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HYDRODYITBMIC AND AERODYNAMIC TESTS OF A FAMILY OF MODELS 

OF SEAPLABE FLOATS WITH VARYING ANGLES OF DEAD R I S E  

N a A a C a A .  MODELS 57-6, 57-B, AND 57-C 

I By John  B. P a r k i n s o n ,  Roland E. Olson ,  a n d  Rufus 0. House 

I SUMMARY 

Three models of  V-bottom f l o a t s  f o r  t w i n - f l o a t  sea- 
p l a n e s  (N.A.C.A. models 57-A, 57-B, and  5 7 - C )  h a v i n g  an- 
g l e s  o f  dead r i s e  of 20@, 25', and  30'. r e s p e c t i v e l y ,  were 
t e s t e d  i n  t h e  N.A.C.A. t a n k  and i n  t h e  N.A.C.A. 7- by 10- 
f o o t  wind t u n n e l ,  Wi th in  t h e  r ange  i n v e s t i g a t e d ,  t h e  e f -  

. f e c t  of  a n g l e  of  dead r i s e  on ma te r  r e s i s t a n c e  w a s  found  
t o  be n e g l i g i b l e  a t  s p e e d s  up t o  and  i n c l u d i n g  t h e  hump 

q l e  o f  dead r i s e  a t  p l a n i n g  speeds.  The h e i g h t  of  t h e  
s p r a y  at t h e  hump speed d e c r e a s e d  w i t h  i n c r e a s e  i n  angle 

r i s e .  

r*' s p e e d ,  and  w a t e r  r e s i s t a n c e  was found t o  i n c r e a s e  w i t h  an- 

a' of  dead  r i s e  a n d  t h e  aerodynamic d r a g  i n c r e a s e d  w i t h  d e a d  

Leng then ing  t h e  f o r e b o d y  of  model 57-B d e c r e a s e d  t h e  
water r e s i s t a n c e  and  t h e  s p r a y  a t  s p e e d s  be low t h e  hump 
speed.  Sp ray  s t r i p s  p r o v i d e d  a n  e f f e c t i v e  means f o r  t h e  
c o n t r o l  o f  s p r a y  w i t h  t h e  s t r a i g h t  V s e c t i o n s  u s e d  i n  t h e  
s e r i e s  but c o n s i d e r a b l y  i n c r e a s e d  t h e  aerodynamic  d rag .  

C h a r t s  , f o r  t h e  d e t e r m i n a t i o n  o f  t h e  w a t e r  r e s i s t a n c e  
and  t h e  s t a t i c  p r o p e r t i e s  of  t h e  model with 25' dead  r i s e  
a n d  f o r  t h e  aerodynamic  d r a g  of  a l l  t h e  models a r e  i n c l u d e  
ea  f o r  u s e  i n  d e s i g n .  

I N T R O D U C T I O N  

Seap lane  f l o a t s  a r e  usually of t h e  V-bottom t y p e  w i t h  
a n g l e s  of  dead r i s e  of from 20' t o  30°, a n g l e  of dead  r i s e  
b e i n g  d e f i n e d  as  t h e  a n g l e  w i t h  t h e  h o r i s o n t a l  made by a 
s t r a i g h t  t r a n s v e r s e  l i n e  j o i n i n g  t h e  k e e l  w i t h  t h e  c h i n e .  
The N.A.C.A. model-57 s e r i e s  of t h r e e  f l o a t  forms  w a s  de- 
s i g n e d  t o  i n v e s t i g a t e  t h r o u g h  t h i s  range  t h e  e f f e c t  of 
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dead  r i s e  on w a t e r  r e s i s t a n c e ,  s p r a y ,  and  aerodynamic  drag .  
The models of t h e  s e r i e s  were t e s t e d  i n  t h e  N.A.C.A.  tar& 
a n d  i n  the  7- by 10- foot  wind t u n n e l  a t  Lang ley  F i e l d ,  V a .  
The r e s u l t s  of  t h e s e  t e s t s  a r e  combined i n  t h i s  r e p o r t  i n  
o r d e r  t h a t  t h e y  may be u s e f u l  i n  t h e  d e s i g n  o f  t w i n - f l o a t  
s e a p l a n e s  and  i n  t h e  c o n v e r s i o n  of  l a n d p l a n e s  f o r  mar ine  
s e r v i c e ,  

DESCRIPTION OF MODELS 

The l i n e s  of t h e  models of t h e  57 s e r i e s  a r e  shown 
i n  f i g u r e  1 and  t h e  o f f s e t s  a r e  g i v e n  i n  t a b l e s  I ,  11, 
and  111. The length-beam r a t i o ,  t h e  l o c a t i o n  of s t e p ,  t h e  
a n g l e  of a f t e r b o d y  k e e l ,  and  t h e  d e p t h  o f  s t e p  a r e  t h e  
same i n  each c a s e  a n d  a p p r o x i m a t e l y  conform t o  a c c e p t e d  
p r a c t i c e  f o r  t w i n  f l o a t s .  

From s t a t i o n  6 a f t ,  t h e  s e c t i o n s  below t h e  c h i n e  a r e  
s t r a i g h t  a n d  have a c o n s t a n t  a n g l e  of  dead  r i s e  of  Z O O ,  
2 5 O ,  and 30° f o r  models 5 7 - A ,  5 7 - 3 ,  and  5 7 - C ,  r e s p e c t i v e l y .  
Forward o f  s t a t i o n  6 ,  t h e  s e c t i o n s  a r e  a r c h e d  t o  g i v e  f i n e r  
m a t e r  l i n e s  a t  t h e  bow. From s t a t i o n  1/4 a f t ,  t h e  c h i n e s  
a r e  f i t t e d  w i t h  s p r a y  s t r i p s ,  r e p r e s e n t i n g  an o u t s i d e  junc-  
t u r e  of s i d e  and  bot tom p l a t i n g  and  p r o v i d i n g  a means o f  
c o n t r o l l i n g  sp ray .  Above t h e  c h i n e s  t h e  s e c t i o n s  a r e  
rounded,  t h e  r a d i u s  o f  t h e  deck b e i n g  e q u a l  t o  t h e  h a l f -  
b r e a d t h  of  t h e  c h i n e .  

The p l a n  form of t h e  c h i n e  i s  t h e  same f o r  a11 t h e  
models.  I t  i s  f u l l  fo rward  and  t a p e r s  a f t  t o  a s q u a r e  
s t e r n .  The s q u a r e  s t e r n  p r o v i d e s  more p l a n i n g  a r e a  a f t  
a n d  a more s u i t a b l e  f o r m  f o r  a t t a c h i n g  a w a t e r  r u d d e r  w i t h  
t i l l e r  b a r  t h a n  does  a p o i n t e d  s t e r n  a l t h o u g h  i t  h a s  more 
d r a g  i n  f l i g h t .  For  f a i r i n g ,  a t a i l  similar t o  t h a t  o f  
t h e  Navy Mark V f l o a t  ( r e f e r e n c e  1) c o u l d  be added  a f t  of 
t h e  squa re  s t e r n  w i t h  l i t t l e  e f f e c t  on t h e  w a t e r  per form-  
a n c e .  

The h e i g h t  o f  t h e  models  w a s  a d j u s t e d  s o  t h a t  t h e  
maximum c r o s s - s e c t i o n a l  a r e a  a n d  t h e  t o t a l  volume o f  t h e  
t h r e e  f o r m s  a r e  s u b s t a n t i a l l y  t h e  same. The p r o f i l e s  o f  
t h e  c h i n e s  i n  t h e .  c o n s t a n t  d e a d - r i s e  p o r t i o n  a r e  d e t e r m i n e d  
by t h e  a n g l e  of  dead r i s e  a n d  t h e  h a l f - b r e a d t h  of t h e  c h i n e .  
Forward of s t a t i o n  6 ,  t h e  p r o f i l e s  o f  t h e  c h i n e s  a r e  t h e  
same f o r  a l l  t h e  models b u t  a r e  d i s p l a c e d  v e r t i c a l l y  t o  
s u i t  t h e  d i f f e r e n t  h e i c h t s  a t  s t a t i o n  6.  A t  e ach  s t a t i o n  
f o r w a r d  of s t a t i o n  6 ,  t h e  h e i g h t  of t h e  k e e l  o r  a b u t t o c k  

Y 

U 

1, 

d 
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l i n e  above a h o r i z o n t a l  p l a n e  th rough  t h e  k e e l  a t  s t a t i o n  
6 i s  t h e  sane p r o n o r t i o n  o f  the  h e i g h t  o'f t h e  c h i n e  a b o v e  
t h i s  p l a n e  f o r  a l l  t h r e e  models. 

. A s  a r e s u l t  o f  t h e  method of d e r i v a t i o n ,  t h e  f o r m s  o f  
t h c  t h r o e  models a r e  very similar; t h e  p r i n c i p a l  d i f f e r -  
ence  i s  t h e  a n g l e  o f  dead r i s e  o v e r  t h e  p l a n i n g  bot tom a n d  
t h e  a f t e r b o d y .  The p a r t 5 c u l o r s  o f  t h e  f a m i l y  a r e :  

Model 

Angle o f  dead r i s e ,  deem 

Leng th ,  i n .  

Beam, i n .  

Beam o v e r  spray s t r i p s ,  i n .  

Depth,  i n .  

T o t a l  volume, CU. in .  

Maximum c r o s s - s e c t i o n a l  
a r e a ,  sq, i n .  

The wooden models a r e  j o i n t e d  

5 7-A 

20 

84.00 

12 .oo 
12.45 

11.09 

5 , 9 4 0  

104.5 

a t  t h e  

57-B 

25 

84.00 

12.00 

12.45 

11.40 

5 , 9 4 8  

104 e 5 

s t e p  s o  

57-c 

30 

84 . 00 
12.00 

12.45 

11.73 

5 , 9 5 6  

104.5 

t h a t  t h e  
angle o f  t h e  a f t e r b o d y  a n d  t h e  d e p t h  of  the s t e p  a r e  ad- 
j u s t a b l e .  They were f i n i s h e d  w i t h  g r a y  p igmented  v a r n i s h  
rubbed  between c o a t s .  The s p r a y  s t r i p s  were made of  b r a s s  
s h e e t  and a t t a c h e d  w i t h  wood screws  a t  t h e  c h i n e ,  as shown 
i n  f i g u r e  1, The s t r i p s  t e r m i n a t e  a t  s t a t i o n  1 / 4 ,  a n d  i t  
mas assumed t h a t  t h e  bow f o r m a r d  of  t h i s  p o i n t  \ J i l l  bo i n  
t h e  form o f  a bumper pad. 

Durincg t h e  t a n k  t e s t s ,  t h e  born o f  model 57-73 was ex- 
t e n d e d  f o r w a r d  1 0  i n c h e s  by a t t a c h i n g  a plywood s k e l e t o n  
t o  t h e  bow and  f i l l i n g  w i t h  beeswax. The r e s u l t i n g  f o r m ,  
m o d e l  57-B-5, i s  shown d o t t e d  i n  f i g u r e  1 a n d  t h e  o f f s e t s  
f o r  i t  a r e  Kipen i n  t a b l e  IV, Pho tographs  o f  t h e  models 
showing t h e  e x t e n d e d  born a r e  shown i n  f i p u r e  2. 
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EPDSODYEAMIC TESTS 

Al2paratus  a n d  P rocedure  

The hydrodynamic t e s t s  mere made i n  t h e  N . A . C . A .  t a n k  
( r e f e r e n c e  2 )  u s i n g  t h e  tomin% g e a r  d e s c r i b e d  i n  r e f e r e n c e  
3. The models were t e s t e d  f r e e  t o  t r i m  a t  one c o n d i t i o n  
of  l o a d i n g  and  a t  f i x e d  t r i m  by t h e  g e n e r a l  method o v e r  a 
Ride  range of l o a d i n g s .  

In t h e  f r e e - t o - t r i m  t e s t s ,  t h e  l o a d  on t h e  w a t e r  a t  
e a c h  s9eed mas a d ? j u s t e d  by t h e  h y d r o f o i l  l i f t  d e v i c e  de- 
s c r i b e d  i n  r e f e r e n c e  3. The model was f r e e  t o  p i v o t  a b o u t  
a p o s i t i o n  c o r r e s p o n d i n g  t o  a n  assumed c e n t e r  of g r a v i t y  
of EL seap lane  a n d  i t  vas b a l a n c e d  a b o u t  t h ' i s  p o i n t  s o  t h a t  
t h e  t r i m  mas u n a f f e c t e d  by a moment from t,he weight  o f  t h e  
model, 

In t h e  f i x e d 4 r i m  t e s t s ,  t h e  l o a d  was a d j u s t e d  by 
c o u n t e r r e i g h t s .  ?he range  o f  t r i m s  w a s  s e l e c t e d  t o  i n -  
c l u d e  t h e  b s s t  t r i m  arzd t h e  t r i m  f o r  z e r o  t r imming moment 
a t  a l l  l o a d s  and  speeds  of  i n t e r e s t .  S t a t i c  d r a f t s  a n d  
t r imming nornents n e r e  obtained. o v e r  t h e  same range  of l o a d s  
f o r  t he  d e t c r m i n a t i o n  o f  t h e  F a k e r  l i n e s  a t  r e s t  a n d  t h e  
s t a t i c  s t a b i l i t y .  

i i e s u l t s  and  D i s c z s s i o n  

The r e s u l t s  o f  t h e  hydrodynamic t e s t s  were r e d u c e d  t o  
t h e  usual  c o e f f i c i e n t s  based  on F r o u d c ' s  l a w  t o  make them 
ind.ependent of  s i z e .  In t h i s  c a s e ,  t h e  beam o v e r  t h e  s p r a y  
s t r i p s  w a s  chosen  a s  t h e  c h a r a c t e r i s t i c  dimension.  The 
nondimens iona l  c o e f f i c i e n t s  a r e  d e f i n e d  a8 f o l l O W S :  

Load c o e f f i c i e n t ,  Cd = A/wb3 

F.esis tance c o e f f i c i e n t ,  cR = R / w ~ '  

Speed c o e f f i c i e n t ,  CV i= 

Trimming-moment c o e f f  i c i e q t  , Cj,q = M/mb4 

Rise  c o e f f i c i e n t ,  C r  = r / b  

D r a f t  c o e f f i c i e n t ,  cd  = d/b 

where 

Y 

n 
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i s  l o a d  on w a t e r ,  pounds.  

s p e c i f i c  weight  o f  w a t e r ,  pounds  p e r  c u b i c  f o o t  
(63.3 f o r  t h e s e  t e s t s ,  u sua l ly  t a k e n  a s  64 
f o r  s e a  w a t e r ) .  

beam o v e r  sp ray  s t r ips ,  f e e t .  

r e s i s t a n c e ,  pounds. 

speed ,  f e e t  p e r  second. 

a c c e l e r a t i o n  of g r a v i t y ,  32.2 f e e t  p e r  second 
p e r  second. 

t r imming moment, pound-feet.  

r i s e  of c e n t e r  of G r a v i t y  ( h e i g h t  above i t s  
p o s i t i o n  a t  rest), f o o t ,  

draf t  a t  main s t e p ,  f e e t .  

A n y . c o n s i s t e n t  system of  u n i t s  may be used .  The.mo- 
ment d a t a  are  r e f e r r e d  t o  t h e  c e n t e r  o f  moments shown i n  
f i g u r e  1. Tai l -heavy moments a r e  c o n s i d e r e d  p o s i t i v e .  
T r i m  i s  the  a n g l e  between t h e  b a s e  l i n e  o f  the  model a n d  
t h e  h o r i z o n  tal. 

----I----I---- Free - to - t r im  t e s t g o -  A l l  t h e  f r e e - t o - t r i m  t e s t s  were 
o f  1.575 a n d  t h e  

AO 
made a t  a n  i n i t i a l  l o a d  c o e f f i c i e n t  C 

h y d r o f o i l  l i f t  d e v i c e  w a s  s e t  t o  reduce  t h e  l o a d  t o  z e r o  
a t  a speed  c o e f f i c i e n i l  CV o f  10.0. T h i s  l o a d i n g  c o r r e -  
s p o n d s  t o  s u r p l u s  buoyancy of a p p r o x i m a t e l y  95 p e r c e n t  
f o r  t h e  form o f  deck u s e d  i n  the ser ies .  

The r e s u l t s  of t h e  t e s t s  of model 5 7 - B  a t  f o u r  f o r e -  
a n d - a f t  p o s i t i o n s  of t h e  c e n t e r  o f  g r a v i t y  a r e  shown i n  
f i g u r e  3. The d i s t a n c e  of t h e  c e n t e r  of q r a v i t y  above  the  
k e e l  i s  c o n s t a n t  a t  24.00 inches .  A t  s p e e d  c o e f f i c i e n t s  
a r o u n d  2.2 t o  2.5, t h e  r e s i s t a n c e  c u r v e s  have a n  e a r l y  
hump because  t h e  bow i s  deep ly  immersed a t  t h o s e  s p e e d s ,  
a n d  heavy spray a n d  h i s h  r e s i s t a n c e  r e s u l t .  The trims are 
l o w e r  t h a n  t h o s e  f o r  minimum r e s i s t a n c e .  Moving t h e  con- 
t e r  o f  g r a v i t y  f o r w a r d  r e s u l t s  i n  Q f u r t h e r  r e d u c t i o n  i n  
t r i m ,  a d e e p e r  immersion of the bow, and a h i q h e r  r e a t s t -  
a n c e .  The t r u e  hump speed  c o r r e s p o n d i n g  t o  t h o  h i g h e s t  
t r i m  and  t h e  maximum r e - s i s t a n c e  at b e s t  t r i m  o c c u r s  n e a r  a 



6 N . A . C . A .  T e c h n i c a l  Note No. 716  

s p e e d  c o e f f i c i e n t  of  3.5, A t  t h i s  p o i n t ,  t h e  bow i s  d r y  
a n d  h a s  no l a r g e  e f f e c t  on t h e  r e s i s t a n c e .  The t r i m  i s  
a p p r o x i m a t e l y  t h a t  f o r  minimum r e s i s t a n c e ;  moving t h e  
c e n t e r  o f  g r a v i t y  t h e r e f o r e  h a s  l i t t l e  e f f e c t  on. r e s i s t -  
a n c e  a t  t h i s  speed.  A t  h i c h  s p e e d s ,  t h e  p o s i t i o n  o f  t h e  
c e n t e r  o f  q r a v i t y  h a s  a g r e a t e r  e f f e c t ,  b u t  t h i s  e f f e c t  
i s  more r e a d i l y  c o n t r o l l e d  by u s e  of t h e  e l e v a t o r s .  

I n  a l l  of t h e  o t h e r  f r e e - t o - t r i m  t e s t s ,  t h e  c e n t e r  of 
g r a v i t y  was a t  t h e  c e n t e r  of  moments shown on f i g u r e  1 
(36 .1  p e r c e n t  beam fo rward  o f  t h e  s t e p ) .  

The f r e e - t o - t r i m  c h a r a c t e r i s t i c s  o f  models 57-A, 57-B, 
and 57-C a r e  compared i n  f i q u r e  4.. A t  t h e  t r u e  hump speed  
( c v  = 3.5), t h e  e f f e c t  of t h e  a n g l e  o f  dead r i s e  on r e -  
s i s t a n c e  and  t r i m  i s  a l m o s t  n e g l i g i b l e .  A t  h i g h e r  s p e e d s ,  
r e s i s t a n c e  and  t r i m  i n c r e a s e  w i t h  i n c r e a s e  i n  dead r i s e .  

F igure  4 a l s o  shows t h e  e f f e c t  o f  e x t e n d i n g  t h e  born 
o f  model 57-B f o r w a r d  10  i n c h e s  a s  shown i n  f i g u r e  1 
(model 57-B-5). T h i s  m o d i f i c a t i o n  C r e a t l y  r e d u c e s  t h e  r e -  
s i s t a n c e  i n  t h e  r e g i o n  o f  t h e  low-speed hump and r e s u l t s  
i n  a c l e a n e r  r u n n i n g  born, a s  shown i n  f i g u r e  5. The t e s t  
i n d i c a t e s  t h a t  t h e  o r i g i n a l  f o r e b o d y  u s e d  f o r  t h e  s e r i e s  
i s  t o o  s h o r t  f o r  t h e  assumed l o a d i n g .  Inasmuch a s  t h e  
low-sgeed hump i n  t h e  r e s i s t a n c e  c u r v e s  o f  any  of  t h e  mod- 
e l s  can be  e l i m i n a t e d  by e x t e n d i n g  t h e  bow, f u r t h e r  com- 
p a r i s o n s  i n  t h i s  r e g i o n  a r e  o f  l i t t l e  v a l u e .  With an  ex- 
t e n d e d  born, t h e  maximum r e s i s t a n c e  of a n y  of t h e  models  
W i l l  occur  a t  t h e  t r u e  hump speed  n e a r  a speed  C o e f f i c i e n t  
o f  3.5, 

Model 57-A was r u n  b o t h  w i t h  and  w i t h o u t  s p r a y  s t r i p s  
and  t h e  r e s u l t s  a r e  g iven  i n  f i g u r e s  6 ,  7 ,  and  8 .  The 
s p r a y  s t r i p s  r educe  t h e  r e s i s t a n c e  and  t h e  t r i m  a t  t h e  
hump speed and  g r e a t l y  r educe  t h e  s p r a y  a t  a l l  speeds .  
From the s p r a y  p h o t o g r a p h s ,  i t  i s  a p p a r e n t  t h a t  some f o r m  
o f  ch ine  f l a r e  o r  s p r a y  s t r i p  i s  e s s e n t i a l  f o r  a d e q u a t e  
c o n t r o l  of s p r a y  a i t h  t h e  h i g h  l o a d  c o e f f i c i e n t s  u s e d  f o r  
f l o a t s .  

Gengzal t e s t s . -  The r e s u l t s  o f  t h e  g e n e r a l  t e s t s  of 
models  57-A, 57-B, and 57-C a r e  summarized i n  f i g u r e  9 a n d  
10. I t  should  be n o t e d  t h a t  t h e  low-speed hump i n  t h e  re -  
s i s t a n c e  c u r v e s  a t  ze ro  t r imming moment can be s u p p r e s s e d  
e i t h e r  by e x t e n d i n g  t h e  bow o r  by i n c r e a s i n g  t h e  t r i m  t o  
b r i n y  t h e  born c l e a r  o f  t h e  w a t e r  because  t h i s  hump does  
n o t  occur  i n  t h e  c u r v e s  a t  b e s t  t r i m .  T h i s  hump s h o u l d  
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t h e r e f o r e  be d i s r e g a r d e d  i n  t h e  a n a l y s i s  u n l e s s  t he  s h o r t  
, fo rebody  i s  o f  i n t e r e s t  f o r  aerodynamic o r  s t ruc tu ra l  
r o a s o n s .  

A t  z e ro  t r imming moment, t h e  e f f e c t  o f  a n g l e  o f  dead  
r i s e  o v e r  a wide r ange  of  l o a d  i s  small a t  t h e  t r u e  hump 
s p e e d ;  whereas  r e s i s t a n c e  and t r i m  t e n d  t o  i n c r e a s e  w i t h  
a n g l e  of dead r i s e  a t  p l a n i n g  speeds .  A t  b e s t  t r i m ,  a 
compar ison  o f  more c e n e r a l  i n t e r e s t ,  t h e  e f f e c t  o f  a n g l e  
o f  d e a d  r i s e  on r e s i s t a n c e  i s  n e g l i g i b l e  up t o  t h e  hump 
s p e e d  but becomes marked a s  soon as t h i s  speed  i s  r eached .  
A t  p l a n i n g  s p e e d s ,  t h e  t r e n d  i s  s imi la r  t o  t h a t  o b t a i n e d  
w i t h  p l a n i n g  p l a t e s  ( r e f e r e n c e  4 )  i n  t h a t  r e s i s t a n c e  i n -  
c r e a s e s  w i t h  dead  r i s e .  The t r i m  f o r  minimum r e s i s t a n c e  
t e n d s  t o  i n c r e a s e  w i t h  dead r i s e ,  t h i s  t endency  b e i n g  more 
marked a t  h i g h  s p e e d s  than  a t  t h e  hump speed.  A t  p l a n i n g  
s p e e d s ,  t h e  c o r r e s p o n d i n g  t r imming moments a t  b e s t  t r i m  
a r e  not g r e a t l y  a f f e c t e d  by t he  a n g l e  o f  dead  r i s e .  The 
maximum p o s i t i v e  t r imming moments, however,  become l a r g e r  
as t h e  a n g l e  o f  dead r i s e  is dec reased ,  

Pho tographs  o f  s p r a y  a t  t h e  hump s p e e d  ( f i g s .  11 and  
1 2 )  i n d i c a t e  t h a t ,  a t  t h e  same t r i m ,  t h e  h e i g h t  o f  t h e  
s p r a y  d e c r e a s e s  w i t h  i n c r e a s e  i n  dead r i s e .  The t e n d e n c y  
is c o n k i s t e n t  o v e r  a range  o f  l o a d i n g s .  

speed  (Cv = 3.50) v a r i e s  a p p r o x i m a t e l y  l i n e a r l y  from 
5.1 a t  a l o a d  c o e f f i c i e n t  o f  0.9 t o  4.4 a t  a l o a d  c o e f f i -  
c i e n t  o f  1.8 for a l l  t h e  models. A t  t h i s  speed ,  t h e  va f -  
ues o f  A / R  a t  z e r o  t r imming moaent a n d  a t  b e s t  t r i m  a r e  
about the  same f o r  each  model. 

' The l o a d - r e s i s t a n c e  ra t io  A / R  a t  t h e  t rue  hump 

Model 57-B w a s  a l s o  t e s t e &  w i t h  5"and 9' a n g l e  o f  
a f t e r b o d y  k e e l  and  w i t h  0.45 inch  and  1.25 i n c h e s  d e p t h  
o f  s t e p .  A t  b e s t  t r i m ,  t h e  e f f e c t s  o f  v a r y i n g  t h e s e  pa- 
r a m e t e r s  o v e r  such wide r a n g e s  a r e  q e n e r a l l y  s imilar  t o  
t h o s e  r e p o r t e d  i n  r e f e r e n c e s  5 and 6 .  I n c r e a s i n g  t h e  d e p t h  
of s t e p  resu l t s  i n  a small i n c r e a s e  i n  r e s i s t a n c e  a t  t h e  
hump s p e e d  and  a d e c r e a s e  at h igh  s p e e d s  a n d  l i g h t  aoads .  
I n c r e a s i n g  t h e  a n g l e  of a f t e r b o d y  k e e l  h a s  t h e  same e f f e c t  
a s  i n c r e a s i n g  t h e  d e p t h  of t h e  s t e p  b u t  t h e  e f f e c t  i s  more 
marked a t  t h e  hump speed  a n d  l e s s  marked a t  h i g h  s p e e d s .  
A t  z e r o  t r imming moment, 5 O  a n g l e  o f  a f t e r b o d y  k e e l  r e s u l t s  
i n  a v e r y  h i q h  low-speed hump i n  t h e  r e s i s t a n c e  c u r v e ,  when 
t h e  f o r e b o d y  i s  s h o r t  as  i n  model 57-B, because  t h e  trim 
i s  l o w e r  a n d  t h e  bow is more deep ly  immersed t h a n  w i t h  7'' 
a n g l e  o f  k e e l .  
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----__ S t a t i c  p rope r tA23 . -  The s t a t i c  p r o p e r t i e s  o f  t h e  mod- 
, t  t h e  i n i t i a l  l o a d  c o e f f i c i e n t  u s e d  i n  t h  f r e e - t o -  
t e s t s  a r e  compared i n  f i g u r e  13. The t r i m  a t  r e s t  

d e c r e a s e s  s l i g h t l y  w i t h  i n c r e a s e  i n  dead r i s e ,  and  t h e  
d r a f t  i n c r e a s e s .  The e x t e n d e d  bow i n c r e a s e s  t h e  t r i m a t  
r e s t  and,  o f  c o u r s e ,  a d d s  c o n s i d e r a b l y  t o  t h e  p o s i t i v e  
t r imming moment a t  n e g a t i v e  trims. 

& ? s i g n  c h a r t s . -  Charts f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
r e s i s t a n c e  and  t h e  t r imming moment of models  5 7 - B  and  57-3-5 
a r e  g iven  i n  f i g u r e s  14  a n d  1 5 ,  r e s p e c t i v e l y .  The u s e  o f  
t h e s e  c h a r t s  i n  d e s i g n , p r o b l e m s  conce rned  w i t h  t h e  w a t e r  
r e s i s t a n c e  a t  a r b i t r a r y  t r i m s  o r  t r imming moments i s  de- 
s c r i b e d  i n  r e f e r e n c e  7. For  t m i n - f l o a t  s e a p l a n e s  a t  t h e  
usual  s p a c i n g  between f l o a t s  r e q u i r e d  f o r  l a t e r a l  s t a b i l -  
i t y  a t  r e s t ,  t h e  f o r c e s  a c t i n g  on t h e  f l o a t  system may be 
assumed t o  be t w i c e  t h o s e  f o r  one f l o a t  ( r e f e r e n c e  8 ) .  

The s t a t i c  p r o p e r t i e s  of models  57-B and  5713-5 a r e  
g i v e n  i n  f i g u r e s  1 6  and  1 7 ,  r e s p e c t i v e l y .  These c h a r t s  
a r e  u s e f u l  f o r  d e t e r m i n i n g  t h e  m a t e r  l i n e  a t  r e s t  a n d  t h e  
l o n g i t u d i n a l  r i g h t i n g  moments f o r  v a r i o u s  i n i t i a l  l o a d  
c o e f f i c i e n t s  and  p o s i t i o n s  of t h e  c e n t e r  of g r a v i t y .  

' I n  f i s u r e s  1 4  t o  1 7 ,  t h e  trimming-moment c o e f f i c i e n t s  
a r e  r e f e r r e d  t o  t h e  c e n t e r  of  moments shown i n  f i g u r e  1. 

AERODYNAMIC TESTS 

T e s t Pro c e du r  e 

The aerodynamic  t e s t s  o f  t h e  models were made i n  t h e  
N . A . C . A .  7- by l O - . f o o t  wind t u n n e l  ( r e f e r e n c e  9 ) .  The a i r  
d r a g  mas measured a t  a dynamic $ r e s s u r e  of 16.37 pounds 
p e r  square  f o o t ,  c o r r e s p o n d i n g  t o  an  a i r .  speed  of  a b o u t  80 
m i l e s  p e r  hour  a t  s t a n d a r d  s e a - l e v e l  a t m o s p h e r i c  cond i -  
t i o n s .  The r ange  of  p i t c h  a n g l e s  mas f r o m  -loo t o  1 6 O ,  
measured a t  2' i n t e r v a l s  f r o m  t h e  b a s e  l i n e .  

The moiiels mere mounted i n v e r t e d  on t h e  s t a n d a r d  
s i n g l e - s p i n d l e  s u p p o r t  i n  t h e  c a n t e r  of t h e  a i r  s t ream.  
Ihasmuch 8 s  a small p a r t  o f  t h e  s p i n d l e  mas exposed  t o  t h e  
a i r ,  t e s t s  mere also made w i t h  a dummy s u p p o r t  i n  p l a c e  t o  
o b t a i n  t h e  t a r e  drag.  F i s u r e  18 shows model 57-B mounted 
i n  t h e  t u n n e l .  



N . A . S . A .  Techn ica l  Note No. 716 9 

R e s u l t s  a n d  Discussion 

The d a t a  were reduced  t o  c o e f f i c i e n t  form by means of 
D 

t l ie r e l a t i o n  CD = ----- a I s  9 ( v o 1 )  

where CD i s  t h e  d r a g  c o e f f i c i e n t .  

D ,  d r a g  o f  f l o a t .  

q, dynamic p r e s s u r e  (1 /2  p v a ) .  

f o 1 ,  volume o f  f l o a t .  

The d r a g  c o e f f i c i e n t  i s  based on volume r a t h e r  t h a n  
a r e a  because  t h e  volume of a f l o a t  i s  a n  independen t  de- 
sign v a r i a b l e .  

The d a t a  a r e  p r e s e n t e d  i n  f i g u r e  1 9  as c u r v e s  o f  CD 
p l o t t e d  a g a i n s t  p i t c h  a n g l e .  The p i t c h  a n g l e  i s  r e f e r r e d  
t o  t h e  b a s e  l i n e  i n  f i g u r e  1 9 ( a )  a n d  t o  t h e  a n c l e  f o r  min- 
i m u m  d r a g  i n  f i g u r e  1 9 ( b ) .  

Model 57-A h a s  t h e  s m a l l e s t  a n g l e  o f  dead r i s e  a n d  
l i k e w i s e  t h e  l o w e s t  v a l u e s  of CD; model 57-C w i t h  t h e  
l a r g e s t  a n g l e  of  dead r i s e  h a s  t h e  h i g h e s t  v a l u e s  o f  CD. 

The l a r g e  i n c r e a s e  i n  d rag  caused  by s p r a y  s t r i p s  i s  
shown by t h e  CD c u r v e s  o f  m o d e l  57-8  w i t h  and w i t h o u t  
s p r a y  s t r i p s .  The s t r i p s  a r e  a p p r o x i m a t e l y  4 p e r c e n t  o f  
t h e  naximum beam and i n c r e a s e  t h e  d r a g  a b o u t  10 t o  15 p e r -  
c e n t  i n  t h e  f l y i n g  range.  

CONCLUSIONS 

1. The e f f e c t  o f  a n  l e  of  dead r i s e  on water r e s i s t -  
aRce i n  t h e  r a n g e  f r o m  205 t o  30° was n e g l i c i b l e  up  t o  and 
i n c l u d i n g  t h e  hump speed. A t  p l a n i n g  s p e e d s ,  t h e  resist-. 
a n c e  I n c r e a s e d  w i t h  an i n c r e a s e  i n  t h e  a n q l e  o f  dead  r i s e ,  
a t r e n d  similar t o  t h a t  o b t a i n e d  w i t h  p l a n i n q  y l a t e s .  

2. The h e i g h t  and  t h e  amount of  s p r a y  a t  t h e  hump 
s p e e d  t e n d e d  t o  d e c r e a s e  w i t h  an i n c r e a s e  i n  t h e  a n g l e  Of 
dead  r i s e  f rom 20' t o  30'. 
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3 ,  The aerodynamic  d r a g  i n c r e a s e d  s l i g h t l y  w i t h  an  
i n c r e a s e  i n  t h e  a n g l e  of  dead r i s e  from 20' t o  30°* 

4, For f l o a t s  h a v i n g  t h e  usual c r o s s - s e c t i o n a l  shape 
a n d  l o a d  c o e f f i c i e n t s  f o r  minimum a l l o w a b l e  s u r p l u s  buoy- 
a n c y ,  the  length-beam r a t i o  of  t h e  f o r e b o d y  s h o u l d  be ap- 
p r o x i m a t e l y  4,0, o r  l a r g e r ,  t o  r u n  c l e a n l y  a t  low s p e e d s  
on t h e  mater .  Too s h o r t  a n d  b l u f f  a f o r e b o d y  w i l l  r e s u l t  
i n  e x c e s s i v e  s p r a y  and  r e s i s t a n c e  a t  s p e e d s  below t h e  hump 
speed . .  

5. Spray s t r i p s  mere a n  e f f e c t i y e  means o f  r e d u c i n g  
s p r a y  a t  t h e  h i g h  l o a d i n g s  employed w i t h  seaDlane  f l o a t s ,  
but they  caused  h i g h  aerodynamic  drag.  

Langley  M e m o r i a l  A e r o n a u t i c a l  L a b o r a t o r y  , 
N a t i o n a l  Adv i so ry  Committee f o r  A e r o n a u t i c s ,  

Langley  F i e l d ,  Pa. ,  June  6 ,  1939. ' 

Y 
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TABU 1 

ORSETS FOB H . A . C . A .  XODEL 5 7 4  (IHG4ES) 

Table6 1,a 

TA&I If  

OPFSETS TDB B.A.C.A. MOIPL 57-B (1lr-S) 

D I B t a n c o  frm center 11- to buttock (E) DlsWe from b a r  U n o  to  rtor 11- (II) 
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UBII I11 

Station fma t.1 n m r3 34 C%IM D.sk ChiU hi2 =3 .u WL5 Dwk 
P.P. 1.p. 2.40 3.60 4.Q lO.23 8.73 7.23 5 .73 4.23 hdia 

P.P. 0 2.07 2.07 2.07 ha- 
9eaT 

n ,ter line t o  buttock (B) mmtanm fmm bc 

'I 

LI 

1 I I I I 
6.00 I I 
5.97 
5.86 i 
5.70 

me 1%- t o  r t e r  line (WL) me 1%- t o  r t e r  line (WL) 

* Din- from center l lm t o  bilttock (B) 

n 
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t' 

*' c 

57-A 

57-B-5 

57-2 
Figure 2.-  Photographs of the models. Model 57-B shown with extended bow. 

Figure 18.- Xodel 5 7 4  mounted i n  the wind tunnel. 
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7 = 6 . 6 O  7 =  7-40 
Yodel 57-B Kodel 57-B-5 
Short bow Extended bow 

P i g u n  5.- Effect of extended bow on mprq at Cv= 2.28 and Cb= 1.50. 
Roe t o  trim. 
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Cv= 1.9, CA = lo=, 7 s  5.6' Cv'2.2, Cb= 1.50, 7= 5.6' 
Model 5 7 9  Model 574-1 

With 8pr.y strips Spray strlpr removed 

rignre 7.- Effect of mpray rtripr on qr.y at low rpeed. lrree to  trim. 

t 
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Cv= 3.4, CA = 1.37, 7= 11.4' 

With spray etrips 

Cv= 3.5, C, = 1.35, T= 12.5' 

Spray strips removed 
Model W 4  Model 574-1 

Bigure 8.- Effect of spray rtrips on rprw at hump speed. Bree t o  trim. 
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. .  
Flguro 10.- Pffwt of -10 of d d  rim on charaoterlrtior at boot t r i m .  
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1 

Pig. 11 

Model 5 7 4  Model 5 7 4  
Angle of  dead rise, 20° Angle of dead riee, 3 0 ~  

r1-e 11,- Effect of -le of dead rire on rpray at hump aped.  
Cv ,approximately 3.50; 1l0 fixed trim. 
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-- 

Pig. 12 

Yodel 5 7 4  Model 57-C 
angle of dead rise, 20' Angle of dead rise, 30' 

Figure 12.- Effect of angle of dead rise on spray at hump speed. 
Cv ,approximately 3.50; 13' fixed trim. 

c 
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. 

Trim, dag. 
Plgure 150.- Model 57-B-5. 
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‘9 

Trim, deg. 
P i w e  1 4 b ~  Hodel 5 7 4 .  



3 7 11 15 3 7 11 15 3 7 11 
Tri., dog. 

?iW@ 140.- Yodel 574. 
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rm 
2.8 

Tiguro 15 

3.4 

13 5 
d e -  .- Hod01 57-B-5. 

Tig. 16b 
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