h i s  t a n k ,  p o r p o i s i n g  c y c l o s  Fn 
which a s u b s t a n t i a l  a m p l i t u d e  i n  hesve o c c u r r e d  
v i t h o u t  a t  l c a s t  2 sweep i n  trim have  been  ex- 
c e e d i n g l y  r m e  ( t h e  m o ? ~ e l  b o i n g ,  of c o u r s e ,  
f r e e  t o  t r i a ) ,  

0 
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G e n e r a l - r e s t  R e s u l t s  a n d  Comparison w i t h  

Sp e c i f i c-T' e s t  Re snl. t s 

The g e n e r a l - t e s t  r e s u l t s  are shown i n  d e t a i l  i n  f i g -  
u r e s  1 t o  3 i n  l a r g e  c h a r t s ,  e a c h  of which g i v e s  ccm- 
p l e t e  d a t a  f o r  one v a l u e  o f  Gg. These  f i g u r e s  a,re t 5 e  
usual wall-pa,per  c h a r t s  of t r i m  a g a i n s t  s p e e d ,  a s  u s s d  a t  
t h i s  t a n k ;  d e t a i l s  o f  t h e i r  fo rm 2nd p r e p a r a t i o n  wi1.1 b e '  
found i u  r e f e r e n c e  3 .  Cross p l o t s  o f  t h e  t r i n  sweep i n  
p o r p o i s i n g  a g a i n s t  t h e  s t e a d y - m g t i o n  trim wore p r e T a r e d  
from t h e  p o r p o i s i n g  cycles shown o n  t h a s e  c h a r t s  - f rom 
r.rhich, i n  t u r n ,  t h e  arbitrasil$ d e f i n e d  s t a ' o i l i t y  1i.xiit 
( 2 0 °  sweep)  was r e a d .  The o t n 5 i l i t y  l i m i t s ,  o b t a i n o d  in 
t h i s  way, are ~1ior . rn  i n  figu-r:: 4 ,  p l o t t e d .  a g a i n s t ;  t h e  c r i -  
t e r i o n  , , / - F i / C \ j .  T h i s  c h a r t  shows also: for d i r o c t  COIII-  

p a r i s o n ,  t h e  l i a i t s  f o r  a s p e c i f i c  t e s t  o f  t n e  s m e  hull. 
The s p e c i f i c  t s s t  was made u n d e r  t h e  p a . r t i c u l s . r s  ;.,~.d spec -  
i f i c a t i o n s  o f  t h e  XPBZ:J~-1. z i r p l a a c ,  a s  used- in r o f s r < ; s c c  
3 ,  I t  i s  cl.:>;;r thzt t h e  agr ;?cment  b o t v a o n  t h e  r c s u l t s  
f rom t h e  t w o  t > - p s '  o f  t c s t  i s  v a r y  g o o d  an& t h a t  o n l y  o ~ c  
c u r v e  i s  ncodcd.  f o r  a i t h e r  t h o  l o w e r - l i n i t  o r  t h e  u p c r -  
l i r a i t  p o i n t s  f rom b c t h  t e s t s ,  

F i g u r e  4 shows R c h a r t  f o r  t h e  s p e c i f i c  t e s t  ana, f o r  
c o x p ~ . s i s o n ,  R c h a r t  f o r  t h e  S a m 8  p a r t i c u l a r s  nnd s p e c i f i -  
c a t i o n s  b u i l t  u~ f'rp3ril t h e  g e n e r < z l - t e . s t  c h n r t s  o f  f i g u r e s  
1 t o  3. 8 g t z i i i , ,  t h e  r e s u 1 t . s  from t h e  t w o  t y p e s  o f  . t e s t  Ere  
s e e n  t o  l e  i n  good. ? g r e e n e r i t .  The i:cfual, p o s p o i s i n g  cy -  
c l e s  are n o t  eve rywhere  i d e n t i c a l  b u t  t h e y  a r e  r e a s o n a b l y  
& l i k e ,  :><nd i t  i s  a g g a r c n t  t h a t  b o t h  c h 3 , r t s  d e f i n e  t h e  $:?.me 
limit c u r v e s  w i t h o u t  ~ i s v - s i r g  a i t h e r  s e t  o f  d s t a .  

The f a d i n g  o u t  02 t h e  u p p e r - l i m i t  czrvc!  e,% h i g h  
s p e e d s  was i ict  very ti1asoizg1illy i n v o s t i g z t e f i  . i n  t h o  genera!. 
t e s t s  h e r e i n  r e ; ?o r ' t cd .  k t  Cll = 0 . 2 0 ,  t h o  uypi3r l i m i t  
i o  i n  t h e  p r o c e s s  o f  d y i n g  o u t  ~t t h s  ' r i & G ; s t  s p ~ e d .  t e s t e d .  
k t  C A  = 0.1G, t e s t s  wore made a t  o n l y  t h r e e  v a r y  h i g h  
s p e e d s  p.nd 2-t. none o f  t h e s e  i q r c s  a n y  u p p e r - l i z i t  n o r p o i s i n g  
fov-nd - t h o u g h  i t  s ~ m s  p r j b ~ % l e  t h a t  i t  tirou'id have  o c -  
c u r r e d  a t  l o w e r  s p e e d s ,  The p r e s e n c e  o r  a b s e n c e  o f  t h e  
h i g h - s p e e d  Gild of  t h e  u p p a r - L i m i t  curycj i B impor t a .n t  I n  
p r a c t i c e ;  T t t e n t i o n  S h o i x L Q  t ! ? e r a f o r e  bi; g i v e n  t c~  e x p l o r -  
i n g  t h i s  r e g i o n  i n  t h c . c o u r s i !  o f  f u t u r e . g c n e r n 1  : t e s t s .  
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tctb!.c, which i s  r e p r o d u c e d  f r o m  f i g u r e  4 ,  

I t  w i l l  'De s e e n  - f r o m  tli'is t a b l e  t h a t ,  f o r  a l l  p r a c t i c a l  
p u r p o s e s ,  l o v e r - l i m i t  p o r p o l s i n g  xay be c o n s i d e r e d  t o  

s t a r t  wheiz t h e  va1.u.e o f  , f l i / C l ~  becomes  l e s s  t h n n  ?"bout 
. 0 , 2 6 0 .  The s t a r t i n g  o f  u p p e r - l i m i t  p o r p o i s i n g ,  03. t h e  
o t h e r  h a n d ,  i s  g o v e r n e d  b y  t;i,:o c o n d i t i o n s :  ( l j  5k.e val .ue 
o f  C!:r must be g r e a t e r  th:.in 4.Cjc5, which. i s  t h e  sver r ige  of 
t h e  v a l u e s  o f  Sv f o r  e l l  C$ values e x c e p t  1 , O c ' ;  a n d  

j 

( 2 )  tb-e s a l u . ~ :  o f  , , f % - i , / ~ ; r  rust' be l e s s  L, L:2 .~n  O , ~ O O .  

If s u f f i c i e n t  t e s t  i n f o r m a t f o n  wsre available, c0nd.i- 
t i o n s  f o r  t h e  e n d i n g  o f  u p p e r - l i m i t  -orpoising, a t  hip;?; 
5pco?.s, c o u l d  p r e s u m a b l y  have  b e e n  s i n i l a r l y  c o d i i i ~ d .  

A t  t h e  t i u o  f i g u r e  5 v&s p r c n a r f i d ,  t h c r e  viis s o i ~ o  
d i s c u s s i o r ,  o f  t h e  i n d i c a t i o n  that  u p p e r - l i n i t  y o r p o i s i n g  

t i o n   as xade ' -ha t  t c i c r o  n t g h t  isc sone d i s c c n t i n u i t i e r  i n  
t h e  zomunt c u r v e s  i n  tht :  r e g i o n .  I n  o r d s r  : o  : n v e s t i g z t s  
this p o s s i b i l f t p  f i p i r e  G was p r e ~ a r c d .  T h i s  c h a r t  s h o w s  
a D L O t  0 2  J G / C ~ ~  a g a i n s t  trir:, : . r i t ~  t h 2  tpj1~;ii-y.p momznt 

' c o G f f i c i e a t  C : :  = X/\f-b4 ;Is a p a r a m e t o r .  The p o i n t s  sho:.rn 

7, 
d i d  n o t  s t x r t  a t  a c o n s t m t  v a l u e  o f  G& $1;. TLe suz"r- I *, L. s -  



a r e  from auxiliary c r o s s  p l o t s  o f  mctineat a g a i n s t  t r i m .  
The  v a l u e s  o f  t h e  trir&in.g moment for t h e  c u r v e s  a r e  c l o s e  
t o  t h e  a c t u a l  t e s t  a o m e n t s s  s o  t h a t .  undue c r o s s  f a i r i n g  i s  
n o t  i n v o l v e d ,  T'he p o i n t s  s c a t t e r  a b o u t  a s  much as  t h e  
l e i n i t  p o t n t s  i n  figure 5 E O  t h a t  9 t  i s  d i f f i c u l t  t o  t e l l  
w h z t h e r  o r  n o t  t h e r e  i s  a d i s c c n t i a u i t y  i n  t h e  moment 
c u r v e s  i n  t h e  u p p e r - l i m i t  r e g i o n ;  i f  t h e r e  i s  a d i s c o n t i -  
n u i t y ,  i t  i s  e v i d e n t l g .  v e r y  s m a L 1 .  By f a r  t h e  m o s t  s i g -  
n f f f c a n t  p o i n t  b r o u g h t  out by t h i s  c h a r t  I s  t h a t  t h e  S-riic- 
mine moment, l i k e  t h e  s t a b i l i t y  Limits, i s  p r l r o a r i l y  a 
f u n c t i o n  o f  t h e  t r i m  a n g l e  zn6 o f  ,/F;;;/c*~ onl.y,  

F i g l i r e  7 i s  a f i n a l  su;nz:r,ry c h a r t  o f  t h e , d y n a m i c  s t a -  
b i l i t y  a n d  moment c h a r a c t e r i s t l c s  o f  t h e  h u l l  unde r  con- 
s i d e r a t i o n ,  p r e p a r e d  by t r a c i n g  t i le  c u r v e s  ~f f i ; p r e s  5 
and  6 ,  T h i s  c h a r t  n q r  k e  n s e l !  t o  ca.Lcu1.ate t h e  s t a b i l i t y  
ZIai t  s o f  t h e  l ~ u l f  ? n  coEbina t .kcn  w5th ;,any i i e s t r e d  g r o s s  
w e i g h t  e ae rodynamic  c k i a r a c t e r l s t f c s  of t h e  -ving, i n c l i n a -  
t i o E  o f  t h e  t h r u s t  a x i s ,  and. s i m i l a r  f a c t o r s .  %!be uioment 
c h a r a  c t e r i s t i c s p e 1- me t c a1 cul. z % i 3 g t h e  f r e e .- t; o -- t r i FI t r ack  
and  the avai:LsbLe t r i n  r a n g e  w i t h  a n y  t i e s i r e d  l o n g i t r t d l -  
n a l  p o s i t i o n  of t h e  c e n t e r  o f  gravity, & l e v a t o r  moments,  
and  s o  o n ,  

B e f o r e  g e n e r a l  porpoisint t e s t s  c a n  b e  run, i t  i s  
n e c e s s a r y  t o  d e c i d e  vk ic i i  of  the v a r i a b l e s  c a n  s a f e l y  39 
n e g l e c t e d  s n d  t o  d e i e r m i n e  s u i t a b l e  v a l u e s  f o r  tk..._ose t h a t  
cannet be  n e g l - e e t e d .  h s t u d y  V R G  made i n  r e f e r e n c e  1 o f  
t h e  e f f e c t  o f  var io: is  v a r i a b l e s  o n  t h e  p o r p o i s i n g  c5;arac-  
t e r i e ' c i c s  3f t h e  X:I!B2!4-1, a s  i n r ? i c a t e h  by s y s t e n a t l c  S F S -  

c l f i c  t e s t s .  T h i s  ?a r t  o f  t h e  r e p o r t  c o n s i d e r s  t.1x.t stu-dy 
a s  v e l 1  i ts  t h e  r e s u l t s  o f  c t h a r  i n v e s t i g a t o r s  and  g i v e s  
recomneuded va lues  f g r  t h e  varLablos  vchich haGe t o  be '  
c o n s i d e r e d .  

E v i d e n c e  C o n c e r n i n g  Bar i ab le s  

Mass i n  v e r t i m l  o s c t l 1 a t i S . -  F i g a r c  8 s h o w s  + h e  r e -  
s u l t s  o f  s p e c i f i c  t e s t s  of t h e  XPB2i;-3. a t  7;arious g r o s s  
l o a d s ,  f rom r e f e r e n c e s  1 a n d  5 .  T h t  l i m i t  o f  s t z b i l i t y  i r  
% l o t t e d  a g a i n s t  t h e  c r i t s r i o n  ,,/-%-,/Cy. Changes o f  t h e  
gross l o a d  CA0 
i n  v e r t i c a l  o s c i l l a t i o n  o n l y  a n d ,  i n  t h e  t c s t s  s k 3 ~ 1 ,  
nonen t  of '  i o e r t i a  was kept c o n s t a n t ,  

a r $ ,  on tllis b a s i s ,  c h a n g e s  o ?  t h e  ~ F , S S  
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The PBCA h a s  r e c e n t l y  mtide some e x p e r i m e n t s  on t h e  
l o w e r - l i r l i t  p c l r p o i s i n g  c h a r a c t e r i s t i c s  of  a forebod; j  a l o n e  
( r e f e r e 2 c e  2 )  w i t h  a model h a v i n g  o n l y  h o r i z o n t a l  t a i l  
s u r f a c e s  and  loadec? o r  u n l o a d e 2  t o  g e t  C s s i r e d  v a l u e s  o f  
". I t  w i l l  be s e e n  t h a t  t h e  method used. was n o t  u n l i k e  
t h a t  e n p l o y e d  Tn t h e  g e n e r a l  g o r p o i s i n g  t e s t s  c o n s i d e r e d  
i n  t h i s  r e p o r e .  T h e s e  e x p e r i m e n t s  h a v e  b e e n  z n a l y z e d  by 
p l o t t i n g  t h e  c r i t i c a l  t r i m  a g a i n s t  t h e  r a t i o  
ck similar  form o f  p l o t t i n g  h a s  r e c e r , t l y  b e e n  u s e d  by t h e  
X!!CA i a  r e f a r e n c e s  11 sild 12.) The r e s u l t s o  shown i n  
f i g u r e  9 ,  a r e  f o r  t w o  d i f f e r e n t  Y a l u e s  o f  t h e  nass i n  v e r -  
t i c a l  o s c i l l a t i o n ,  e a c h  t e s t e d  at f o u r  d i f f e r e n t  v a l u e s  of  
C,. F i g u r e  1 0  i s  s i n i l a r  t o  f i g u r e  3 e x c e p t  t h a t  t h e  l o n -  
g i t u d i n a l  p o s i t i o n  o f  t h e  c e n t e r  o f  gravituJi i s  d i f f e r e n t  
f r o n  t h a t  f o r  t h e  d a t a  o f  f i g u r e  9 .  T o r  all t h e s e  t e s t s  
t h e  radius 3f g y r a t i o n  vms k e p t  c o n s t a n t .  

J c ~ / c , .  

S t ~ d y  o f  t h c  t h r e e  c k a r t s  i n  f i g u r e s  8 t o  1 0  i n d i -  
c a t e s  t h a t ,  w i t h i n  t h e  r a n g e s  c o v e r e d ,  t h e  magnitude o f  
t h e  mass i n  v e r t i c a l .  o s c i l l a t i o n  h a s  n o  i e f i n a b l e  i n f l u -  
Brice on $ h e  l i m i t s  o f  s t a b i l i t y .  A d d i t i o n a l .  c o n f i r m a t l o n  
o f  t h i s  c o n c l u s i o n  h a s  3eeen f o u n d  r c c c n k l y  i n  t h e  u n p i b -  
l i s h e d  s p e c i f i c  t e s t s  a t  t h i s  tank o f  z n o t h e r  roC7lel v b c r e  
t h e  g r o s s  1026 was v a r i e d .  

t r n  3,n a c t x a l  a i . r p l a n e ,  t h e  mass i n  v e r t i c a l  o s c i l l a -  
t i o n  n u s t  a l w a y s  c o r r e s p o n d ,  ~f c o u r s e ,  t o  t h e  a c t u a l  
S r o s s  w e i g h t ,  I n  g e n e r a l  p o r p o i s i n g  t e s t s s  t h e r e f o r e ,  t h e  
mass i n  v e r t i c a l  o s c i l l a t i o n  p r o b a b l y  s h o u l d  n o t  be a l -  
l o v e d  t o  d e p a r t  t o o  f a r  f rom t h e  d e s i g n  g r o s s  w e i g h t  o f  
t h e  hull, i f  t h i s  i s  known; b u t ,  s i n c e  t b e  d a t a  o f  figures 
8 t o  L O  i n d i c a t e  t h a t  d o u b l i n g  the sass h a s  no  a p p r e c i a b l e  
i n f l u e n c e  on t h e  s t a b i l t t y  l i m i t s 8  i t  i e  a7sparen5 t h a t  no 
grea t ,  e m p h a s i s  need  be  p l a c e d  o n  u s i n g  a v e r y  e x a c t  v a l u e ,  

-- P i t c h i n g  moment o f  i n e r t i a . -  The d a t a  of  f i g u r e  8 ,  
f r o i n  r e f e r e n c e  3 ,  e r e  f o r  t e s t s  o f  t L e  llPB2K-1 made a t  
s e v e r a l  d i f f e r e n t  g r o s s  w e i g h t s  b u t  w i t h  only one nomeat  
of i n e r t i a .  A d d i t i o n a l  e x p e r i m e n t s ,  f r o m  t h e  s a n e  r e f e r -  
eac t ?9  showed t h a t  i n c r e a s i n g  t h e  p i t c h i n g  moment o f  i n -  
e r t i a  by 50 p e r c e r i t  a t  one g r o s s  .!eight l o w e r e d  t h e  l o w e r  
l i m i t  by o n l y  R v e r y  s l i g h t  a x o u n t  a t  l o i v  speed-s a n 6  had  
p r a c t i c a l l : ~  no  o t h e r  e f f e c t  o n  t h e  l i i n i t s .  These  expei-5- 
men t s  i n d i c a t e ,  t h e - P e f o r e ,  t h a t  ~ e i c h e r  t h e  moment o f  i i i-  

e r t i a  n o r  t h e  r a d i u s  o f  g y r a t i o n  has  cay e , p p r e c i a b l e  i n -  
f l u e n c e  on t h e  s t a b i l i t y  l i m i t s ,  
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B r i t i s h  e x p e r i m e n t s  ( r e f e r e n c e s  6 a n d  7) have  shown 
t h a t  i n c r e a s i n g  t h e  marnent o f  i n e r t i a  bg a s  much as  100 
p e r c e n t  w i t n o u t  a l t e r i n g  t h e  mass h a s  o n l y  v e r y  minor  e f -  
f e c t s  O i i  b o t h  t h e  l o v e r  l i m i t  and  t h e  upper l i m i t .  

- TheoNACA t e s t s  o f  a f o r e b o d y  a l o n e  ( r e f e r e n c e  2 )  C o V -  
e r e d  t h i s  p o i n t  i n d i r e c t l y ,  The r e s u l t s ,  p l o t t e d ' i n  f i g -  
u r e  11, a r e  n o t  i n  f u l l  ag reemen t  w i t h  t h e  a f o r e - m e n t i o n e d  

. t e s t s  b e c a u s e  a s'imilar change  o f  mass a t  c o n s t a n t  moment 
o f  i n e r t i a  - t h a t  i s ,  a n  a l t e y a t i o n  i n  t h e  r a d i u s  o f  gjrrn- 
t i o n  - had  a m o d e r a t e  e f f e c t  o n  t h e  s t a b i l i t y  l i m i t ,  

A11 s o u r c e s  a r e  i n  a g r e e m e n t  t h a t  t h e  main e f f e c t s  
o €  i n c r e a s i n g  t h e  noment of  i n e r t i a  E re  t o  d e c r e a s e  t h e  
f i . equency  of o s c i l l a t i o n  a n d  t o  i n c r e a s e  somevrhat t h e  an -  
p l i t u d c s  o f  % h a  T u l l y  dove lopcd  p o r p o i s i n g  o s c i l l n t i o n s ,  

??lie fac t ;  t h a t  t h e  2 i t c l n i n g  moment o f  i n e r t i a  may have  
a s m a l l  i n f l u c n c c  o n  t h e  s t a b i l i t y  l i m i t s  i s  n o t  811 i m -  
p o r t a n t  o b j e c t i o n  t o  t h e  u s e  of g e n e r a l  p o r p o i s i n g  t e s t s  
b e c a u s e o  a s  d i s c u s s e d  l a t e r ,  t h e  p i t c h i n g  moment o f  i n e r t i a  
o f  a c t u a l  f l y i n g  b o a t s  i s  p r i m a r i l y  a f u n c t i o n  of  t h e  h u l l  
l e n g t h ,  so t h a t  a r e a s o n a b l y .  r c l i n ' o l e  v a l u e  i s  r e r b d f l g  de-  
duced  f o r  a n y  h u l l ,  

C e n t e r - o f - ~ ~ . 5 3 0 g i i i . -  Tho s p e c i f i c  t e s t s  o f  
t h e  XP3214-1 ( r e f e r e n c e  5 )  s h o w  t h a t  a l t e r i n g  t h e  l o n g i t u -  
d . ina l  p o s i t i o n  of t h e  c e n t e r  of g r a v i t y  c a u s e s  c e r t a i n  
minor c h a n g e s  i n  t h e  l o w e r - l i m i t  c u r v e  a t  l o w  speed.s b u t  
h a s  n o  o t h e r  e f f e c t  on t h e  s t a b i l i t y  l i m i t s ,  

F i g u r e  1 2  siiows t h e  r e s u l t s  o f  t h e  ShCA t e s t s  i n  r e f -  
e r e n c e  2 .  The same d a t a  a r e  i n c l u d e d  a s  Tn f i g u r e s  9 a n d  
1 0 ,  b n t  t h e y  a r e  d i f f e r e n t i a t e d  on t h e  p l o t  o n l y  when t h e  
l o n g i t u d - i n a l  p o s i t i o n  of  t h e  ce ' n t e r  of g r a v i t y  d i f f e y s .  
I t  is c l e a r  t h a t  t h e  l o n g i t u d i n a l  p o s i t i o n  o f  t h e  c e n t e r  
o f  g r a v i t y  h a s  no  d i s t i n g u i s h a b l e  i n f l u e n c e  on t h e  s t a b i l -  
i t y  l i m i t .  

B r i t i s h  t e s t s  ( r e f e r e n c e s  5 ,  7 ,  a n d  9) a r e  i n  a g r e e -  
ment i n  t h a t  t h e  l o w e r  l i m f t  a t  l o w  s p e e d s  i s  s l i g h t l y  
a f f e c t e d ,  I n  one c a s e ,  a n  e f f e c t  was f o u n d  on t h e  u y p e r  
l i m i t .  The s%me J r i t l s h  t e a t s  showed t h e  v e r t i c a l  p o s i t i o n  
o f  t h e  c e n t e r  of g r a v i t y  t o  h.ave no d i s t i n g u i s h a b l e  e f f e c t ; .  

The HACk r e s u l t s  i n  f i g u r e  13, a l s o  f r o m  r e f e r e c c e  2 ,  
a r e  t l i e  o n l y  ones  a v a i l a b l e  which p e r m i t  i s c l a t i i i g  t h e  e f -  
f e c t  of  v a r y i n g  t h e  h e i g h t  of t h e  c e n t e r  o f  Z r a v i t y  above  
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t h e  k e e l ,  The r e s u l t s  a r e  som-ewhat, s c a t t e r e d ,  b u t  t h a r e  
i s  no c l e a r  i n d i c a t i o n  t h g t  t h e  v e r t i c a l  p o s i t i o n  of t h e  
c e n t e r  o f  g r a v i t y  has a n y  a p p r e c i a b l e  i n f l u e n c e  on t h e  
l o w e r  l i m i t ,  

The l o n g i t u d i n a l  p o s i t i o n  o f  t h e  c e n t e r  of  g r a v i t y ,  
t hough  u n i m p o r t a n t  I n  f i x i n g  t h e  s t a b i l i t y  l i . m i % s ,  i s  v e r y  
i n p o r t a n t  i n  a n  a c t u a l  f l y i n g  b o a t  b e c a u s e  o f  i t s  m a j o r  
e f f e c t  on t h e  f r e e - t o - t r i m  t r a c k  a n d  t h e  a v a i l a b l e  t r i n  
r a n g e ,  G e n e r a l  p o r p o i s i n g  t e s t s  s h o u l d  o r d i n a r i l y  be r u n l  
t h e r e f o r e ,  w i t h  a c e n t G r - o f - g r a v i t y  p o s i t i o n  which w i l l  
r e s u l t  i n  a d e s i r a b l e  t r i m  t r a c k ,  The  e f f e c t  on t r im 02 
a l t e r i n g  t h e  g r a v i t y  p o s f t i o n  i s  e a s i l c r  computed a f t e r  t h e  
t e s t s  a r e  co.mpleted,  

Aerodynamic  d;erivatf=,-  T h z  a n a l y s e s  i n  r c f c r e n c e  1 
i n d i c a t e  t h a t  t h e  o n l y  a e r o d y n a m i c  d e r i v a t i v e  n o t  a f f a c t -  
i n g  t h e  n e t  l o a d  on t h e  w a t e r  i n  s t e a d y  n o t i o n  and which  
h a s  any  i n f l u e n c e  on t h e  s t a b f i i t y  l i m i t s  i s  t h e  a o r o d y -  

c l ’  
namic p i t c h  damping r a t e  W 

r t  h a s  b e e n  f o u n d  a t  t h i s  t a n k  ( r e f e r e n c e s  5 ,  5 ,  a n d  
LO), a n d  a l s o  i n  B r i t i s h  e x y e r i m c n t s  ( r e f e r e n c e s  7 and  8 ) ,  
t h a t  “,e p i t c h  damping r a t e  h a s  a n  a p p r e c i a b l e  e f T e c t  o n  
t h e  l o v e r  l i m i t  a t  h i g h  p l a n i n g  speecis ,  However* if No_ 
h a s  a v a l u e  w i t h i n  t h e  r a n g e  o r d i n a r i l y  found i n  modern 
p r a c t i c e ,  f u r t h e r  i n c r e a s e  i s  f o u n d  t o  have  c o m p a r a t i v e l y  
l i t t l e  e f f e c t .  T h e r e f o r e ,  w h i l e  i t  i s  d e s i r a b l e  t h a t  a 
g o o d  a v e r a g e  v a l u e  o f  t a i l  d a n p i n g  be u s e d  i n  g e n e r a l  ?o r . -  
p o i s i n g  t s s t s ,  t h e  p r e c i s e  v a l u e  s e l e c t e d  i s  n o t  p a r t i c -  
u l a r l y -  i m p o r t a n t .  T h i s  i s  e s p e c i a l l y  t r u e  i n  v i ew of  t h e  
f a c t  t h a t  t h e  p r i n c i p a l  e f f e c t  i s  o n  t h e  l o v e r  limit a t  
h i g h  p l a n i n g  s p e e d s ,  whfch i s  a r e g i o n  o f  c o m p z r a t i v e l y  
l i t t l e  p r a c t i c a l  i m p o r t a n c e .  

The i n f l u e n c e  o f  p i t c h  damping  r a t e  on t h e  uppe r  l i m -  
i t  of s t a b i l i t y  a p p e a r s  t o  b e  c o n f t n e d  t o  a f f e c t i n g ,  t o  a 
s n a l l  e x t e n t ,  t h e  s p e e d s  at which  u p p e r - l i m i t  p o r p o f s f n g  
b e g i n s  a n 4  e n d s ;  i t  has  no m e a s u r a b l e  e f f e c t  o n  t h e  l o c a -  
f i o n  of  t h e  u p p e r - l i m i t  c u r v e u  

B k s u m k , -  T o  sum c p g  o n l y  t w o  of t h e  p o s s i b l e  11 v a r -  
i a b l e s  which  might  c o n c e i v a b l y  i n f l u e n c e  t h e  s t a b i l i t y  
l l m i t s  have  any n o t i c e a b l e  e f f e c t ,  p r o v i d e d  t h a t  

(1) Bone of t h e  o t h e r s  have a b s u r d l y  i m p r a c t i c a l  
p a l u z s .  
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( 2 )  The l i m i t  c u r v e s  a r e  c o n s i d e r e d  i n  t e r m s  o f  t h e  
r- c r i t e r i o n  ,J C,J/C~ 

i I 

- I  i 
L o a d .  on 7Catet-j I 

when colnbined t o  dCa/C,v I F e g l i g i b l e  I 

I i 

Speed  I 

I 
I 
I 
I 

D o .  i i 
I Bdass ih v e r t i c a l  o s c i l l a t i o n  I 
I 

P i t  c l i i ng  mome’nt o f  :‘ ,nert  ia 

C en t c r - o f -gr  a.7: i t y p c s i t ,  i on  

Aerodynamic Z Q  
I 
I 

I 
I 
I 

I 
I 

I 
1 Do. I 
I I 

I f M e g l i g i b l e  

j 3 0 .  1 . Aerod-ynaiuic Z;, 
i I 

i 
zq  

Aer o dynami c 

A e r  odynami c M b ,  

Aerodynani  c 

I Doc 

1 
i 

Do * 

Do e 

1 
I 
I 
i Aerodynamic ( p i t i h  d -anp ing  ra t s )  1 k p p r e c i a h l e  i I 

1 .  _----- ...-I L --- -A 

T o r  p u r p o s e s  o f  , g e n e r a l  t e s t l i n g ,  i t  r e m a i n s ,  t h e r s -  
c  ore, t o  s e l e c t  a p p r o p r i a t e ,  ~ a l u e s  o f  t h e  ae.;od-ynsmic 
p i t c h  damping r a c e  a n d  o f  t h e  pitching Zornerit o f  i n e r t i a ,  
These  z r o  d i s c u s g e k  h e r c i , n a f b e r ,  whcre some c o n s i d c r a t i o n  
i s  g i v e n  a l s o  t o  c o n v e n i e n t  p o s i t i o n s  o f  t h e  c e n t e r  o f  
g r a v i t y ,  A11 t h r e e  a r c  n e c e s s a r i l y  d e c i d e d  upon b e f o r e  
t e s t i n g  can proceGd,  ~ 

S e l e c t i o n  o f  V s l u q s  o f  I n f l u e n t i a l  VariaBles 

Berodynamic p i t c h .  damping r a t e  M * -  A s  p o i n t c d  o u t  
-___I_ _ . _ ~  _-- --Q 

in t h e  ?!iscussion t h e  p r e c i s e  v a l u e s  o f  t h e  p i t c h  damping 

c o c f f i c i e n t  ---4-- s e l e c t e d  f o r i  gcns . ra l  p o r p o i s i n g  

t e s t s  can  be mort:  o r  less a r b i t r a r y ,  F i g u r e  1 4  shows c a l -  
c u l a t e d  values o f  this c o e f f i c i e n t  f o r  a number o f  r e p r c -  
s c n t a t i v c  f l y i n g  b o a t s .  The American a n d  B r i t i s h  h u l l s  

i4 

V & b  B 
2 



shoiJ;n, h a v i n g  been c o n s t r u c t c d  d u r i n g  t h e  l a s t  d e c a d e ,  c r c  
all faii.l.y moderno .A11 of  t 5 e  values of 14 ' were c a l c u -  
l a t e d  by t h e  same method,  f o r  t h e  h o r i z o n t a l  t a i l  a l o n a ,  
f rom t h o  e q u a t i o n :  

9 
. .  

The v a l u e  o f  K inras t a k e n  a s  1 . 0 0 ,  T h e  v a l u e ?  o f  S t  a n d  
I t  were  t a k e n  f r o m  r e f e r e n c e  4 .  The r a t i o  (!?!) vas 

n a t e d  ~f.nd-tunne1 t a  s t  s f x i r n i  shcd. b y  ont? o f  t h ~  a ! . r c r a f t  
manufac t u r e r  s e 

da t 
. c a l c u l a t e 6  f o r  e a c h  c a s e  f r o n  u n p u b l i s h o d  c u r v c s  o f  c o o r d i -  

m1 - 
J.JIF; p r a c , t i c e  nt t h i s  t a n k  f o r  a n  e x t e n s i r r e  s e r i e s  o f  

s p e c i f i c  p o r p o i s i n g  t e s t s  sf m o d i f i c a t i o n s  of t h e  ZPB~!M-l 
( r e f e r e n c s  3 )  h a s  beeiz t ,o  u s e  t h r e e  v a l u e s  o f  t h e  c o e f f i -  

c i e n t  __________ ,,,-- n n m e l y ,  O e 1 2 5 ,  0 , 2 5 0 ,  ~ n d  0,590 - vhan 
H 

o c c a s i o n  demtizids b u t  t o  c n p h a s i z e  t h e  :Licf%le v s l u e  f o r  n o s t  
testing. Z i g u r e  2-4 i n d i c a t e s  t h a t  t h e s e  t h r e e  vcs . lues  s a t i s -  
f a c t o r i l y  c o v e r  t h e  r a n g e  o f  t a i l  damping r a t e s  which h a v e  
b e e n  u s e d  i n  a c t u a l  p r a c t i c e .  I t  t h e r e f o r e  a p p e a r s  t h a t  
t h e  saixe v a l u e s ,  x i t h  e q h a s i s  on t h e  m i d d l e  v a l u e ,  s h o u l d  
be r e a s o n a b l y  s n t i s f e c t o r ; :  f o r  ge ;e ra l  p o r p o i s i n g  t e s t s  o f  
most h u l l s ,  

P i t c h i n g  n o a e n t  of  i n e r t i z  .- The p i t c h i n g  noitlent o f  
i n e r t i a  has l f t t l e  i n f l u e n c e  o n  t h e  l i m f t  s o f  s t a b i l i t y  
3 u t  a f f e c t s  t h e  tjme s c a l e  o f  t h e  m o t i o n ;  a n d ,  i n  a n y  
c a s e ,  a i ;alue i s  n e c e s s a r i l y  p r e d e t e r m i n e d  b e f o r e  p o r p o i s -  
i n g  t e s t s  can  p r o c e e d .  I t  i s  p o s s i b l e  t o  show t h a t ,  i n  
p r a c t i c e ,  t h e  p i t c h i f l g  moment of  i n e r t i a  i s  c h i e f l y  a 
f u n c t i o n  o f  t h e  h u l l  l e n g t h .  

Beneon ( r e f e r e n c e  2 )  p l o t t e d  t h e  ? i t c h i n g  r a d i u s  o f  
g y r a t i o n  aga ivs t  t h e  g r o s s  l o a d ,  on a c o e f f i c i e n t  b a s i s ,  
I t  was f o u n d  t,hat k / 3  i n c r e a s e d  f a i r l y  r a p i d l y  w i t h  C n o .  
The d a t a  of r e f e r e n c e  -j kave  been  r e p l o t t e d  i n  f t g u s e  1 5 ,  
+ . q g e t h e r  v i t h  v a r i o u s  1 - 3 ~ 2 ~ 2 ~  a c c u n u l a t e d  a t  t h i e  t a n k .  
T h i s  c h a r t  in?-ic::tes R l o w e r  r a t e  o f  i n c r e a s c !  t h a n  Bensor l ' s  
ai?-? c l e t t r l j r  d o e s  n o t  a b u s e  3 e n s o n ' s  Cata .  The mean 1f ; ic  
shown i s  g i v 2 n  'oy 



S e n s o x  d i d  n o t  g i v e  a s t a t e m e n t  o f  l e n g t h s  w i t h  t h e  d a t a ,  
Tn r e f e r e n c e  4 ,  page  5 ,  i t  i s  s u g g e s t e d  t h a t  t h e  J e n g t h -  
bean  r a t i o  map be r e p r e s e n t e d  by 

L 11 /3 
-- = 5 , 0 5  ((lii,) 
b 

( 3 )  

(4) 

which  i n d i c a t e s  t h a t ;  k/fi i s  i n d e p e n d e n t  o f '  L .  

O t h e r  i n f o r n ~ t i o n  c o l l e c t e d  a t  t h i s  t a n k ,  shown i n  
f i g u r e  1 6 ,  i i i c i j c a t e s  t h s t  a S I O I ~  2 - ec rease  o f  k/L i*ritti 
i n c r e a s i n g  i: i s  p r o b a b l y  more n e a r l y  c o r r e c t ,  Xh a n y  
case ,  i t  i s  ok -v / ious  t h a t  an  a s s u m p t i o n  t h a t  k i s  p s i -  . 
m a r i l y  a fu i i c t ' i on  o f  h u l l  l e n g t h  L i s  c l o s e  t o  t i l e  f a c t s .  

F o r  t h e  p u r p d s ~ e s o f  g e n 3 r a l  t e s t f n g ,  t h e  c u r v e  of f f g -  
u re  1 6  rtpuea:vs t o  bc a s p . t i s f : . c t o r y  gn-ide t o  f i x i n g  t h e  
v a l u e  o f  k ,  E q u a t i o n  ( 5 )  may t h e n  be u s e d  ( s i n c e  11 w i l l  
be :rna:w) t g  ~ F ~ L L C B  a v a l u e  of  m a E s  f o r  c o m p u t a t i o n  o f  t h e  
p i t c h l z t g  mci?-neat o f  f n e r t i a  b j  t h r o w i n g  i t  i , i t o  t h e  form 

f rom v h i c h  

-_II__ C e n t g r - o f - - r c 2 v i t 3 L n o s i " ; o n n -  I t  i s  d e s i r a b l e ,  f o r  r e a -  
s o n s  o f  c o n v e n i e n c e ,  t h a t  t h e  p s s l t i o n  o f  t h e  c e n t e r  o f  
g r a v i t y  b e  such  t h a t  t h e  S ree , - . t o - i r im  i,r&ck m i s s e s  t h e  
l o w e r  l i m i t  o f  s t a b i l i t y  j u s t  p a s t  t h e  F u x ~  :nd l i e s  be- 
tween t h e  t w o  L i p i t s  a t  k i g k  spesd-s .  Y L i s  w:11 o r $ - i n a r i l y  
be accomp' i shed , :  w i t h  r e a s o i l a b l y  c o n v e n t i o n a l  h u l l s ,  i f  a 
l i n e  j o i n i n g  t h e  t i p  o f  t h e  m a i n  s t e p  w i t h  t h e  c e n t e r  o f  
g r a v f t y  sl-o?es f g r v a r d ,  w i t h  r e s p e c t  t o  8 p e r p s n d i c u l d r  t o  
t h e  f a r e b o d y  k e e l ,  by 20' t o  25". 

A n o t h e r ,  and  p o s s i b l y  b e t t e r ,  r i l l e  i s  t o  l o c z t e '  t h e  



c e n t e r  of  g r a v i t y  be tween  0 ,35b  and  0 . 4 0 b  f o r w a r d  of t h e  
s t e p ,  The v e r t i c a l  l o c a t i o n  i s  l e s s  i m p o r t a n t  b u t  may 
w e l l  b e  b e t w e e n  0,SOb and 1.00b above  t h e  f o r e b o d y  k e e l  
f o r  f l y i n g  b o a t s  and p e r h a p s  2 . 0 0 3  above  t h e  forebod? .  k e e l  
for f l o a t  s e a p l a n e s ,  ( s e e  r e f e r e n c e  4 . )  

C 0 NC LU S I 0 B S ABD 3 E C 0 PIMME1JD.A T 1: 0 3!T S 

The p o r T o i s i n g  c h a r a c t e r i s t i c s  of  a f l y i n g - b o a t  h u l l  
may b e  d e t e r m i n e d  by  a g e n e r a l  p o r p o i s i n g  t e s t ,  i n  wh ich  
a l l  of  t h e  ae rodynamic  c h a r a c t e r i s t i c s  - w i t h  t h e  excep- 
t i o n  of t h e  p i t c h  damssing r a t e  The 
s t a b i l i t y  l i m i t s ,  d e t e r m i n e d  a t  v a r i o u s  l o a d s ,  c a n  b e  r e -  

duced  t o  a s i n g l e  s e t  o f  c u r v e s ,  w i t h  

Mq -c a r e  n e g l e c t e d .  

ME;9 as a pa- 
V - b  

2 
P W "  

r a m e t e r ,  b y  p l o t t i n g  a g a i n s t  t h e  c r i t e r i o n  , &&a 

A p p r o p r i a t e  mean v a l u e s  C a l i  b e  deduced  f o r ' t h e  v a r i -  
a b l e s  n e c e s s a r i l y  d e c i d e d  unon b e f o r e  g e n e r a l  p o r p o i s i n g  
t e s t s  c a n  b e  made, These  a r e  d i s c u s s e d  i n  t h e  s e c t i o n  
S e l e c t i o n  o f  V a l u e s  o f  I n f l u e n t i a l  V a r i a b l e s ,  where  t h e  
f o l l o w i n g  v a l u e s  a r e  recommended: 

Aerodynamic t a i l - d a m p i n g  r a t e ,  M q  

*jq = 0 , 1 2 5 ,  0 , 2 5 0 ,  0 .500 w i t h  emnhas i s  o n  t h e  
Pw 4 m i d d l e  v a l u e  

V - b  
2 

P i t c h i n g  moment of i n e r t i a  

= 0 , 2 2 5  
L 

C e n t e r - o f - g r a v i t y  p o s i t i o n  

Oo35b t o  0,40b a h e a d  of main s t e p  

0 , 8 0 b  t o  1.00b above  t h e  f o r e b o d y  k e e l  f o r  f l y i n g  
h o a t s  a n d  

s e a p l a n e s  
2.00b above  t h e  f o r e b o d y  k e e l  f o r  f l o a t  
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A f i n a l  c h a r t  o f  t h e  t y p e  o f  f i g u r e  7 s h o w s  both t h e  
p o r p o i s i n g  and  t h o  moment c h a r a c t e r i s t i c s  o f  a given h u l l .  
Such a c h a r t  can be used t o  p r e d i c t  t h e  p o r p o i s i n g  cl iar-  
a c t c r i s t i c s  of  proposed c o m p l e t e  f l y i n g  b o a t s  o r  t o  com- 
pare hull. d e s i g n s ,  W o r k  now i n  p r o g r e s s  airns t o  p r e s e n t  
i n f o r m a t i o n  OD r e s i s t a n c e ,  s p r a y - t h r o w i n g ,  a n d  directional- 
s t a b i l i t 3 -  c h a r a c t c r i s t t c s  i n  p a r a l l e l  sfnplo f o r m .  

E x p e r i m e n k B ~ - ~  Ilkwing Tank, 
S t e v e n s  I n s t i t ~ ~ t e  3f T e c h n o l o g y ,  

HoSoken, N.J., 3ulg  3.0, 1943. 

1, 

2. 

3, 

4, 

5 ,  

5.  

Davi&son,  I<. S .  s n d  L o c k e ,  F .  W .  S . ,  i r . :  Some 
A n a l y s e s  o f  S g s t e t i a t i c  E x p e r i a e n t s  on t h e  R e s i s t -  
a n c e  alia P o r p o i s i n g  C h a r a c t e r i s t i c s  o f  F l y i n g -  
30at H u l l s .  YJiCfi. A O 3 . € i * ,  S q t *  1943 .  

b e n s o a ,  James I:.: The ? o r y o i s i n g  C h a r a c t e r E s t i c s  o f  a 
P l a n i n g  S u r f a c e  B e p r e s e n t i n g  t i le  Yorebody o f  a 
F l y i n g - 3 o a t  TrulI. BSCh L.B.E., lIay 1 9 4 2 .  

D a v i d s o n ,  Kenne th  S .  i i :*> and L o c k e , . Y .  W. S . ,  Jr.: 
Some S y s t e s n t i c  i iode l  E x p e r i o l e n t s  on t h e  P o r p o i s i n g  
C h a r a c t e r i s t i c s  o f  Plying-Boat H u l l s .  BACA b . X . L t . ,  
June 1943. 

- 

Locke ,  F r e d  V!* S . ,  Jr.: f i  C o r r e l a t i o n  o f  t h e  Dimen- 
s i o n s ,  P r o p o r t i o n s ,  a n d  L o a d i n g s  o f  E x i s t i n g  SQa- 
p l a n e  3 l o a t s  axid F l y i n g - S o a t  H u l l s ,  B k C k  R . R . E .  
Piarch 1943 .  

An o n . : P o r  p o i s i  n g I n ve  E; t i g a t  i o n . E XI?, e r i me n t s 7:: i t h 
Xodel  l co .  2 9 4 - 9  ( P r 2 g r e s s  R e p o r t  Eo. 1 o n  2 e s e a r c I l  
P r o j e c t  B - - 3 5 ) .  T . M .  B o .  4 5 ,  S t s v i n s  i n s t ,  T e c h , ,  
1941 .  

Coornbes, L .  P , ,  € 'erring, W .  G .  k . ,  and 2 c h n s t o n ,  I;.; 
The  UFe o f  D y n a r i i c a l l y  S i m i l a r  K o d e l s  f o r  D e t e r -  
m i n i n g  t h e  P o r p o i s i q g  C h a r a c t e r i s t i c s  of  S a a p l a i ~ e s ,  
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