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i NT R O ~ U C 1  i O U

The purpose of the subject task is to develop a t e c h n i c a l

p r a c t i c e  for c a l c u l a t i n g  the- rudder and d i v i n g  p la n e  torque

r e q c i r e m e n t s .  In the cours r of this  development , the current

N A V ~-. E C  p r o c e d u r e  f o r  e s t i m a t i n g  the t o r q u e  r e q u i r e m e n t s  was

u p d a t e d  and d o c u m e n i t e d ; the  c u r r e n t  s t a t e  of t he a r t  w a s

d c f i r c ~~d to  d e L c r ~1 i n c  i f  the  c u r r e n t  p r o c c - d u r .  s h o u ld  he r e —

~‘ i :~L~~~; . ì d  r c c ~~ c ’ i e r ’ d a t i ’ — r c s w e r t ~ ma de f o r  f u t u r e  r c s e 5 rch  and

d e - ~’ c 1 n ~~r t - n t  tu f i l l  g a p s  in  the  c u r r e n t  t e c h n o lo g y .

Th e -  .~co pc of t h i s  s t u d y i s  r e s t r i c t e d  to  the  f o r c e  and

to  q u t ~ ca l c u l r t i o n  pr ce d u r e  f o r  r u d d e r s  and  d i v i n g  p l a n e s ,

al t h o t j h  i t  i s  r e a l i z e d  t h a t  t h i s  i s  o n l y  a p a r t  of the  l a r g c - r

pro1 ; l~~~ of p r e d i c t i n g  s i p  - - a n e u v e r a b i l i t y .  Th e s t u d y of  s h i p

hu 1 l  n~~n e u v e r i n q  c h a r d c t e r i s t i c s  and the p r o p e r  s e l e c t i o n  of

control ~.ur fac c a r e a , l o c a t ion a nd shap e  and other p a r ameters

w h i c h  a f f e c t  t h e  t o r q u e  r e q u i r e n c n t s , ‘,~e r e  c o v e r e d  v e r y  b r i e l l y

in t h i s  r c Po r t .~~
\

S e c t i o n  2 of t h i s  r e p o r t  c o n t a i n s  a g e n e r a l d i s c u s s i o n

of c o n t r o l  s u r f a c e  d e s k n  c o n s i t h - r a t i o n~ w h i c h  shou ld be r~adc

in t h e i r  sel e~~ti o n  and constru ction. These co n s i d e r a t i o n s  are

d i~~cu~- s ed in o r d e r  to p r e s e n t  t he  o v e r a l l  s c o p e  of the  c o n t r o l

s ( lr f d c e  d e s i g n  p r o b l e m , a l t h o uj h  the  s u b j e c t  t a s k  o n l y  d e a l s

w i t h  the  i t e m s  out l i n e d  a b o v e .

S e c t ion 3 provide s a d e s c r i p t i o n  of the  c u r r e n t  me thod

u s e d  by N A V S E C  f or d e t e ~- r n i n I n g  the torque requIre m ents of

surface shi p spade and horn rudders and submarine stern planes ,

1-I 
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r u d d e r s  and fa i rwa t t’ r p lanes. The method assumes the per-

t inc ni t c o n t r o l  s u r f a c e  d e s i  n c o n s i d e r a t i o n s  h a v e . a l r e a d y

been  a d d r e s s e d .  D e t a i l ed  m a n u a l  c a l c u l a t i o n  fo r  the  c u r r e n t

m e t h o d  a r e  p r o v i d e d  in the A p p e n d i x  in a s t e p - b y - s t e p  f a s h i o n .

S e c t ion ~i c o n t a i n s  the up da ted sect i ons of the NAVSEC

T e c h n i c a l r r a c t i c ~~ M a n s a l w h i c h  a r e  p e r t i n e n t  to the  s u b j e c t

H t a s L .  T h i s  ha s  b e e r  done to p r e s e n t  the c u r r e n t  p r a c t i c e  us e d

~• J~” S F C  f o r  con~~ro 1 s u f ~~cc t o r q u e  ca l c u l a t i o n s .  ihe s e c t i o n s

updo te ~ a r c  S e c t i o n  3 of P a r t  A “ Ruddc r  D e s i g n ” , a n d  Sections 3 .i ,

4 . 2 , 5 . 1  and 7 . 1  of P a r t  B “ S u b m a r i n e  C o n t r o l  S u r f a c e s .  The m a t e r i a l

of o t h e r  s e c t i o ns  of the  T e c h n i c a l  P r a c t i c e s  ~anua l r e l a t e d  to

r u d d e r  d e s i gn a r c  d i s c u s s e d  in g e n e r a l t e r m s  in S e c t i o n  2 of

t h i s  r e p o r t .

Section 5 p r e s e n t s  the  s t a t e  of t he  a r t  of c o n t r o l  s u r f a c e

t o r q u e  ca l c u l a t i o n s .  The m a t e r i a l  in t h i s  s e c t i o n  i s  b a s e d  on

a l i t e ~~a t u r c  s u r v e y .  The comp l e t e  p r o b l e m  of s h i p  m a n e u v e r -

a b i l i t y  and i t s  re l a t i o n s h i p to  c o n t r o l s u r f a c e  t o r q u e  pre-

d i c t i o n  i s  c o n s i d e r e d  h e r e .

H The s i x t h  and f i n a l  s e c t i o n  p r e s e n t s  our r e c o r i c r e n d a t i o n s

for p o s s i b l e  r e v i s i o n  of the current procedure and for future

r e s e a r c h  and d e v e l o p m e n t  ba s e d  on t he s u r v e y  and i n t e r p r e t a t i o n

of av a l la b l e  l i t e r a t u r e .

We d e c i d e d  not  to revise the current procedure for cal-

c u l a t i n g  the c o n t r o l  surface torque req~~ir cr-unts although we do

r e c o m m e n d  m o d i f y ing the  N A V S E C  compu te r  p r o g r a m s  to p r o p e r l y

r e f l e c t  the  u p d a t e d  p r o c e d u r e  out l i n e d  h e r e i n .

4
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2 .  C O N T R O L  1-- U R F A C E  ~F~;i ( ; U c o r s ; D E R ; , T I o N s

2.1 i n t i o d u c t i o n

Th i~ s e c t i o n  br i e f l y  p r e s e n t s  a g e n e r a l  d i s c u s s i o n  of

c o n s i d e r a t i o n s  ae~:c s s ~~r y  fo r  the  se l e c t i o n  and c o n s t r u c t i o n  of

c o n t r u l  s u r f a c e s .  A l t h o ug h mu c h  of t h i s  i : iater i a l  a p p e a r s  in

Nfc V~~E ( ’ s T e J , : i c ~i! P r a c t i c e s  hanua l , th i s  s e c t i o n  do es  not

a t t ~~c . - I ’ t  to d e s c r i b e  N~c V S L C ’ s d e s i9 n  p r a c t i c e  f o r  c o n t r o l

s u r l . - c e s

2 . 2 S u r f : c c  f~h i p R u d d e r  D - ’ s i o n

2 . 2 . 1  G e n e r a l

The a i r .  of  rudd - ± r des i gn i s  to p r o v i d e  t i g ht

t u r n i n g ,  d i r e c t i o n a l s t a b i l i t y ,  go od  a b i l i t y  to i n i t i a t e  and

c h e c k  s w i n g s  r a p i d ly and good c o u r s e - k e e p ing  a b i l i t y .  Q u a n t i -

t a t i v e  m~~a s u r c s  of t h e s e  a r e  u s u a l l y  i n v e s t i g a t e d  b y t a c t i c a l

d i a m e t e r , Ker ~~f or 1 csan~~uvc r  ( z i g - z a g s ) and s p i r a l  r a n c u v e r

( D ie u d o n n~
’) m odel tests.

2 . 2 . 2 R u d d e r  P l a r . f o r r~ and  L o c a t i o n

R u d d e r  a r e a  i s  c h i e f ly  d e t e r m i n e d  b y t u e  re-

q u I r e n e  r t f o r  t a c t I ca 1 d I a net  c r , d i r t- c t i on a 1 s t a b  i I I t y , a nd

m a n e u v c r ~~b i l i t y  w h i l e  the  v e s s e l  i s  u n d e r g o i n g  r e p l e n i s h m e n t

a t  s e a .  W i t h  t h i s  in m i n d , the  r u d d e r  a r e a  i s  p r o p o r t i o n e d

upon l e n g t h  a nd d r a f t  f r o m  s i m i l a r  p r e v i o u s  s h i p s .  Mode l

t e s t s  a re  usua ll y run to ve r i f y the d i r e c t i o n a l  s t a b i l i t y

and t u r n i n g  c h a r a c t e r i s t i c s .

2- 1
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R u d d e r s  are g e n e r a l l y  i ì o v c d  out  of a p o s i t i o n

d i r e c t l y in  l i n e  w i t h  p r o p e l l e r  s h a f t i n g  iii o r d e r  to a v o i d  t he
- 

. p rope l l e r  t a i l  cone v o r t e x .  T h i s  i s  e v e n  done w h e r e v e r

p o s s i b le  f o r  s i n g le s c r e w  s h i p s  w i t h  h i g h  p o w e r .  H o w e v e r ,

th e  r u d d e r  i s  a l w a y s  p l a c e d  p a r t i a l l y  in the  p r o p e l l e r  r a c e .

Adequ a te clearance should he provided so the

p r o p e l l c r  r ì ~~y he u n s h i pped  w i t hout  u n s h i - p p ing  t he  r u d d e r .

To avoid v i b r a t i o n  the m i n i m u m  d i s t a n c e  a l l o w e d

h~~t w c c n  t he  l e a d i n g  ed ge of the  r u d d e r  and  a p o i n t  on t h e  l i n e

of m a x i w c r  p r o p e l le r  b l a d e  t h i c k n c s s , 0 . 7  r a d i u s  f r o u  the s h a f t

c e n t e r l i n e  s h o u l d  e q u a l  o n e - h a l f  the  p r o p e l l e r  d i a m e t e r .

2 . 2 . 3 R u d d e r  S e c t i o n s

R u d d e r  s e c t ion  s h a p e  i s  d e f i n e d  by the NA C A

s y m m e t r i c a l  f o u r — d i g i t  series w i t h  thickness/chord ratios

d e p e n d e n t  on s t o c k  s i z e  and sel~~cted rudder prof i le. The

m a x i m u m  th i c k n e s s / c h o r d  r a t i o  = 0 . 2 3 .  N o r m a l l y  the m a x i m u m

r u d d e r  s w i n g  p e r m i t t e d  Is  l i m i t e d  to 35 degrees w i t h  an

a d d i t i o n a l  two degrcc s to hard stop. The after ed ge has

a d e f i n i t e  h a l f - b r e a d t h  and the corners of the t r a i l i n g  ed ge

arc l e f t  s h a r p .

2 . 2 . 4  R u d d e r  S t o c k  S t r e s s  A n a l y s i s

A stress anal y s i s  is u s u a l l y  made d u r i n g  desi gn

and the sh I pbu i Ide r is usua l 1 y requ i red to make one based on

actual s c a n t l i n g s .  Stresses are l i m i t e d  so as to provide a

m i n i m u m  factor of safety of 2.0 on y i e l d  w i t h  loads computed

as in d i c a t e d  in Section 3.2. Where loads are estimated b y

1 ess r e l i a b l e  means (e.g. Jo e ss e l’ s formula) , the m i n i m u m

f a c tor of s a f e ty is taken as 2.5 on y i e l d .

4 2-2
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Wh en a r o l l e r  b e a r i n g  is  used , the rudder stock

h c n J l  ny s t r e s s  w i l l  be hi gher than the st res s for a sleeve

b e a r i n g  due to the i n c r e a s e  in b e n d i n g  moment r e s u l t i n g  from.

t i e d i s t a n c e  het ~-. e rn  t h e  s h i O  s h e l l  a d  b e a r i n g  f o r  ma i n t e n a n c e .

2 . 2 . 5  Ru~~~e r  S t o r k  ~a t e r i a l

Th e  ;‘ i r . i n un  y i e l d  s t r e n g t h  fo r  low  c a r b o n

~l i r .- ~ t e c 1  rud~~rr ~~~ of ;~~I l i ~~r” ‘JJ p5 is 65 ,000 ps i

a ’~d f o r  cor ~~ a n t  s l i ps l O O ,000 p s i . ~ he r c  r u d d e r  s t o c k s  a r e

r e c~u i r e d  to h a v c  l i t t l e  or no m a g e c t i c  p e r m e a b i l i t y ,  a l u m i n u m

b r o n ? e  has  ~, m r Le d  ì,’ e l l  or A MS 60 and M S O 4 2 1  and M S O  5 2 3

classes.

The u s e  of  hi g her  s t r e n g t h  s t e e l s  t e n d s  to  s a v e

~e i g h t  a n d  p e r m i t  th i n n e r  r u d d e r  s e c t i o n s  b ot h  of w h i c h  a r c

d e s i r a b l e  e s p e c i a l l y if  t h e r e  i s  d i f f i c u 1 ty o b t a i n i n g  a

c h o r d / t h i c ’~n i s s  r a t i o  of 0.23 . There arc however the f o l l o ~’:ing

d r n - ..’h ack s .

(a) The d e f l e c t i o n  of the stock tends to he

greater , i n v o l v i n g  a p o t e n t i a l  proble m

w i t h  s e a l s .

( b )  Th e n a t u r a l  f r e q u e n c y  t e n d s  to  be l ow e r

wh ic h  w i l l  i n c r e a s e  t he  p o s s i b i  l i t y  of

v i b r a t i o n .

2 . 2 . 6 R u d d e r P l a t i r g aiid F r a m i n r ,

Rudder p l a t i n g  i s  HY 80 and i n t e r n a l  m e m b e r s

are HIS or MS.
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2 .2 . 7  e a r i r c ~s

The te’o b a s i c  types of bearin ti s w h i c h  are

u s e d  a r e

( 1 )  Ro l l i n g f r i c t i o n  or a n t i — f r i c t i o n .

(2) S l i d i n g f r i c t i o n or sleev e .

The f r i ( t i c n  c o e f f i c i e n t s  used arc 0.01 for

an i i - f r i c t i c ’ r and 0.20 for sle e v e  types - . For r o l l e r  or b a l l

~r i gs , t he r a t i o  of the b e a r i n g  d i a m e t e r  d 1 to the stec k

d d 1 /d~~l . 2~~.

The b e a r i n g  m a t e r i e l  is u s u a l l y l a m i n a t e d

t h en o l i~ al though cob a lt base c l l o y  r a y  be used to p e r m i t

h i g h e r b e n J i n ~, stress e s.

2.2.8 B e a r i r r  S e a l s  m d  L u b r i c a t i o n

S l eeve and r o l l e r  b e a r i n u s  wi t h n  the h u l l

are u s u a l l y  p r e s s u r e  g rease l u b r i c a t e d .  A d j u s t a h l e  sea l s

~re pr ovH ed and r c d e  in h a l v e s  to f a c i l i t a t e  shi pp ing and

Lns ~~~p p i n g .

The m o s t  r e c e n t  p r a c t i c e  w i t h  ro l l e r  b e a r i n g

s e a l s  is to use a g l a n d  e ’ i t h  p a c k i n g ,  a d j u s t a b l e  from i n s i d e

the s h i p  for t i c  h u l l  seal. T h i s  m e a n s  m o v i n g  t h e  h u l l  r o l l e r

b e a r i n g  upw:~rd s  a l i t t l e  w i t h  a s li ght  i n c r e a s e  in rudder stock

b e n d i n g  m c r c n t .  T h i s  seal d e s i g n  has the advantage of bein g

r e p a i r e d  w hen  the shi p is a float.

2.3 S u b n a r i n e  C ontrol Surface Desi gn

2. 3 .1 G e n e r a l

The b a s i c  i n t e n t  of su b m a r i n e  control

surface d e s i gn is to obt a i n  p o s i t i v e  d i r e c t i o n a l  s t a b i l i t y ,

- 
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good depth and cour se keep ing a b i l i t y  and good a b i l i t y  to

i n i t i a t e  ari d check trajectory changes. The p r e l i m i n a r y

d esi g n e s t i m a t e  of r e q u i r e d  control surf a ces are g e n e r a l l y

tested b y N SF~DC and a d j u s t m e n t s  made as necessary.

Di r e c t i o n a l  s t a b i l i t y  and control are

b as i c  d s ’ s i a n  r ’ q u i  re~-m-ri t s for ah ead sub m erged o p e r a t i o n .

Im ,t e r r  o p( r a L i ( n  i s  ~u i t c  u n s t a b l e  and g e n e r a l l y whatever comes

o r t  of the L e s i r t ha t  has  bee n based on ahead o p e r a t i o n  is

a ccepted.

2.3 .2 F a i t e . t e r _P l n n f  Des~~~n

F a i r w a t c - r p lanes arc more commonl y c a l l e d  f or

t h a n  bow p l a i~e~, in c urrent des i gn p r a c t i c e .

r a i r ~~ater p l e n e s  outreach is u s u a l l y kept

~. t h i n  ti- c m > ~ir iun b e , r i  to ~ l low for r o l l i n g  a l o n g s i d e  a

dock. The I e i q F t  of the p lan e s is i m p o r t a n t  in r e l a t i o n  to

a . c i d i r q  d f l i c u l t i c s  ir ~ p e r i s c o p e — d e p t h  control. P o s i t i o n i n g

t i m  ~~l. n c s  too h i g h on the s a i l  may cause loss of p lane

ef~~c c t i v c n c r -~,.

The l e a d i n g  ed~;e is u s u a l l y raked to de f l e c t

m i n e  ca~~le~~. T I p s  sho~~ld be rounded to reduce noise levels.

2 .3 .3 Stern P l a n t -s and S t a h l  I i ze rs

T h e  area n e eded at the stern for stabi l i t y  in

t i e  v e r t i c a l  p l ane is d e t e r m i n .d  b y theory and model test.

[he area is u s u a l l y  too large to be a l l  m oveable so part of

I t. i s  i n s  ta l  l ed  as a f i x e d  s t a b i l i z e r .
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The p la n form and lo cation of stern p l a n e - a n d ~

s t a b i l i z e r  a r e  s e l e c t e d w i t i r  the f o l l o w i n g  c o n s i d e r a t i o n s  in

a d d i t i o n  to c n v e n t i o n a l  h y d r o d y n a m i c  e f f i c i e n c y :

a) The l e a d i n g  ed ge rake should be such as

to d e f l e c t  m i n e  cable s ; for n~~n - r a kc or

very s m a l l  rake , cable ¶jua rd s s h c u l d  ha

p r o v i  d c d .

b) A m i n i m u m  d i s t a n e e  equ a l to or- c p r o p e l l e r

r a d i u s  s h o u l d  be m a i n t a i n e d  between a

p o i n t  on the l i n e  of m a x i m u m  b l a d e  t h i c k n e s s ,

0.7 r a d i u s  fro m the shaf t ~e n t e r l  in c to the

n e a r e s t  ed ge of the  s t e r n  p l a n e .

c) Ti r e span , w h i c h  u s u a l  1 ’,- ex ceeds the be am ,

s h o u l d  be 1 i m i  t€~ So as to faci Ii  tate

n e s t in g ,  com ing a l o n e s i d e  a dock , and for

la r g e r  subs to incr e a~~c the a v a i l a b i l i t y

of the number of dr y docks and bui l d i n g

ways tha t  may be e r p lt ’ y ed.

‘1 2.3 .4 Rudders

The pro b l e m s  associated . it h  s u b m a r i n e  rudders

ar e g e n e r a l l y s i m i l a r  to those encountered w i t h  surface shi ps.

O ne s p e c i a l  p r oblem as sociated w i t h  the t ops i d e rudder of a

s u b m a r i n e  is the flow d i s t u r b a n c e  cau sed by the s a i l  and

s u p e r s t r u c t u r e .  Because of t h i s  wake d i s t u r b a n c e  the top s ide

rudd e r is not very effective for s t a b i l i t y  where sm a l l  ang les

a,~ - i n v o l v e d  even though q u i t e  effective for t u r n i n g .
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The r u d d e r  p l a t i n g  i s g e n e r a l l y HY8O stee l oi th

HT~ or MS for i n t e r i o r  n a t e r l i l .  Wood w i t h  hot vegetable p it c h

or f o a m .d - i n - p l n c e  p l a s t i c  s y n t a c t i c  foam m a y  be used as

f i i 1 i n ~ m a t e r i a l .

2 . 3 . 5 r i r I r

D e p a r t a r e s  I rc,- p r a c t  i ce I is ted for s u r f a c e

s Ir I p .— s f ow

a) Lan i r a t e d  p I e n o l i ~ b e a r i n g s  are not c o rico rl y

used on s u b m a r i n e s .

b) A n t i - f r i c t i o n  ( r o l l e r )  b e a r i n g s  are not

used for r a d i a l  loads.

Cob a lt base a l l o y  is the usual m a t e r i a l

for a d i a l  l o a d i n g .

c) Rudder c a r r i e r  b e a r i n g s  take th r u s t  in a

f r e e - f l o o d i n g  space. N i c k e l - c o p p e r - s i  li-

con a l l o y  is the most comm on m a t e r i a l  for

these b e a r i n g s .
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3 . u M R b i N T  C R L C U L A ~~I ”~ !‘n C
~~i 1 J ~~F FO R RU D DER S i~tJD D I V I N G

l L A i L~ F u ,~~ES , O L L- ,N ~) ~- ( r M 1 ~
3 . 1 I n t r u c t i on In r C a 1 c u I a t I on F’ r mc e d u r e

This s e c t i o n  of the report describes ti r e rudder de-

si gn work after t i e  r u d d e r  confi g u r a t i o n  and location have been

d~~t e r  m i n e d .  The h y drody na r r i c torque is c a l c u l a t e d  and from t h i s

¶ h C s~~r u c t u r a I  a:d m e c h a n i c a l  featu r es are d e t e r m i n e d  for re—

I i a f i l t ~ at los: co s t.

In the c : l p L t a t i o n  of rudder forces , b e n d i n g  rn e - c n t s

a rd t orqu e s , aerodyn an ic and h y d r o d y n a m i c  methods are used w i t h

a l l o w a n c e s  developed from t \ r - c r i e n c e .  T h i s  procedure w i f l  be

exp l a i n e d  for v a r i n e s  type s of surface sh i p and s u b m a r i n e  con-

tro l surfaces.

- 3.2 Flow Spe~~d and A n c l e  of A t t a c k

3 . 2 . 1  r l r ~.- Sp eed

The shi p ~p ecd used is the speed the sh i p

would a t t a i n  at f u l l - p o w e r  p l u s  one knot , w i t h  the s h i p  in

a l i g h t - d i s p l a c e m e n t  c l e a n - b o t t o m  c o n d i t i o n  s u c h  as can o c c u r

4 on b u i l d e r s  t r i a l s .  Any r e d u c t i o n  of speed in a turn is an

a d d i t i c n a l  factor of safety and is not c a l c u l a t e d .  For a

r u d d e r  in the p r op eHe r ra ce the speed of the w ater over

t h~ rudder is assu m ed to be (Shi p Speed as d e f i n e d  above)

(I + Real P r o p e l l e r  S l i p). Th i s  speed is a s s u m e d  to occur

u n i f o r m l y over the complete control surfa ce span. For port ions

of rud ders rot in the race , shi p speed is used.
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3 .2.2 A nq l t :  of !t tark

For both surf a ce s h i p and s u b m a r i n e  co r tr o l

s u r f a c e ; the  e f f e c t i v e  a t t a c k  a ng le s ho u ld be t a k e n  as so me

f ct or t i m e r -  the actual qeo t-i ctric ang le. T h i s  is an a r b i t r a r y

d r i f t  a n o l e a l l o w n n c e  b ase d on shi p t r i a l  e x perience. The fa c--

to ur , f o r  v a r i o u s  c o ntrol s u r f a c e s  ar e l i s t e d  in the t a b l e  belo w .

i~~m. t~~ i~~- ] s d  t o  O b t a i n  E f f e c t i v e  A t t a i k  A n q l e

Contr o l g u r f a c e  Fact or

S u r f a c e  S h i p  Rudder 0.75

Su b m a r i n e  Rudd e r

S u b m a r i n e  S t a r n  Plan e- 1 .0

S u b m a r i n e  F ~i rw a ter rla n e  1.0

3 .3 j l Gn~~~a n d_ C f f e c t v Aspect P a t i o

In order to use free stre am aerod y n a m i c  and hy d r o d y n a m i c

data , it is n ec es sary to c a l c u l a t e  the e f f e c t i v e  rudder aspect

r a t i o .  In i d t u l  cases t h i s  is equal ~o span squared over

a rca and is d c u b  led I f th re is “n o  g a p ’’ he tw e e r  the r u d d e r

root and h u l l .  If the h u l l  gap is s m a l l  at zero r u d d e r  and

l a r g e  at f u l l  r u dder , the e f f e c t i v e  a spe ct r a t i o  is comput ed

3-2
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b y r u l t i p l y i n g  the g e o m e t r i c  a sp-o ct r a tio b y a  c o e f f i c i e n t

v a r y i nq l i n e a r l y f r o m 2 . 0  a t 0 de g r e e  to 1 .0 at f u l l  r u d d e r

an g le. If the yap is large at a l l  ang le s , the g e ometric

as p tct ratio i s us ed throug hout the range of rudder ang l es.

3 .~ i Use of l~ind T u n n e l  Da ta

The c a l c u l a t i c i n of rudder forces and torques is m ostly

b y ~.er cd yra: ;m c m e thods w i t h  some modi fi c a t i o n  for shi p ap—

p l i c i t i o n .  The c a l c u l , r i o n  procedure for 
~F l ’ th e h ydro-

d y n a m i c  t o r q u e , of e a c h  of the  c o n t r o l  surfaces is d e s c r i b e d

below. W i t h  the exception of the horn rudder , computer pro-

gra m s e x i s t  w h i c h  can p erfor m th es a torque c a l c u l a t i o n s .

3. 14 •  1 ~~~ de
__

R u d d e r s

T h e  most i m p o r t a n t  source of data for the

torque c a l c u l a t i o n s  of spade rudders is DTMB Report 933  “Free-

Str e am C h a r a c t e r i s t i c s  of a F ai r i H -  of L o w — A s r - e c t — R a t i o  A l l

ti ov eab le Control Surfaces for A p p l i c a t i o n  to S h i p  D e si gn ’

( Revis c d E d i t i o n ) .  The data from DTMB Report 933 ha s been

cro ssf air cd so that the- o r d i n a r y  coeffici nts ( l i f t , drag,

nor m al force , chordw is e and spar iwise center of pressure) are

‘1 p l o t t e d  versus aspect r a t i o  for various org i es of a t t a c k .  T h i s

is done for both squ ared and rounded ti p s lo pes and for sweep-

back a n q l e s  of -8.0 , 0.0 , and 1 1 . 0  d e g r e e s .  The r u d d e r  t o r q u e

obtained w i t h  t h i s  method is c a l l e d  Q
~~

, t he h y d r o d y n a m i c

t o r q u e .  The r e s u l t s  of the t o r q u e  c a l c u l a t i o n  are p r e s e n t e d

in a p l o t  of v e r s u s  a t t a c k  a n g l e  where n e g a t i v e  t o r q u e

i n d i c a t e s  a t r a i l i n g  t e n d e n c y  (center of p r e s s u r e  aft of the

ce n t e r l i n e  of the stock).

A det a i l e d  e x a m p l e  c a l c u l a t i o n  for spade r u d d e r s

4 Is shown in A p p e n d i x  A. The b a s i c  pr ~o ccdu rc is as f o l l o w s :

3 — 3
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(A )  Usc  th~ d e s i q n  c h a r t s  f r c a  t h e  D T t ~B #933 f o r  the

a p p r o p r i a t e  s w e e p  ang le  and t i p shap e and deter-

m i n e  t h e  c o e f f i c i e n t s  fur l i f t  C 1, drag C
D 

and

ch ord w i se cent er of pressure ( c P )  for the
C

d e s i r e d  aspect r a t i o  and a n g l e  of attack.

(13 ) I n t c r p e l a t e  tire c o e f f i H e n t s  from step (A)

bet. u-e~~n the se — 8.0 ,0 and II degree v a l u e s

f o r  t h e  va l u e s  a t  t he  a c t u a l  q u a r t e r — c h o r d

sweep an g l e .  Sweep iack ang les h i g her than

11  d e g r e e s  can be i n t e r p o l a t e d  u s i n g  refer-

en ce s 6 or 7.

(C) If the taper r a t i o  (de fined as ti p c h o r d / r o o t

chord) d i f f e r s  from the O .’45 v a l u e s  of Report

933 a taper r a t i o  c o r r L c t i o n  must be ma de.

Th i s c o r r e c t i o n  is shown in A p p e n d i x  B .

(D) Add f r i c t i o n  and s t e e r i n g  oll ow a r :ce torques

to produce the f i n a l  torque envelope. See

Section 3.5. 1 .

The co m puter program c a l l e d  R udder ra i~~ ;ater Plane Desi gn

N o. O3O~ uses the data from DTMB Report 933 to perfor m the

torque c a l c u l a t i o n  above.

3 .’4 .2. th orn R udders

For s e m i - b a l o n c c d  rudders on a horn , the cal-

c u l a t i o n  procedure described in DTMB Report 915 is used for

the d e t e r m i n a t i o n  of the normal force and center of pressure.
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E v a l u a t i o n  of ,i c o n s i d e r a b l e  amount of model and f u l l  scale

rudder torque test data in d i c a t e d  t h a t  the hei g ht to chord

ratio of each portio n of the rudder i- s the most si g n i f i c a n t

p a r a rr e ter . Ot her parameters such as section , aspect rati o ,

t h i ck ne ss and p erc ent balanc e or h u l l  effec t s su ch as wak e ,

d r i f t  a n g l e  and reduction in speed are assumed to be i r rip l i-

c i t l y  tak en into acc ount in the anal y s i s .  The rudder is con-

s i d e r e d  as t -:o sep a r a te p o r t i o n s  and the nor ma l force and

center of pressure curves m ay be o b t a i n e d  from e m p i r i c a l

cu rves for each portion. A d e t a i l e d  examp le c a l c u l a t i o n

for horn rudders is shown in A p p e n d i x  C.

The basic c a l c u l a t i o n  procedure for p r e d i c t i n g  the

torque of horn rud d ers is as fo ll ~~ws:

(A) Determine the h e i g h t  to chord ratios for the

upper and lower p o r t i o n s  of the rudder.

(8) Obt a i n  c o e f f i c i e n t s  for the norma l force and

center of pressure for various rudder angles

‘1 
u s i n g  the graphs of Report 915.

(C) De t e r m i n e  the moment arm and norma l force for

each rudder portion.

(D) Determine the torque for each portion of the

rudder.

CE) Su m up the torque values of (D) to y i e l d  the

total hyd rodynam i c torque 
~H •

(F) Add f r i c t i o n a l  torque (and torque allowance) to

obtain f i n al d esign torque. (See Section 3.5.1)
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3. ’ 4 . 3  S t i n_ P l a n e  w i t h  S t a b i l i z e r s

A d e t a i l e d e~~arnpl e c a l c u l a t i o n  for st e r n p lanes

with s t a b i l i z e r s  is shown in A ppendix 0, The most im p o r t a n t

d ata for t h i s  c a l c u l a t i o n  Is the NACA WR-L s e r i e s .  The b a s i c

procedur e is as fol lo -~ s

(A) D e t e i m i n e  the effective aspect ratio by

do u b l i n g  the geom etric aspect ratio. If

the stern plane has a v e r t i c a l  s t a b i l i z e r

fin at the ti ps , then a correction must be

made to the e f f e c t i v e  a s p e c t  r a t i o  u s i n g

fi g u r e  2 of A p p e n d i x  0..

(B) Usin g  the tap e r ratio A f i n d  the angle

of a ttack (crossflow) rati o  (c/c 1 1 )

f r o m  f i g u r e  3 A ppend ix  D. T h i s  i s  done

for vario us sections alon Q the spa r

Y/ (b/2), where y is the dis tance along the

span st a r t in g from t he r oo t chord a n d b

is tw i ce the span of the f o i l .

(C) Ob t a i n  the l i f t  s l o p e  C~~ for the a s p e c t

r a t i o  fro m step (A) u s i n g  EB d i v i s i o n

desi gn c h a r t s  - A - l ’ 4 0 7  and A- l ’40 9 . O b t a i n

the l i f t  s l o p e  for an i n f i n i t e  a s p e c t

ratio.

CD) U s i n g  N ACA f l a p p e d a i r f o i l  data , t he l i f t

slo pes C
L
/€ are co m p u t e d  for 15, 35 and 50

percen t b a l a n c e  f l a p s .  U s i n g  these s l o p e s ,

-

~~~~~ the l i f t c o e f f i c i e n t s  C L may be found.
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(E) U s i n g  the r e s u l t s  fr oni step (0) the hinge mo—

I-l ent c o e f f i c i e n t s  C hf may be found for the

- three b~sla n c e d fl aps.

(F) Correct the l i f t  and hinge moment co-

e f f i c i e n t s  for the actual chord length

along the span. A new flap chord to m ean

cho rd ratio is c a l c u l a t e d .

(o) D e t e r n i n c  c o n s t a n t s  K 1 .~~

is d e fi n ed as the p a r t i a l  of the attac k

angle d i v i d e d  b y the p a r t i a l  of the flap

angle) and K 2 = C h f S / C h f E c~~ 
by u s i n g

fi gu res 7 and 8. -

(H) Integra t e the se c t i o n s  to o b t a i n  the

average l i f t  and h i n g e  moment c o e f a i c i e n t

for the er .t i r e  span , u s i n g  the K cc ,iist:r ts

from step (6) and the l i f t  and hinge moment

coefficients from step ( o )  and (E) for each

section along the span.

(I) Det e rmine the s t r e a m l i n e  curvature correction

to the a v e r a q e  h i n g e  moment c o e f f i c i e n t ,

u s i n g  the data from f i g u r e  9 A pp endix 0.

(J) Plo t v a l u e s  of l i f t  and h i n g e  mo men t co-

e f f i c i ent s - , w h i c h  have be en c a l c u l a t e d

for 15, 35 and 50 per cen t balance ve r sus

the ra t i o  of the chord of the f i x e d  p l a n e

to the chord of the f l a p  (C b /C f ). Usin g  the

corr ect chord ratio , the desired l i f t and

h i n g e  moment c o e f f i c i e n t s  are taken from

4 the curves.
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(K) Ca l c u l a t e  the l i f t  u s i n g  t h e  v a l u e  of the

l i f t  c o e f f i c i e n t  from step (J)

(L) Calcu l a t e  the hy drod ynam c torque Qi~ 
us i ng

the h i n g e  moment  c o e f f i c i e n t  f r o m  s t e p  ( J ) .

(M) Dctermi ri e the n ormal fr rce c o e f f i c i e n t

C ut u s i n g  f i g u r e  13 A p p e n d i x  0 and u s i n g

t h i s  c o e f f i c i e n t  c a l c u l a t e  the norm a l

f circe .

(u) Add f r i c t i o n  and error (6~ of flap  chord)

a l lowance torques to produce the f i n a l

t o r q u e  e n v e l o p e .  See s e c t i o n  3 . 5 . 3 .

The c a l c u l a t i o n  of forces and torques may be

perfor me d by thc computer program t i t l e d  Stern Plan Calcula-

tion No. 0218.

~~~~~ Ia irwate Pl anes

In c o m p u t i n g  forces and centers of pressure , the

c a l c u l a t i o n  procedure for fa irwater planes is the same as th-

procedure for spade rudders (section 3. li .l).

3.5 S t e e r i n g  Ce~~r T o r Q u e

Go ing  f r o m  hy d rod~~r i a m i c  t o r q u e  
~H 

and f r i c t i o n  torque Qf

to stee r i n - j ~car torque (at the t i l l e r ) ,  i n v o l v e s  a d d i t i o n a l

a llow a nc e s. Th~~~c a1 l c i~-:ances arc - _ _~~~~~ -~~~~~~ are discussed b el ow

for each of the control surfaces.
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3. 5. 1 S u r f ace S h i i  Re d e r

A) The f i r -~.t is an ci ror allowance for chordwi se

center of pressure. T h i s  alh ’c~jnce is g e n cr—

a l l y  + 3 percent of the mcar ~ chord . Th i s

allo w ance m u l t i p l i e d  by the norma l force

r e s u l t s  H + Q ~ or a torque error allowance.

T h i s  is added a l e b r a i c a l l y to the QH curve ,

and converts it i n t ’  a band instead of a

l i n e .  Thi ~ allo wa nce i s si g n i f i c a n t  for

a spade ru d der w i t h  the rudder stock nea r

the qua r t e r  chord p o i n t , but is p r a c t i c a l l y

n e g l i g ib le f o r  u n b a l a a c e d  r u d d e r s .

B) Th i s  band is f u r t h e r  m o d i f i e d  by a d d i n g  the

f r i c t i o n a l  torque of the rudder t e a r i n g s .

The f r i c t i o n a l  torque is the result of the

rudder b e a r i n g  r e a c t i o n , stock b e a r i n g  r a d i u s

and b e a r i n g f r i c t i o n c o e f f i c i c n t .  The fric-

t i on c o e f f i c i e n t s  used are o.Ol for a n t i -

f r i c t i o n  b e a r i n g 5  and o.20 for s i c-eve type

b e a r i n g s .

C) i l i n i m i z i n g  t h e - s i z e  of the steering gear

r e q u i r e s  the b a l a n c i n g  of the r e s t o r i n q

and u p s e t t i n g  m a x i m u m  torque of QH+ QE
~ .

QF . Th e stock p o s i t i o n  is adjusted so that

m a x i m u m  r e s t o r i n g  torque is 50 percent greater

than the ma ximum u p s e t t i n g  torque. The

compute r program No. 0305 cannot balance

the torque envei op e in t h i s  way so thi s

step in the procedure must be done by hand.
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D) F i n a l l y ,  25 percent of the max i m u m  torq u e

r e s t o r i n g  is  ad d e d  to the t o r q u e  e n v e 1o ~— e

as a t o r q u e  a l l o w a n c e

E) The c a l c u l a t i o n  for the horn rudder is very

s i m i l a r  to the spade rudder except when

c a l c u l a t i n g  the f r i c t i o n a l  force , the n or mal

force F 1~ is used inste a d of the r e s u l t a n t

force F R .

3 . 5 .~ Su h i- ~~r i n c  P u ddc- r and  F a i r w ~i t c r  P l a n e

The c a l c u l a t i o n  procedure for de te r i -~i n i n g

suH~.i rin e r u d d e r  and f a i r  w ater pl a n e  torque r e q u i r e m e n t s  i s

n e a r l y  the same a~ that for surface shi p rudd e rs (section

3 . 5 . 1 ) w i t h  the d i f ~~crenc t~ d e s c r i b e d  below.

F ai r ~~cte r plane: 1) T i - c t o r q u e  e r r o r  a l l o w a n c e

of the m ean chord c.

2) Restoring torque = U p s e t t i n g  torque

3) De~~i g n torque 1 .20 x restoring torque.

Rudder: 1) The torque error a l l o w a n c e  = — l~

of t he  mean chord c. -

2) Re s t o r i n g  torque U p s e t t i n g  torque

3) No a d d i t i o n a l  a l l o w a n c e  i s  a d d e d

to the torque envelope.

3 . 5 . 3  S u b m d r i n e S t e r n P l a n e

The c a l c u l a t i o n  procedure for d e t e r m i n i n g  the

4
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t o t ;Uc ’  r e q L ~~re ~~c n t S  Y r  s u h m a r i m i c  s t e r n  p l a n e s  i, s d e s c r i b e d

in ~u c t i c ~n 3 . tm . 3 .  Th~’ tor r ;u e r e q u i r e r - e n t ~ ~or stern p l a n e s

a r e  d e s c r i Y d  Llow .

St e rn f l - ~n~~ 1) R e s t o r i n y  torque = u p s c - t t i n g  torque

2 )  No a d d  i t  io n .  1 a I 1c ~~,a n C e  Q1 
is add ed

to the torq u~ € n v e l o p e .

‘1
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3 . ~ ~ - u f r  r

I. T a p l i n , A . ‘ t ~cte s on Rudder Desi gn P r a c t i c e ” . F i r s t

Sympo ~ i urn on S h i p  i~a n euv e ru b i I i  ty. DTPf~ R eport 
l )m 6 1

October l5~~C. 
-

2 .  \.‘h ck er , L. F o l g e r , 0.  E n g .  and F e h l n e r , L eo F .

‘‘Free S t r e a m  ,ar a cte r s t i c s  of a F a m i l y of Low-

A s p e c t — R a t i o , A l l  M o v e a b l e  C o n t r o l  Surfaces For

A ; r l i c a t i o r .  to  S h i p  I R s i o n ’’ . DTMB Re p o r t  933

(~~e~,ise d L d i t i o n ) .  L’ccember 19~~8.

3.  Go ve r , S.C. and 01s o~~, C . R .  “A Method for P r e d i c t i n g

the Torque of Se r ni ba la n ced C e n t e r l i n e  R u d d e r s  on

M u l t i p le -~~cre r-i Shi ps ” . DTMB Report 915.

N o v e m b e r  195 ~~.

!4~ C a u l d w e l l , F . S .  “ C o n t r o l  S u r f a c e s  C a l c u l a t i o n s  ~ r d

P ro g r a - i s ’’ . Ferso ne We k — N ot p e b l

5.  Na’ .a l  Shi p E n g i n e e r i n g  C e n t e r .  “ T e c h n i c a l  P r a c t i c e s

M a n u a l  5 6 2  ( 9 2 2 0 — 1 )  C o d e  6136’’ . Not p u b l i s h e d .

6. U n ! v e r s i t y  of M a r y l a n d  W i n d  T u n ne l  Report No. 320

or AD ~36-88~ ‘‘Free stream c h a r a c t e r i s t i c s  of Fou r

‘1 Lo~~-A sp ’- c t p a t i o , A l l - m o v e a b l c  Control Surfaces.

7. U n i v c - r s i t -~ of Mary l a nd ~.‘ind T unnel R eport No. ~85

“Effects of S - t rea mw ise Gaps , H u l l  Flow and P r o p e l l e r

S l i p s t r e a m  Upon the 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  of

a rami ly of Low-Aspect R a t i o , A l l - M o v c a b l e  Control

Surface s .”
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liP DAT E~ -~ 
[ C H N I C L F’RA CT I CE ~ V A N 1 J ~~~J _ FdJ 0 F R S i ~Ni)

c O ~- :T ‘ti. S U R F A C E S  56 2  ( 9 2 2 0 -  1)  ( C o d e  E l  36 )

N o t e :  O n l y S e c t i o n  3 of Part A and S e c t i o n s
3~~~ L4 , ~.2 , 5. 1 and 7. 1 of Part B are
up da t ed here. The m a t e r i a l  of other
sect i o n s  of the mnai ’ ual are d i s c u s s e d
b r i e f l y in S e ction 2 o f  t h i s  report.

t~. u~~t-r [e~- i ~~r

S L c t i o r l  3 - C a l c u l a t i o n  of  R u d d e r  F o r c e s , No r i - e n t s

and B a l a n c e .

3 .1 T h i s  s e c t i o n  represents recent p r a c t i c e ,

as r e v i s e d , to ta ke adva nt a qe of AU G ari d AS 33 lessons

fro~-i t r i a l  d~
-m t c  r ecord e d b y Pu get Sound Nav~,l S h i p y a r d .

~\n al y s i s  of t he data i n d i c a t e d  th e - e f f e c t i v e  a ttack ang le

shc-- u l d  he taken as 0.75 t i r e s  r u d de r  a n g l e , r a t h e r  than

5/7 = 0.fl f o r m e r ~~y used. From rug et Sound’ s AS 33 data

sore a l l o w a n c e  should be m ade for torque , say 25 percent

of r- ,~x i m u n  at zero r u d d e r  for a rudder in a p r o p e l l e r

race. DTI-I B keport 060-H- O l of March 1965 reports model

tests of AS 33 forces and torque. Forces co r r e l a t e  w e l l

‘.-.- i t h  d e s i g n  theory; t c r q u e s  do not correlate w i t h  e i t h e r

desi gn theory or f u l l  s ca l e data. The error allowance

in e s t i m a t i n q  c h o r d w i n e  center of pr e s s u r e  should he

i n c r e . c s e d  g e n e r a l ly (a s  i n d i c a t e d  In par a grap h 3.5 w h i c h

has  new v a l u e s )  f o r  so i m p o r t a n t  a system. Regarding

s p e c i f i c a t i o n s , the assumed e f f i c i e n c y  from s t e e r i n g  gear

4
4 - 1

4 
, - -__________ 

— - —_______  -

- ‘~~~~~~~ • -

- - —..- . -~~~ - ..



_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_____ - _ _ _ _

h~~d r j u I i c  to rq u e to ru dd ’~r stoc k w i l l  be stated. In

a d d i t i o n  to q e n e m a l  p c r f o r m c n c c  r e q u i r e r ~cnt s , NAVS [C

p r e u i e t e d  for ce’. and torques w i l l  be s p e c i f i e d .

Wh re we i g ht is of more than u su a l i m p o r t a n c e ,

th e d e s i g n  may i n c l u J i - m o r e  s p e c i f i c  r e q u i r e m e n t s  t h a n

mer e l y p e r  f o rs i u n ce  . T h i s  e s s e n t i a l y i n v o l v e s  t~m L i ng  some

r i s k ~:h~~re wei g h t s a v i n g  m a k e s  t h a t  c o u r s e  d e s i r u h l e .  The

c o r e u t u t  i~~n b y ae rud y n a n i c  and h y d r o d y n a n i c  mc~~hods w i t h

sor -e ~d d i t i c ’ n a l  featu r c~ for s h i p a p p l i c a t i o n s .  The p u bli-

c a t ior , s for t h i s  w o r k  are references 2 , 6 and 7 as l i s t e d  in

3.6. Forc es and c e n t e i s  of pres sure are ce r ’puted as i n d i c a t e d

belo w , and a d d i t i o n a l  a l l o w a n c e s  are -i ad e for c o n v e r t i n g

h y drod y n a m i c  tc ’rque into s t e e r i n g  gear torque.

3.2 The c o m p u t a t i o n s  for forces and centers

of pres s u r e s  i n v o l v e  f i n d i n g  data for an a c c e p t a b l e  range

of R e y n o l d s  Nu nbc r and as ,-e ct r a t i o  and c o r r e c t i n g  for:

(a) E ffect iv e asp ect ra t i o :

A . R . G e o m e t r i c  = S pa n
Chord

= Sp~~n
2

Area

A .R. e f f e c t i v e  v a r i e s  f f05 LU to 2.0 ti m e s  g e ometric ,

de~- c n d i n .~j on t h e  g a p  b etwe e n rudder root and h u l l .

(b) Tap er r a t i o  ?~ — 
~jp c h o r d
root c h o r d

4 -2
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(c) Sweep ha ck ang le (R=a n g le that the q u a r t e m

d i e  d I inc  r a k e - . re 1 a t  i v  to  the stock . i x i  s

(j) N c - i n  c h o r d  ( Z : ( T i p C h o r d  + Root Chord)/2)

3 .3 The a t t a c k  an~~lc: (ct ) for surface s hi p rudde r s

a 1 1 y ~ ~ L 
~~ as 0 . 75 t h L’ r u dJ~ r a rig I e . T Ii i S i 5 an

a r 1- i 1 a r y d r i ft any 1 e a 1 1 ow a n c , a s e d c’ ri t he  t I me to g c t

t E  i- u -J~~e - i  ( V ~~ f ( a b o u t  10 s e c - i d s )  e nd  t h e  e x p e c t ~’ l io n

t b. sh i p w i l l  have s t a r t e d  swin g ing b y th en . T h i s

a r b i t r a r y  v a l u  t r a n s f o r m s  a 35 d e g r e e  r e d d e r  ang le i n t o

a 2 . 2 de circe attack an~~le , b e l o w  s t a l l  in most w i n d — t u n n e l

d a t a .

3. 4 The sp ee d used Ic t h a t in way of the r u d d e r

d u r i n g  a f u l l - p o w e r  s t r a i g h t - r u n n i i y  p e r i o d  p lus one knot.

T h e  s h p  ~hou 1 (1 be ~is s u~’~ud to he in a m i n i  sum ope i at i ng con-

d i t i o n  and c l e a n - h o t t c - m i  c o n d i t i o n  such as ~ ami occur O’l

hui l i e r s  t r i a l s .  Any r e d u c t i o n  of speed in a turn is not

co t i ~~i d c i e d  . For r u d d e r s  e n t i r e l y wi t h i n  a p r o p e l l e r  race ,

flo w spee d is taken f r omrm data of a sir n i l a r  s h i p. If  a

p0 r t i on of the rudder i s not wi t h I n the pr  ope 1 1 c r  s ii  p

s t r e a r i , a s e p a r a t e  c a l c u l a t i o n  I s  p e r f o r i - e d  f o r  t h a t  p o r t i o n

of t h e  rudder u s i n q  shi p speed for th c i n f l o w  v e l o c i t y .

3.5 W I t h  these s i m p l i f i e d  methods of e s t i m a t i n g

flo e speed and angle of attack , the o r d i n a r y  c o e f f i c i e n t s
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( l i f t  , d rag, r io ,  ma 1 f o r . t , cho r  du i se and s p a n w i  sc c e n t e r

of p r e s s u r e )  a r e o b t a i n e d  b y cross—f a i r i n y  as i n d i c a t e d

b y S e c t i on 3. P . A s y s t e r i a t i c  p lot of data b y E l e c t r i c

P i v is ion (eva i 1 a b l e  in Code 6136) is very useful

for t h i s .  1 1w- r u d d e r  torque so ob t a i n e d  is c a l l e d  the

h y d i o d y n u r - i i c  t o r q u e .  A i r p l a n e  no m e nc l a t u r e  is  f o l l o w e d  w i t h

r e q a t  i v e  t o q i e  i r . d i c a t i i r q  a t r a i l i n g  tendency (cent er

press e r e aft of stock). An a l l o w a n c e  for u n c e r t a i n t y

in  c t i t e r  o f  r r ( ~s s u r e  i s  made  g e n e r a l l y  + 3 p e r c e n t

of the rican c r - or d . T h i s  al low anc , mul ti p 1 i ed b y the

force , r e s u l t s  in a + Q E ,  or torque error allowance. T h i s

is a d d e d  a l g e b r a i c a l l y to the 
~H 

curve , and converts it

i n t o  a ba r - d in l i c e  of a l i n e  (note t ha t  no error al low snccs

ace ma d e for force or spa nwi se center of pre ssure). This

b a n d  i s  t h e n  f u r t h e r  m o d i f  i e d  to  g e t  t i l l e r  t o r q u e  b y a l l o w -

i n g  f o r  the i m t ~ e v e n i n g  f r i c t i o n  t o r q u e  Q1. Thi s  is done b y

c o m p u t i n g  r e a c t i o n s  at a l l  b e a r i n g s , m u l t i p l y ing b y a

f r i c t i o n  coeff i c- ent (see sect ion on Bear nqs ) to yet t he

f r i c t i o n a l  forc e , and m u l t I p l y in g t h a t  by the r a d i u s  of

sl ee v e or the r a d i u s  t o  the cen ter of the r o l l e r s  to

get f r i c t i o n a l  torque. l i n a l l y, 25~~~of the m a x i m u m  r e s t o r i n g

tor -; u c a t  f u l l  rudder ang le is added to the torque band
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f o r  a t o r q u e  c o r r e l a t i o n  a l l o w a n c e  Q,. T h e  best exampl e of

t h i s  s y s t e m .  t i c  p r o c e d u r e  a nd t h e  soti r c e  of  a e r o d y r m a m i  c

d a t a  a r e  ~- I w n in  the  Code C l 3 ~ r u d d e r  f i le f o r  SSI; (N)

608 C l a s s .

3 . 6  R u d d e r  b a l a n c e  r a y  be t h e o r e t i c a l l y s e l e c t e d

j r  t h i s  I: -:; ~~~r :  O b t a i n i n g  t h e  m i n i n u m  s i~~ - of s t e e r i n g  g e a r

r e t u r ~ 1’ a 1 a n i n g the  ii e g d t I ye or rc s to r i rig and  p o s  i t i v e

o r u p s e t t i - - 3  t o r q u e  e n v e l o p e s  ~ f 
~~- ~E t Q F ~ ~~~ 

A l l o w a n c e

c a r  h e  ri~~de f o r  v a r y  i rig m e c h a n i c a l  a d v a n t a g e  of t h e  s t e e r i n g

g e a r  a t  d i f f r e n t  r ud d e r  ang l e s .  For s u r i a c e  sh i p r u d d e r s ,

i t  i s  d c c i  r a h l c  to  h a v e  t h e  M a x i m u m  n e g a t i v e  torq u e 50~

g r e a t e r  t h a n  t he  n lax i i s u rs p o s i  t i v e  t o r q u e ;  t h i s  b a l a n c e  is

mad . - b e f o r e  t h e  f i n a l  t o r q u e  c o r r e l a t i o n  a l l o w a n c e  
~A

a d e

3 . 7  ( a )  R e p o r t  1 4 6 1  p r o v i c ’t-~ the  b a s i c  p r o c e d u r e

for the t c- r qio- c a l c u l a t i o n  of surf a ce shi ps w i t h  s p a d e  r u d d e r s .

The  c c - r p u t e r  p r o g r a m  t i t l e d  R u d d e r , F a i r w a t e r  P l a n e  D e s i g n

u s e s  the m e t h o d  of r e p o r t  lir E I w i t h  t h e  d a t a  f r o m  PT M B

Report No. 533 to p e r f o r m  the torque c a l c u l a t i o n s .

(b) For s e r i — h a l r n c f  ci r u d ders or h o r n — t y p e

r u d d e r s , Joesse l’ s n e t h o d  is u s e d .
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3.8 A s t n r m  O p e r a t ion

Aster n O p e r a t i o n  is u s u a l l y  i n v c s t i ga tcd

on ly f o r  s h i ps h a v i n g  a~ m i l i t a r y  r cqui reme nt for going

a s t e r n  ( e . g .  LCU types w h i c h  retr a ct astern). Model

t e s t s  a r e t h r i  u s e d  for d e t e r m i n i n g  c o n t r o l l a b i l i t y ,  since

there is no rd l a b l e  t:hcory.

A s t e r n  o p e r a t i o n  g e n e r a l l y  does not control

s c a n t l i n g s , bu t  does  c o n t r o l s t e e r i n g  g e a r  c a p a c i t y .

R e c e n t  p r a c t i c e  ha s  b e e n  to de s i g n  the s t e e r i n g  gear f o r

ahead o p e r a t i o n  ami d l i m i t  s u s t a i n e d  a s t e r n  RPM b a s € - d on

tr a l s  so as not to exceed the s t e e r i n g  gear c a p a c i t y .

“ S u s t a i n e d ”  a s t e r n  PP M is s p e c i f i e d  so as to s t i l l  p e r m i t

the s h i p  to use f u l l  a~~ter n RP M f o r  c r a s h b a c k ~ It  s h o u l d

be noted that for astern op e r a t i o n  the rudders tend to

take charge and w i l l  move to larger angles , since t h e  center

of pressure is ~.ell aft cf the rudder stock. According l y ,

in going ast e rn w i t h  a h y d r a u l i c  s y s t e m , w h e n  t he r e l i e f

valve opens , the r u d d e r  would go to hard over. To avoid

t h i s , usual p r a c t i c e  is to sp e cif y that the safe sustained

a s t e r n  RPM w o u l d  be d e t e r m Ined  f r om sea  t r i a l s , and t h a t

s U i t a b l e  w a r n i n g  p lates be i n s t a l l e d .

3 . 9  Sea Slap

Sec section 7 of Submarine Control Surfaces.

The c r i t e r i a  for s u b m a r i n e s  also app lie s  to surface shi ps~

4-6
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3 .10 Zig-Zag Na r~eu ver c

Zig—Zag ma neuvers should r e s u l t  in g r e at e r

rudder forces and i - udder torques th an for s i m p l y ri g ht

or l e f t  t u r n i n g .  A l t h o u g h  the zi g—z a g m a n e u v e r s  a r e  not

c o n s i d e r e d  d u r i n g  t h e  d e s i ; n  s t a g e , ~he d e s i gn p r o c e d u r e  i s

c o n s i d e r e d  con~~e r v a t i v e  e nou q h to  c o v e r  s u c h  r i a n e uv c r s .

S - Suhea i~ i ne C oat rol S u n  f a c e s

Sectio n 3 - r a i r w n t e r Plones

3 .14 In c o m p u t i n g  forces and centers of pressure ,

the ang le of a t t a c k  i s ta ken as the plane ang le- ( u n l i k e

Rudder Desi gn Practice , Section 3 . 3 , the d i v i n g  p l a n e s

can be o p e r a t i n g  w i t h  no d r i f t  ang le r eduction). The

maxi ni um p l a n e  ang le is 20
0
. In the b a l a n c i n g  of the torque

envelope the m a x i m w  value of the u p s e t t i n g  curve is

equal to the m a x i m u m  valu e of the restoring curve.

After b a l a n c i n g ,  a torque c o r r e l a t i o n  a l l o w a n c e  (QA) equal

to 20~t of t he ma x i m u m  restoring torque is added.

Section i r - S t e r n  Planes and S t a b i l i z e r s

14 .2 As w i t h  f a i r w a t e r  p lanes , the ang le of a t t a c k

is taken equal to the p lane angle , w i t h o u t  any d r i f t

c o r r e c t i o n s .  The f o r c e  and  c e n t e r  of  p r e s s u r e  d e t e r m i n a t i o n

fo r  the  Stern p lane p l u s  s t a b i l i z e r  c o m b i n a t i o n  fo l lows
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the sane p rocedur e  as S e c t i o n  3 . 4 . 1 .  In the balancing of the

torque envelo p e for stern p~lanes , the maximum v a l u e  of the p o s i t i v e

curve e~:u al s the ~::~ix ir~un value of the neg a t i ’.e curve. No torque

allo w ance 
~A 

is added. The computer progr am t itled Stern Plane

Calculations is used to perform this calculation.

Section 5 - Rudders

5.1 T h e  desi g n calculation of sub t - t ar i ne rudder forces

is the same as that covered in ‘Technical Practices A. Rudder

Design. ’

There are a few differences from the procedure

used in se ctio r. A. In the balancing of the negative and

positive torque curves for rudders , the maxirum value of the

positive curve equals the m axi m um value of the negative curv e.

No torque correlation allowance is added.

Section 7 - Sea Slap

7.1 The practice is to assume that sea waves

acting on exposed ccetro l surfaces are e quivalent to a

static uniform load of 1000 pounds per square foot.

4 4-8 
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Unde r t h i s  l o a d i n g  the S h i p S p e c i f i c a t i o n s  u s u a l l y i n d i c a t e

that

(a) S t r e c t u r e  nay be stressed u p  to the

y i e l d  p o i n t  ( t h i s  p a r t i c u l a r l y  i n v o l v e s  t o r qu e keys and

~~~~~~ s)

(h) The con trol torque may exceed h y d r a u l i c

nea r r a p a c i t y  (b- ca ’jse of the long lever arm to sea slap

cent e r of pres sure).

In that co- - c p o p p i n g  the r e l i e f  valve is

a c c e p t a b l e .  On SS(N) 597  the E l e c t r i c  Boa l D i v i s i o n

made a com puter anal y s i s  of th e response of the h y d r a u l i c

s ys t (-n to such t r a n s i e n t  l o a d i n g .  For that purpose N A V S E C

a r b i t r a r i l y  i n d i c a t e d  that the l o a d i n g  could he taken as

1000 i (2 r 1) 1 L s/sq . f . whe re I var i e s  f ron 0 to 0.2
fo . 2 )

s e c o n d s .  On n c-.-.- cr suhn~~r i n e s  such as the  SSN 688 and

T R I D [ N T , the h’)~d r a u l  ic . s y s t em is b u i l t  w i t h o u t  r e l i e f

valves. The syste m is ~ i z c d  such  t h a t  the  a n t i c i p a t e d  l o a d s

(h y d r a u l i c  or sea slap) m i l l  not cause pressur es in excess

of 1.5 t i m e s  the system Pressure.

4
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5. S1AT I OF Uhf A r T

5 . 1  I n t r o d u c t i o n

Th e p r o b l e m  of p r e d i c t i n g  the a c t u a t i n g  gea r  t o r q u e

of  a sh ip  c o n t r o l  s u r f a c e  i n v o l v e s  the f o l l o m i n g :

(a )  I n f l o m  c h a r a c t e r i s t i c s  of the  w a t e r  a b o u t

the c o ntrol surface.

(b) I1 y drod yn~~n~~c c h a r a c t e r i s t i c s  of the control

s u m - f a c e .

( c )  t ’- e c h a n i c a l  c h a r a c t e r i s t i c s  o f  the c o n t r o l  surface

a c t u a t i n g  gear mechanism.

The o b v i o u s l y f o r m i d a b l e  task of e x h a u s t i v l y eval ii —

a t i n q  the  c u r r : n t  s t a t e  of  the  a r t  of a l l  the  a r e a s  rm n t i o n e d

is beyond the scope of the subject task. A l t h o u g h each area

was touched u~~on , the onl y one - i n v e s t i g a ted to a h i c h e r  degr e e

m as th a t of p r e d i c t i n g  the h ydrod y r 1 a m i c  c h a r a c t e r i s t i c s  of the

c o n t r o l  s u r f a c c - . P a r t i c u l a r  emp h a s i s  was g iven to t h i s  area

since i t  seent- d to hold the most pr o m i s e  for an imr n e d i a t m :

a d d i t i o n  to i m p r o v i n g  control system torque p r e d i c t i o n

c a p a b i  l i t i e s .

A b s t r a c t s  of many of the hooks , papers , and a r t i c l e c

revi ee-ed can be found i n A p p e n d i x  C .

5.2 Inflow C h a r a c t e r i s t i c s  of the Water About A

C o n t r o l  S u r f a c e

The ang le of attack and v e l o c i t y  of a con trol surface

W i t h  r e s p e c t  to t he  f l u i d  a r o u n d  i t  i s  a f u n c t i o n  of many

v a r i a h l e s .  The m o s t  i m p o r t a n t  a r e  d i s c u s s e d  in  the  s e c t i o n s

be low .
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5. 2 . 1 S h i p tm~n - ’~’v e r i n q

5 . 2. 1 . 1 In t roduc t ion

W he n cv e r a control surface is d e flected ,

the s h i p w i l l  e x p e r i c r c e  an unbalance of fo r ce s , w h i c h  r e s u l t s

in ri y id bcd y r otion of the shi p.

As t he  c o n t r o l s u r f a c e  i s  d e f l e c t e d ,

t h s h i p m i l l  go into a m a n e u v e r  w h i c h  U S L a l l y has s i d e s l i p

an d  d e c r e a s e  i n  speed of t he  vessel as a r e s u l t .  I n c r e a s e d

t u r b u l e n c - ~ urou:.U th e h u l  can also be expected. A s a r e s u l t

t he  w a t e r  i n f l o w  c h a r a c t e r i s t i c s  to the control surface can he

c o n s i d e r a b l y altered from the s h i p s t r a i ç h t  a h e a d  c o n d i t i o n .

The rate at w h i c h  the control surface i s d e f l e c t e d  b ears

h e a v i l y  on the degree to wh i c h  the above p h~~nome na occur.

K n o w l e d ge of the a b o v e  r t enor ne n a m o u l d

g r e a t l y  add to thu p r e d i c t  i cn of th e c o nt r o~ s u r f a c e  i n f l o w

d i r e c t i o n  and s p e e d .  U n f o r t u n a t el y ,  h o w e v e r , t h i s  i n v o l v e s

very ~ccurat e e~~per irI er 1ta1 or the o r e t i c a l  m ethods.

5 .2.1.2 E g u c t i o n s  of M o t i o n

The m a n e u v e r i n g  respo n se of a shi p is

d e termined b y s o l v i n g  the a p p r o p r i a t e  e q u a t i o n s  of m o t i o n .

G e n e r a l l y  s p e a k i n g ,  motion s t a b i l i t y  and ti g ht maneuvering

response are of i n t e r e s t .

Motion s t a b i l i t y  c o n siders the response

of the shi p after some a r b i t r a r y  i n f i n i t e s i m a l  d i s t u r b a n c e  from

the e q u i l i b r i u m  c o n d i t i o n  of st r a i g ht ahead notion , to see if

the sh i p r e turns to the ori g m r a l p o s i t i o n .  Wh en c o n s i d e r i n g

t h i s  t y p e  of m o t i o n  o n l y  the l i n e a r  terms in the e q u a t i o n s

of n o t i o n  need be c o n s i d e r e d .

4 
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For d yn: mi cal l y s t a b l e  shi p s (~~t a b i ii  ty

in s t r a i g ht l i n e  motion) t b -  l i n e a r  theory holds for m oderate

m aneuvers and n o n - l i n e a r  terms become nec e s sa ry onl y for ti g ht

m a n e u v e r i n g .  ror u n s t a b l e  s h i ps , hi g her order t er m s are nec-

essary t o  d e t e r m i n e  m a n e u v e r i n g  p r o p e r t i e s .

A l t h o u y h the l i n e a r  e q u a t i o n s  of mo t i o n

c.. r- be s o l v e d  in a c l c ~~ed form once the c o e f f i c i e n t s  h a v e  been

de t~~r einc . d b y e x p e r i m e n t a l  or  t h e o r c t i c ~~l t e c h n i q u e s , t he n o r —

l i n e a r  e - u a t  ions of m o t i o n  cannot be solved d i r e c t l y ,  hut must

be e v a l u a t e d  in  a s t e p  b y step c o m p u t e r  i n t e g r a t i o n  procedure.

5 .2 .  1 . 3 Th e  Hyj~h rc l d y n n e -  i C Co ’ i c  s of the

E qu a t i o n s  of M o t i o n

The e q u a t i o n s  of m o t i o n  i n c l u d e  many

h y drod y n a - i c  c o e f f i c i e n t s  w h i c h  depend on shi p shape , 5 1 7 e ,

i n e r t i a  d i s t r i b u t i o n  and t i e  e q u i l i b r i u m c o n d i t i o n  i n v o l v e d

in the ana l y s i s .  N u m e r i c a l  q u a n t i t i e s  for these must he

d e t e r m i n e d  for the s h i p  under c o n s i d e r a t i o n  in order to deter-

m i n e  the response.

G e n e r a l l y, t h e o r e t i c a l  means arc not

a va i I a h I c for Ca 1 cu 1 at i n g the se co ~ If c en t s a cc U r a t e 1 y . I t

t her bcc ome s neces sa ry to o b t a i n  these from the r e s u l t s  of

s p e c i o l  m o d e l  tests in a to w ing tank , ~-.-a tcr t u n n e l , w i n d

t u n n e l , etc., or use the r e s u l t s  of a ser i e s  of model tests

w h i c h  have a s y s t e m a t i c  shape v a r i a t i o n  about a parent form.

CI
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Sp e c i a l  equi pmen t and t e c h n i q u e s  have

been dev el oped for ob t a i n i n g  the required i n l o r m a t i o m c  f i om

r u d e l  tests. Such e q u i p m e n t  c o n s i s t s  of o s c i l l a t o r s , p lanar

riot ion m cch - :-n i sms , r o t a t i n g  aria fac i 1 i t i e s , etc.

5.2. 1 .14 C o n c l u s i o n s  h e o ~~rd i nq _ S hi a n e u v e r m r n

A 1 t h ~ ug h c a 1 cc I a t i on s h~~vc shown t h a t

s h i  p rr -u nt -~w. c c i  nq can be p r ed ctcd in some i n s t a n c e s , t h i s

c a n n o t  be c e n e r a l  l y assu m ed for a l l  m aneuvers and shi ps. In

a d d i t i o n , t he  p r e d i c t e d  m a n e u v e r s  i n v o l v e  d e t e r m i r i n g  t h e

hy dr oL ! y n a n i c  c o e f f i c i e n t s  o f  the  s u b j e c t  s h i p b y c o n d u c t i n g

e x p e n s i v e  m~~d e l  t e n ts. P u b l i s h e d  data g i v i n g  } y~~r c - d y n a n i c

c o e f f i c i e n t s  f o r  the e q u a t i o n s  of m o t i o n  f o r  sy~~t e r a t ic ~~ l l y

v a r i e d  s e r i e s  a r e  n o t k n o w n to e x i s t .

T h e r e f o r e , at t h i s  t i m e  i t i s d i f f i c u l t

and e’~p e n c i v e  to p r e d i c t  t he  r ’ a n e u v e r i n c  c h a r a c t e r i s t i c s  o f  a

s h i p .  In a d d i t i o n  i t i s  no t  known  i f a 1 1 n a n e u v e  r s  w i 1 1 g ive

r e a l i s t i c  r e s u l t s .

5 . 2 . 2 B o u r d a r y  L a y e r  o f  t h e  S h i p H u l l

‘1 It is mel 1 known that the V i s c o s i t y  of m u t e r

w i l l  c a u s ’ -  a ou n d ry l a y e r  to  form O V C F  t h e  s h i p l e n ~~th  w i t h

t i c  e ft e~ t. t ha t. th e wa t e r ye 1 oc. t y I n way of t he c a n  t r- o 1 se r —

f i ce t~ I 1 I he non u n i f o r  ii . T he d eq re e of n o n  en i f o m I t y w I 1 1

d i r e c t l y d c p c n d on t h -  l o c a t i o n  of the  c o n t r o l  s u r f a c e  on the

s h i p .
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The p r a d i c t i o n of the v e l o c i t y  d i s t r i b u t i o n  in

t h i s  b o e r d u t y  l a y e r  is necessary in ord er to compute the

i n f l c - .~ v e l o c i t y  of  w a t e r  i n t o  t h e  c o n t r o l  s u r f a c e .

T h i s  s u b j e c t  has been  the  m a i n  top i c  of i n v e s t i q a -

t i o n  f o r  i - ny r es a r c h  w o r k s  in  t i re  f i e ld  of n a v a l  a r c h i t e c t u r e .

its üf  th e p r e s e n t  t i n e  th c~~e i n v e s t i g a tor s knot-: of no w a y  to

a c c u r a t e l y  p r c d i c t  t he  b o e n d a r y  l a y e r  c h a r a c t e r i s t i c s  of  the

f l o w  a h o ut  a s h i p b y t h e o r e t i c a l  m e a n s .

f l a n y e x p e r i m e n t a l  model su r veys of th e wake area

b e h i n d  the s h i p e x i s t  f o r  a v a r i e d  am ount of shi p types.

It is s t i l l  n o r mal p r o cedure to es t i r - ~ate the wake for a new

desi gn from th e e x p e r i m e n t a l  data of other shi ps. T h i s

e s t i m a t e d  w a k e  r a~ bc re v i s e d  if model tests of the subject

shi p ar e done at a la t e r  date.

5 . 7 .3 P r e p e l l e r  Rac~~~~r d A pp en daee~~~a~~e

P a n y  t i ; i~ s , p a r t i c u l a r l y  in the case of the rudder ,

the c o n t r a l  surf a ce is located b e h i n d  a p r o p e l l e r  and appen-

daq e s , such as p r o p e l l e r  shafts , s t r u t s  and bo ss ngs. These

a l t e r  t h e  d i r e c t i o n  and speed of t he flow i n t o  the control

surfac e .

The appe nd aqes affect the boundary l a yer of the

s h i p  j r  th ir v i c i n i t y .  S i n c e s h i p wake survey - ; are pe r - formed
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m l  th • r~ p t r r d j g e -  a t t a c h e d , t h i s  a s p r - c t  r i c e d  not  hi’ c o n s i d e r e d

I n d e p e n d c r r  I y

h e’ I dec i n c r ea s i n~ th e sp eed of f le i. ’ i n t o  th e -  c u r t  ru l

su r I ;1 C (- m i  t h u  i t , th e p r o pe l  l c - r race c e r t i  i c t s  and i xp . r r d ’

as th e l o r d  H i  i i ’  t he  i I C P i ’ l  1 c r  charu~es . l i - H  way Ca u ct -

t l ie r u J c! t r t C’ he c o - r 1 c t c 1 y ii n ye 1 w i l e d I y t h i - r a I n si r &- a a e ~

i n e~ t n ~ t hr r . r -  1 r tu n~. c y , I I i ~ p hr- ~ o mi m~i h i’ m t -
~~_ • r

the s u h j e ~ of r any i n v c s t i g.- t i c n s  a n d  no g e n e r a l  c m ’  c I L s i e n

can be d r i  a .

5.3 y r .  ~m i c  C h a r a c t e r  I S t  C . f tH ’ C m n t r o l er [a

5 .3 . 1 I n t r o d i c  1 ma

I n t t ic a u r r en t p ( r u cc d a re a a a u r 1 t on s a r e i ’ ;  •-

r.- q-  • !  t I  i t car a ct e r I s t i c ’ of  t hr 1 1 o - t r t I’-~ ~~~~~ n 1

s u r f a ce a n d  an e f f e c t i v e  an g le of  a t t a ~~L and f lot: v t h o c c r c

d e t t - r r a i n c - t 4 . I r ee  s t r e a m  hy d r o d y n a - i c  cn~~r a c t c - r - i s t i c s  ( H f  t ,

d r a g ,  c a r t e r  t - f  pres sur e ) from exp e l i r - 1- i i t a l d a t ,  a r e  t u r n  ~~ t J

to dt - t e r r:- .in e the fo rce ’- and - ‘mt - n t ’  on t i e  c o n trol surface s h a f t .

I an fo  rat  - and s e  c t i on c h,. en for e 1 1: t en t da t  a do n o t

cx i s t a r e a p p r o >~ 1 rn,r t e ci h ‘
~ 

i r t r~ r pu 1 a 1 on and e x t r a po I u t i on of

~ 1 in [ 0 1  - i-~ an d arc t i 1fl cii ap e f c r  r i  I c li d a t a does cx i S t

A a u r v e y o f t ii - s  t a 1 c o I t he a r t ha a s h own t ha t t rio

d i ’ . t I n c  t a r - a s  o f  cf lot t ii i  C!CVC l op i n g  c o n t r o l  or 1 i f  t ‘- L i  r face

c ha a t c r i c t i a I’ a Ye been  f o I 1 o~-’e d , v ia  i n  1 y cx pe r i nrc n t a 1 a nd

hi-o ret I c r  I . Th e most cx ten t - i ye wor L h a s  been in the at’ ro—

-
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r i a ut  I c a l  (Hid a n d  i n  recent t i rr .es h d C c  I t  a l r ’ o s t

e x a l u s i - .’ - 1 - 1- w i t h t h e o r e t i c a l  a p p r o a c h e s .  E l e g a n t  methods

f o r  p r e d i c t i r i q w i n g  a nd  c o n t r o l  s u r f a c e  c h a r a c t e r i s t i c s  nor-

• -~~H t .

- r  tor ’c cf tltc t h e o r e t  i c a l  p r o c e d u r e s  i n v e s t i g a t e d

h o - .- - the c a l c u H t i u r :  to f e  pi r f c r m c - d  f o r  a r b i t r a r y  s u r f a c e s

t ii o r a i ii o u t t h - c k n a s an d a I so a 1 1 o- - .- f o r t he e f f e c t s o f

a ne a rL y l’od y

5 . 3 . 2 [ > n e r i m c ’ n t a ~ I-let hr- :~s

5 . 3 . 2 . 1 t n t  r o - u s  I

T he c o s t  e x t e n s i v e  e x p e r i m e n t a l  d a t a  a v a i  h a b l e

o u t s i d e  of t i- c PThB 
~3 3  r e p o r t  are found in the a e r o n a u t i c a l

l i t e r a t u r e .  U n f o r t u n a t e l y nin ny of the s c t i o n  sh apes used

f o r  ae r w n au t~ es arc d i f f e r e n t  f r e t - ;  t h o s e  u s e d  f o r  sh i p c o n t r o l

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

h a v e  s I q n I f i c a ri t 1 y Ii I c~ Ii c r a s p e c t  r a t os , two — d i t e n s  i on a 1

v -o dd t e s t  i n r ~ t e c h n i q u e ’- arc used i n s t e a d  of u s i n g  the’

c o m p l e t e  p l a n f o r n .  T h u s  t h e  c r o s s f l o ~-: c a d t i p e f f e c t s  a r e

n e c; 1 c c t ed

5.3.2. 2 Te’.ti - ’  T r - c h n i n u a s  -

A. les ts w i t h  f i n i t e — a s p e c t — r a t i o  w i n g s .

T hi s net  hod of test I ng I s hampc red b y the d i If i -

c u l t i e c  of e h t a i n i n ~ f u l l a c a l e  v a l u e s  of the Re y nolds
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ii u rib i- r a r d  s u f f I c i er t I y I o;- I r s t ream t u r l u  l i - l i c e  to

~ u p  1 I ca t c Ii I Ic t c i ,  r t d  i I i O t t  a p rope- r 1 y ii i thou t e ~ cc s a I ye

con for eq c i  p i e  at and mod 1 ~ (Li ke [)T MB 933) -

B. T w o — d i r - n s i o n a l  t e s t i n g .

W i ‘ h i t .  m - t h o d  ~ -ct lor i s are tested in a t i --u —

d i ; i e n r - i c . n ah  f l u ,  it l n r ~~t’ I H -v no l ds  n u r h e r s  in an a i r — s t r e a m

c- f v e r ~ H:t- t u r h a  l a n c e , app roach i r r q t h a t  of the atnosp h . re .

Th i s  is r a d e  use of p a r t i c u l a r l y for a e r o n a u t i c a l  purpose s- .

5 . 3 . 2 . 3 Re a a 1 a of 1> - pc- r i c-i c n t s

The v a r i e d  mmdc- 1 c x p - e r i r r e n t s  i n d i c a t e  that

Pe y r i o l ds  n u m b e r  e I f e c t r .  a c ~ 1 m u  ted to i n c r e a s i n g  the

s t a l l  an ç~ 1 e ( w i t h - w i t  char i I a ~ I if t curve s l o p e )  and

d e c r e a s i n g  the drag (up to ,i c e r t a i n  l i m i t )  w i t h  i n c r e a s i n g

Reyno l d nur -bcr. S i n c e  shi p control s u r f a c e a n g l e s  of a t t a c k

do r iot u s u a l l y r ea ch ~ t al 1 , the f i r s t  fact is not of

p a r t i c u l a r  i n t e r e s t .  It a p p r a r s  from the l i t e r a t u r e  that

at the h i ç ~h R e y n o l d s  nun r~ cr e xperienced on shi p co n trol

surfaces , the drac i t er r ains constant for a gi v e n  l i f t ,

over a l a r g e  r ang e of t h e  Reynolds numbers . For the ran g e

of P-e ,’nold s n u m b e r s  in DIMB 933, the dra g increases w i t h

dec - - e a s i n g  R e y n o l ds  n u m b e r .  S i n c e  t h e  d r a g  i s  i m p o r t a n t  f o r

e s t i r - ; a t i n q  t he  l o c a t i o n  of  t h e  r e s u l t a n t  f o r c e  on the contro l

surf ace , error may r e s u l t  from u s i n g  ~)TMB 933 d ata for

ca se s w i t h  c o n s i d e r a b l y hi g her R eynolds numbers (as w i t h

f u l l  scale ships).

4 5-8



I t  s h ould be noted that the a b o v e  f a c t s  a n d

c o n c l u s i o n s  w e r e  f r o m  t w o — d i m e n s i o n a l  m o d e l  t e s t s  i n s t e a d

oó the th~~e e - d i n i e n s i o n a l  type o f DT M B 9 3 3 .  Therefore the

effects of  t h e  c o n t r o l  s u r f a c e  t i p and cro as f low a r c  no t

c u a s i d e r e d .  I tu- i n c l u ; i o n of the se cou l d a l t e r  the r e s u l t s .

S u r f a c e -  r o u g h n - s s , e s p e c i a l l y near the l e a d i n g

edqe , has l a r g e  e f f e c t s  on control surfaces , d e c r e a s i n g  t h e

l i f t  a n d  i r t a r e a s  l u g  t h e  d r a ~i.

5.3.3 T h e o r e t i c a l  T e ch it 1 g ui - a

5 . 3 . 3 . 1  I n t r o d u c t i o n  
-

The d e v e l o p m e n t  of  t I r e  th eory of f b i--’ p a s t

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

Th e f i r s t  m a t h e m a t i c a l  f o r r u l a t  ion  of  t h e

t h e n ry  ‘.-:as r”~~de by r’ c- ; r - ,dt l ( In  19 18)  f o r  s t r a i g ht v - i n g s

of l a rge aspect r a t i o s .  The ideas u n d e c  ly ing F’ r a d t l ’ s

theory are i m p o r t a n t  ari d hav e served as the b a s i s  for

f u r t h e r  d e -v el op ri ents of the f i n i t e  w i n g theory.

T h e  m o d e l s  c u r r e n t l y in use  fo r  c a l c u l a t i n g

the flow pa n t a f i n  it e wi n g  ar c the l i f t i n g  l i n e  theory

a n d  l i f t i n g  sur face theory.

A l l  a v a i l a b l e  t h e o r e t i c a l  computer programs

neglect the effect of v i s c o s i t y  and onl y determine the

p o t e n t i a l  fl ow. The onl y drag d e r i v e d  is t h e  induced drag.

S i n c e  e x p e r i m e n t a l  r e s u l t s  i n d i c a t e  t h a t  the v i s c o u s

e f f e c t s  (Reynold s number effects) are not of any app r e c i a b l e
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‘naqi r i tu iJ e fo c s h i  p co rt r o b surf a ce s , the th au r e t i c al

a s s u m p t i o n s  r e g a r d  i rig t i r e  ne g le c t  i or -i of vi  a cos I t y m a y

be a c c e p t a b l e  f~~~r the pu r l - F c c  of c a l c u l a t i n g  control

s u r f a c e -  t o r ; u c  i equi r e r r e n t S .

5 . 3 . 3 . 2 L i f t ~~~~~~ h i n ~~~ T h - n ~~~

For a c a r - t r o l  s u r f a c e  ;- i t I i  tl ic c h a r a c t - r i s : i c s

i s t t d he I na , i c -  1 i ft I n 1 inc t h e )r y  c a r t be ~~~ 1 l e d :

A .  1b- ~ c o n t r o l  s u r f a c e  h a s  a m e d i a n  p l a n e  of  s y t r n e t r y .

B. The a s p e c t  r a t i o  i s  e o u a l  to  or g r e a t e r  t h a n

about ~~. -

C .  The  t r a i l i n g  ed ge i s a p p r o x i m a t e l y a  s t r a i g h t  l i n e .

ihe w i r i j  is then re~ laced b y a s y s t e m  of

bound  v o r t i c e s  d i s t r i b u t e d  a b o n g a c t r , i q ht  l i n e  c o i n c i i d i n g

w i t h  the span of the control surface.

The l i f t i n g  l i n e  the o ry has b een app l i e d

to m a n y  t y p e s  of w i n g s  a r-r d c ontrol surf a ces u s u a l l y  u t i l i z i n g

e m p i r i c a l  c o r r e c t i o n  f a c t o r s .

C a l c u l a t i o n s  i nc l u d i n g  p r o p e l l e r s  w i t h

n o n u n i f o r m  s t r e a m s  f o r w a r d  of a n e a r b y w i n g  of hi g h

a spect r a t i o  modeled b y the ’ l i f t i n g  l i n e  theory hav e q i v e n

r e a l i s t i c  r e s u l t s  of aerod y n a m i c  p r o p e r t i e s  of the w i n g .

The l i f t i n g  l i n e  th e ory cannot y i e l d  real ic-

t i c  r e s u l t s  for s m a l l  aspect ratios w i t h o u t  t he u s e  of

cru p i r i c a l  c o r r e c t i o n s .  The theory a lso cannot ri gorousl y
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a c c o u n t  f o r  I l a p s  a - - d  s r . c - e p h a c~~. 
I

5 . 3 . 3 . 3  L i f t i r - ~~ - u - r f a c e_ T h e n r y~

I f  t he  a ; r c g or c o n t r o l s u r f a c e  i s  rep l a c e d

by r - ys - t &- ’- Oi bou n d v u c t i c e s  d i s t r i b u t e d  over its surface

(ra t h e r  t h a r  a l rg a s t r a i g h t l i n e  as  i l l th e l i f t i n g  l i ne

th e~~i y )  or as on a ssc- ” b l o g e  of f i r , i te . 1~ - r r c - n t s , the  w i n g

c r  c o n t r o l  s u r f a c e  ca~ ta m o d e l l e d  nuc i  t o r e  a c c u r a t e l y .

H T h i c k n e s s  c~~f c c t s , s v . a e p h a c~~, and f l a p s  can  he inc l u d e d .

N o t e  the e x i s t e n c e  of tw o  m e t h o d s , name l y  the  c o l l o c a t i o n

( d i s t r i b u t e d  v o r t i c e s )  and the f i n i t e  e l c - r r e n t . 2

The s t a t e  o f  t h e  a r t  of t he  l i f t i n g  s u r f a c e  t h e o r y

is  c o n t i n u a l h - ~ a d v a n c i r y  because of i t s  use  to the a e r o n a u t i c a l

i n d e s t r y .  C o ” p u t e r  p - r o g r - n s  a r e  now in e x i s t e n c e  w h i c h

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

~- i  t h  t-h c r ch  r uribt - r , t h i c ~ rte~- s , f I~~p s  , s r-at I a s p e c t  r a t  lo , a n d

the pr cset ~ce of a fu s e l a r c  i n c l u d e d .

The present state of a v a i l a b l e  computer progra m s w i t h

r e sp ect to t h e i r  cap ob I 1 i t  I es is not known since t h i s  is

c o n t i n u o M y c h a n g i n g .  In p a r t i c u l a r  it is not known if

n o n u r i f o r m  f b o a ’ s ( t h i s  s h o u l d  not  be a severe a d d i t i o n ,

I f not alread y i n c l u d e d )  can be c o n s i d e r e d . 3 Therefore it

is i m p o s s i b l e  to say ~- thout further research whether or not

e x i s t i n g  cor - puter pro g r am s are app l i c a b l e  to tire s h i p  p r o b l e m .

1 See R e f e r e n c e  ~ I7.
2 Sec I~e f e r e n c c s  a 2 and ~3 .
3 See Rc~~er c n c e  / 1 8 .

4 5 - i l

A - ~~~~~~~~~~~~~~~~~~~~~ — 
- -

~~

~~ 
_  

- - - - • -

~~~~~~~~~~~

.
• - - 

~~~ ; 
‘.~~ 

- 
- •

- a.4~
_ - - ,- -‘~ - ‘ .- 

— -
— 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~ _-----. — -- — -- — -.-~-



The l i t e r a t u r e  a l s o  i n d i c a t e s  the  c o m p u t e r  t i r e  and

expe ns e of u t i l i z i n g  l i f t i n g  su rfac ~ progra ms is n o t

excessive.

5 l~ M e c h a i i  c--i l C h a r a c t e r  i s - tics cf th e Cont rc, l ¶ - v r f a c

A e t u~~t i nn  ~ ( : 0 1  st 

The e ; t e - t t  to  ~. h i c h  t he  a c t u a t i n g  t c c h o n i ’ t  h a s be en

c-a n a -
~ c r i t o t h e  t i 1 1 e r . Th e r u f - r e , t he or 1 y I t -

t ha t  c an  a f f e c t  t he  s t e e r i n g  ne a r  t o r q u e  i s  th u b e a r i n n

f r i c t i on .

No w o r k  a d d i t i o n a l  to t h a t  u s e d  in d e v e l o p i n g  the

c u r - r e n t  p r o c e o u r e  has been  f u c d  i n  the l i t e r a t u r e .
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6. RECO h ~~J:r’f T I P N S

6.1 I n t r o d u c t  i on

The recommendations are d i v i d e d  into th i -e c parts.

This  was done in o r d e r to put into proper p e r s p e a t i v e  the

l e v e l  of effort i n v o l v e d  Iii perfor i:-i i ng thcn as ~-;~~ 1 1  as the

sequ cn cc in w h i c h  they shou l j be com pl e ted.

T h a t r € I, (I It a s be c n to ave d c- x p ~ - r i - c - n I. a 1 i ~ I. i —

q a t i o r s whenev e r p o s s i b l e  and rel y on t h e o r e t i c a l  t e c h n i qu-~~s

sinc e the se in v o l v e  c o n s i d e r a b l y  less cost i t - , d e v e l o p m e n t .

The thre e d i f f e r e n t  oup s of reco rn~~-’n d a t i o n a  ar e

as follows:

1. P o s s i b l e  m o d c r a t e  r e v i s i o n s  to the resent

procedure should be consider e d for i m p l e m e n t a t i o n .  A l s o , t h e

pr - e s e n t  c o m p u t e r  p r o g r a m s  u s e d  b y N A V S E C  f o r  e s t i m a t i n g  r u - J~~e r

torqu - s h e - aI d be revised as soon as p o s s i b l e  to i n c l u d e

the current procedure as presented in i t s  f i n a l  form in

t h i s  r e p o r t .

2.  G i v e n  the  i n f 1o ~-. c h a r a c t e r i s t i c s , i t a p p e a r s

t h a t  c u r r e n t  t h e o r e t i c a l l i f t i n g  surface theory may be

a b l e  to  p r e d i c t  a c c a r a t e l y the. h y d r o d y n a m i c  c h a r a c t e r i s t i c s

of s h i p c o n t r o l s u r f a c e s .  The d e t e r m i n a t i o n  of w h c t h e r

t h i~ can be done or not should he undertaken as soon as

p e .  s i b  1 e . 
-

3. Since the p r e d i c t i o n  of control surface i n f l o w

c h a r a c t e r i s t i c s  i n v o l v e s  so m a ny c o n s i d e r a t i o n s  for w h i c h

4
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theo e t i c a l  a r a  e x p e r i m e n t a l  tools and i n f o r m a t i o n  arc not

a ’ - a l l a h l e , it is f e l t  that t h i s  area sh ou ld be considered

as  one in w h i c h  l a r C e  gaps in the t e c h n o l o g y  e x i s t .  T h i s

i s c o n s i d e r e d  the are a w h e r e  a hi gh  l e v e l  o f e f f o r t i s  n e e d e d .

6.2 hi - v i ~~ i o~’~ ‘ ~o c i ; r t e d  w i t h  C u r r e n t  P r a c o d u r e

i N c  horn ru d d e r  s h o u l d  be c o n s i d e r e d  a s  t he

cu~. b i r t ~~t I - ~ of a ~ 1a p p e d  r u d d e r  ( p o r t i c - n  w i t h  hor - n )  a n d

s p a d e  r u d d e r  ( p o r t  io n  b e l o w  h o r n) .  T h i s  mod i  f i  c 3 t  i on  i s

consi d ered p o s s i b l y  m ore a p p e a l i n g  than the c u r r e n t  m ethod.

Co m p a r i s o n  w i t h  e x p e r i t - ~en ta l  data w i l l  i n d i c a t e  the v a l u e

cf t h i s  p r o p o s e d m o d i f i c a t i o n .

- Also , the c u r r e n t  h1 AVSEC com puter progra m s s h o u l d

be r e v i s e d  c c t N t  an y d e s i r e d  b a l a n c e  of ria xi mu m s t c c - r r-~

g e a r  t o r q L e  ca n  be o b t a i n e d .

6.3 Use of L i f t i n q  S u r f a c e  T h a o ~~~ for the P r e d i c t i o n  o ’

C m r t t r  o 1 S u ce jjyd r o d ~~n a r i  C ha r a c t e r i c t i c s

L x i s t i nq  l i f t i n g  s u r f a c e  theory and c o r r e s p o n d i n ~

c o r p u t e r  p r o g r ~~r ts  a r e  a v a i l a b l e  w h i c h  n-ay be ab le  t o  d e t e r m i n e

the  hy d r o d y:~a m i c  c h a r a c t e r i s t i c s  of a r b i t r a r y  c o n t r o l

sur ta ces w i t h  the c o n s i d e r a t i o n  of the nearb y h u l l  as des c~~ib e d

in S & - c t i r n  c . Al s o , the computation ti m e  and expense i n v o l v e d

in carry ing out t h e  c a l c u l a t i o n s  appear reaso nable. Therefore ,

the a p p H c a t i o n  of these progr ams to s h i p  control surfaces
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should be i r a l - s t i y atc- d a5 t-oon as p o s s i b l e .  It should be

no ted that the i n f l o w  c h a r a c t e r i s t i c s  (sp€t- d and d i r e c t i o n )

r u s t  be known f o r  i n p u t  to  t h e s e  progr ams. 
-

Karl E S ch oc nhci - r in h i s  paper ‘‘A Pro gram for

an I n v e s t i g a t i o n  of the R u d c e r— T o r q u e  P r o b l e m ’’ (M arine

Tc- c J n o l o n y ,  J u l y 1965 — Sec t p p e n d i x  E f o r  aE - ~. t r a c t ) ,

0-a t  I Hod a p r o ~~o s e d  p r o~~r a r for f u t u r c  work in the a r e a

-al p r e e i c t i n g  r u d c c - r  t o r q u e .  H i s  f i r s t  s u g g e s t i o n  was to

im p r o v e  th~ th e ory of l o w — a s p e c t — r a t i o  a i r f o i l s  w i t h  s p e c i a l

r e f e r e n c e  to  r u d d e r s .  T h i s  has  been  done w i t h  the  l i f t i n g

surface th eo r~ a l t h o u g h  no t ~-- t h  s p e c i a l  reference to r u d d e r s .

He then s u g g e s t e d  that a l l  kn own i n f o r m a t i o n  on r u d d e r s  be

ga t h e r e d , for r : u l u s  d e v e l o p e d  for C 0 ,  C L a n d  C 1 ., end free

st r eam t e sts be done for I lapped and horn rudders and for

h u l l  p r o x i m i t y  eff e cts.

The p r e s e n t  i n v e s t  i gators feel the S c h o e n h e r r

approach is e x c e l l e n t  but s h o u l d  he m o d i f i e d  in l i g ht of

the t h e o r e t i c a l m e t h o d s  nc- -~ a v a i l a b l e .  The f o l l o w i n g  is

t he  p r o p o s e d  p r o g r a m :

1 . C o l l e c t  a l l  e > p e r i m e n c a l  data a p p l i c a b l e

to sh i p control surfaces , i n a l u d i n g  h y d r o d y n a m i c  c h a r a c -

t e r i s t i c s , gap effects , a n d  effects of the nearb y h u l l .

2. Conduct a study of current l i f t i n g  surface

theory programs to d e t e r m i n e  f u l l  c a p a b i l i t i e s  w i t h  respect

6-3
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to s h i p  c ’ - t - t r o l  s urfaces. In a d d i t i o n  the level of effort

for ra kin ç’~ cny m o d i f i c a t i o n s  should Nc ev - 3l u a te d .

3 . Choose the m o s t  s u i t a b l e  p r o g r a m , ma ke an~
rev i sl ot- -; , then run exam p le c a l c u l a t  i ni1 s for a l l  types of

C O t .  t ro 1 S C  I I ~ ~~ C S 0 t h n c  a r b y hu 1 1 s to cowp a re w i t h the cx—

- o r i t  e t t t a I i n o r I; a t i on o I I - Th e con t r ci I s u r fe c - s s ho u I d

i n d uC e sp ada , f l a p p e d , end horn typ es . It s hould be no ted

that  w i t h o u t  h u l l  and n o n u n i f o r m  strea m effects , the pro-

gr am could ha used to generate free str e am data at consi-

d e r a b l y  r e duc e d costs th an mod e l tests.

l~~ . If c o r r e l a t i o n  w i t h  e x p e r i m e n t  i s good ,

t h i s  p r o g r a m  s h o u l d  be u s e d  f o r  compu t i r ’ g  h y d r o d y n a m i c

c h a r a c t e r i s t i c s  of shi p con tr c - l surfac e s. O t h e r o i s c ,

further t e s t i n g  as out lined b y S c h o c - r , h e r r  w i l l have  to be

cons ider e d.

6 . 14 P r e d i c t i o n  ~~ I n f l r n -, C h , r a c t e r i s t i c s

Schoenh c rr goes on to suggest e x t e n s i v e  mann e d

model t e s t i n g  to d e t e r m i n e  a l l  aspects of the rudder

t o r q u e  p r o h  l e n t  i n c l u d i n g  p r o p e l l e r , r u d d e r  and h u l l

i n t e r a c t i o n s ;  r u d d e r  h y dro c -~- ra n ’i c c h a r - a c t e r i s t i c s ;  shi p

r a nc-uv e rin ’~ c h a r a c t e r i s t i c s .  He also su q qes ts desi gn

of a torsion m eter for m e a s u r i n g  rudd e r torque on f u l l  s c a l e

sh i p s  and c o n d u c t i n g  f u l l - s c a l e  tests on a few sel ected

6- 14

4

1’ —— 
- 

—
~~~ ~~~~~

—
~~

-- -.. -
~~

—-—
~~~

- -—-- — - —

~~

! 

. - 
-..

- - I- - •?. - ~~~~~
—- -~~

~~~~~~~~~~~~~~~~~~~ ~T’~ _ ~~~~~~~~~~~~~~~ --~~~~_-- TT T T ~~~~~~ - _ _ _



- ~~~~~ 
—----- —

- , N i p s  t. e c he c. t to re s u I t s [ t a i nit d I it t he spec i a 1 test

r o d ; Is

As p o i n t e d  out in S e c t i o n  5 th e d e t e r r i : r a t i o n  of

ct~n t ~~- l s un - f ace i n f l o w  c h a r a c t e r  i s t i e s  i n v o l v e - s t h e  a r e a s

( 1  u \ - e r i r : ~ a n d  w ake , w h e r e  L n m- - 1 e - d qe  do 5 -s  not  e > i s t

- t y a c c  u r . t e 1 y pr od c t re c u 1 t on a n  ~ sb  i p . Cu r t he r

d r - e - l u p - t c n t s  H these ar c -a s ~- - ou l d  r e q u i r e  e x t e n s i v e  cx-

p e r i r e ’ t a l  w o r k .

The p r e s e n t i n v e s t i g a tors feel t h a t  o n c e  t he

c a p a t - i l i t y  ex Ht : ,  f o r  I - r e d 1 c t n~ . r c c u r a t e l ~ the  Iry d r o —

dyn a - t i c  c h a r a c t e r i s t i c s  of a r b i t r e r y  c o n t r o l  s u r f a c e s  an

ou t I ~I’ LJ in S e c t i o n  6.3 g iven the i n f l o w  ch a r a c t e r , the

a c c u r a c y of thc i n f l o w  a s s u r ; p t i o r s can be checked and

r e v i s e d  b y c i n ~~u c t i n q  f u i l — s c a l e  t r i a l  t o s t s . Th is can be

done by m e a s u r i n g  r u d d e r  torque s on shi ps d u r i n g  p l a n n e d

m.~n ou \ e r s .  The hy d rod y n a m i c s  c h a r a c t e r i s t i c s  f o r  t he

con ’ t o l  s urfa ce- shi p ce n b i n a t i o n  can be d e t e r m i n e d  b y the

m e t h - d  f r o m  G ., b y m a k i n g  a p p r o p r i a t e  i n f l o w  a ssumptions

( a - . i n  the c u r r e n t  proc edure). The p r e d i c t e d  tor ques should

corr c~~po nd to  the  m e a s u r e d  t o r ’~u c s .  - If not it  i s  hoped

trends w i l l  1-c n o t i c e d  that w i l l  a l l o w  general c o n c l u s i o n s

to be dr awn about i n f l o w  d i r e c t i o n  and speed to c o r r e c t

the ori g i n a l  i n f l o w  a s s u m p t i o n s.
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Thc l o l  l o ;— ’ i r -~ is the prop osed s c - q u e r i c -  of

c v - f l ts

1. D e s i g n  a t o r s i o n  m e t e r  for t r e a s u r i n g  control

;s u r f o c  t o r q t r t - on f u l l - - s c a le s h i p s .

U s i n g  th ; method chos rr from S~~ct ion t- .3 ,

a a l a , i t i t c  tb : 1r’ ,— J r o d ~- r a m i c  c h a r a c t e r  i s t i c s  of c c ’ n t r o l

r u  r I a s o of s e v e  r a 1 e>. i I sq s h i ps  by  a s s  U t ;  i n g the

i r f l e t t  c h a r a c t e r i s t i c s  ba sed on the current procedur e .

3. R t a n  p l a r t r 1 — d f u l  1 — s c a l e  m a n e u v e r i n g  i xpe —

r i m - ~- r t s ~~~i t h  t h ~ shi ps used in 2 .  and m e a s u r e -  t o r q u e s  on

ei t l - r s i d e  of the h e a r i n g s  end s i i n u l t a n c o u ~~l y ;ie a sur c

ram p re s ’ :ure~

1; • Co mp are the r e s u l t s  from 2. w i t h  those

rr e a s u t e d  in 3 .  i i  c i a - c  c o r r e l a t i a n e x i s t s , an a ccur al c

e n c i n ~ or in n p r o c e d u r e  c> ~is ts . If c o r r e l a t i o n  does not

look fe t rend s  and correct the a s s u m p t i o n s  of

i n  f a - .- i I po~.r I P 1
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AF d NDIX A

1/.. r j  C~ -~ 1:UDL’[R FO~~~f S Al ~D TORQUES

- 
FL~

-
~ A SPADE L U i ~~~R -

C- I V E N : A s~ a I rudd;-r c - s s! o— a in H g t e  I is in the race of a pro u r-cI l et .

A t r,:~,~i t ,n ; ti i ~ ~~- - -~ 
ci 30 m , ~~ r~rorn~~er sl i p is 17 .2 pen ce - nt .

iL is clca - c e i 3  ~ to lit5 Lull so tlta ~ f- - I !  r e f l e c t i on  (double

the e - e tt iC aspi CI tc~io) con b0 essunted o~ 0—d e- 9 rudder ang le;

al so o~~u;:t~- li near dc at -C~~C to I .0 times gcamel n c  ospcct ratio at

full ru; d -r anu!e of 35 Ct
~~J. Th~ ~~~~~~~ has NACA OOXX secticmt s

and sc~aare ti ps. Roller h c c t r i n c - c  ate used on the rudderst o :k .

TO F I - ~r~ Forces and torques th tos -~ hc-a t th e ror ~~e of rudder ang les .

n_ - S — ~~- rT — ; -
r t ~~~e c L - ’L~r~~ :

Rudder area 11.35 ft x 9.01 ft = I°2.3 sq ft

t i p chord 5.59 1~Ta per ra t io = —- -—---
~~

-
~~~~

— 0. 45 , so
root cherd 12. 43 ft

that N/5C~’- 0015 curves of TMB 033 app ly without taper ratio correction.

Tire step—h y—s tt-p procedure is tobul ~ ted bel~ .v . In this examp le , su bscr ipt 1

‘1 re fe rs to data taken J i rec t l y fro~n ,
~1, 933, and subscri pt 2 refers to desired data.

A d . ;  - :- ; I ()fO! tard i - _ n , where thi tc t L r j  at ion is not se l f— -xp lonotory , is:

Line 2. Take e f f e c t i v e  an~ Ie o f a t t a ck  0. 75 rudder ang le.

(soon) ( 11.35)Line J. Tne ge o ’ir s t ir c aspect ratio is - 
= — 1.26

area 102.3
Use 1.26 at 26.3—d og c t t c ck  ang ie , and rrorotc other ang les ior 2 x L26 at

0—dcg attack ang le .
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~

Litr e 4. RcyricI 3 nort h :t for shi p, bc~s€-d on rudder mean chord

( :. ~~ ir / i (~- - .01 Ii) 6 
-

- - -  - - — - — -• -  - - - - - - -  = ... - x 10
Q. 03JJ ~~) s’ It/suc

Thk Is about ten times gr om t e r than the I i  ~he - ~ Re y not d ~ number in 1MB

93. U~c tik- hi ghest Reynolds test vetuss in 1MB 933 us bcin~ t i e  closest -

Obtain li lt couff ici ent C~ b y m i t e  IpC T c4tit d und fa ir ing from Figures 45, 60

C’- t r : i  (7 ~f IMS 933 for r - \ - ’ e :  p ang ie f~
) 1 deg. S- l ine 19 for  t h e

t’lculmt ;~~ n~. Sifli) Sp~m-d .

L irt c 5. Si ,i Ian t u Line 4, except for �~~- 0 deg u~e Figures 44 , 55 and 66.

Line 6. Stroi~ ht lin e interpoIctio~r for the de*ed swe ep ang le Si = 9— V2 deg.

- Line 7. Similar to Iin e~ 4 and 5 excep t read dm~j coeff ic ient CD~ 
and no

in t er pota t  ion is needed

Li ne 8—Il . Lift and drag are used inn the conventional aeronautical sense of forces

normal to and in line with the flow . Lines 10 and II ore the norma l

corriponcr~fs of hft and dreg cocfficient~.

- Ure 12. The normal force coeff ic ient , for use in computing hydrod ynernic to rc~ue ,

is Line 10 p lus Line II.

Line 13. Inte r~ -date frcrti Fi gures 45, 60 , and 67 of 1MB 9-13 to get the chordwise

ccn~er of pre~sur , oft of mccn chord leading edge.

Lir e 14 . Ir t u r ~-cIu t c from Figures 44, 55, and 66. -

L1 n-~ 15 . Stroi ~ Lt lin e inte rpo lat ion between Lines 13 and 14 for the desired

sweep a~gk of 9-1/2 deg.
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Li:- 13. Th. .- s i çm con~ - -n ~ i-u n is th at used for e n  s : u  uf i cal contro l su tfac es . Plu s

valueS r at C~’J C S - u - -i ~t s  tpp~~t :  ~ to 3t ~
- t I - rudder to la~qer orng l c . Minus

.~ - r - in di c- - - fls tru :~ tc- it r r ~ to r( :io. e the rudder to 0 deg -

Lint- t9. Prc -p t -lIen re:c rU— Le d = (1 -‘ 51i 12) ( shi p sV c -J) (1 40.172) (30 x 1 1-9 1t/~ccI

~~~~~~

[~~i m;L- -d efH ~i -~-e shco:h o flow o.-er iudJ -
~ 95 pe Co r t t x 59.-i ~

- 56 . 4 f t : ~eu

q Unit 3~ ntarn ic pressure 
2 1 .99 lb sec 2 

/ , - - 2
— —-—— (5u. 4 1~ st~c)2 ft

= 3170 lb/ft 2

Sq = ~ yno~~iu s: -u~s ut - on ru dd cr (3170 lb/ft 2
) ( 102 .3 ft 2)

= 325 ,000 lb

lo gut Li~-~ 9 , mult i ply 375 ki ps by th~ norma l force coef f ic ie : t  from Line 12.

-‘ Line 23 Line 19 t i r es Lin e I S .

Line 21. This is the arb itrary error alIo -,-.arice of 3 ocrcent of mi-urn chord . The- mean

chord is 108.12 i i ~ - , jrom Fi gure j

Line 22. Thi5 is the torq ue- error ollov .ance , Line 21 times Line 19.

Line 23. The resultant force coe u i i cic -t CR~~~~L)
2 
+ (C

D
)
~ 

-

Li ne 2.1. The reSuitOu t ic r-co is l ire 23 times 325 Li ps.

(s ee also e~:~. !c~ 
mit ion fo r Line 19 .)

L i r e ?~ - TIie span wise center of pressi rr e at 26.3 degrees attack ang le is , from

1MB 933, about 49 percent span , or (0.49) (11.35 I t )  5.562 ft f r om

root chord . From the given bearings rocotions , t he sp3nwhe CP is fhcn

5.562 ft 4 1 .021 ft ~~
- 6.583 It hcIo~-i t i c  centerli ne of lower bearing .

4
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a d-u-h l  - ram st- -~~in :~ ~co r , which applies torque w ithou t

side force- - L~ ir:q t i re r c-u !tcint force FR from Line 24 the- upper

6.583 ftbeur n n r ~~ rrn~ vtI l ood F , , — F1- —---— -~~
-__  1 .039 1

~~ ~“ 6.333 ft R

The lower ~~- - nin j radia l loDd FL’~ F1, -1- 1 .039 FR 2.039

r-/ ~c;~sn: ttc uc!c uk~ on , the rudi i to c a~er of rollers ac : 
~
U- 865 in. and

~~ -~~~ ta - ~i~e coei{~c rI of cric ~i - i  0.01 . Tie total fr ict ional to rque

is then 0.~~1 FURU FL
fl ;j = 0.01 Ui .039 FR) (8.65 in .) F ~2.039 F R

(14 .5 in .) 1 ~~0.3~ 5 F ,L

Line 25 is th en Line 2-~ t i r u c s  0.386 .

Lines 26- 1 - These intv ol ve addition of th~ error arid f r ic t ion ol lCvsOnCes ts gut 011

envelope of torque as sliov. n in the plot of “Final T urqut Cu rvL -s ,” Fi gure 2

-

~~~~ Linn -~ 30—~2 These involve adinti or i ci 25 pu rcent of the maximum torque in lines 28 and ~
)

lo in Stce~ir~c’ gea r lc-ra~ue

- 

ç or U~~er C~ ori rr q

r ~
- _

~~~~ !_~~~of Lo~~ Gea ring
‘ I

-- 

‘
—- -———

~~~ 
- - — -

- p i n  I
I;

1 ~~~
L _\

~ 
T~L/ I. 

j
3 39

T.p Ci~vd -
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APPEN [)nX 1

- CC~::R E CT I ON ICR 1A! R ~AT I O -

GIv:N: A C oLlti- ! ‘-u rf ace i ;  ‘ . V -i ) I C  t i ps c-’J a taper rnHo .2. = 0.78. The
Ic’! -

~~~~, : 1 :  - hci : CC) C-~~ :~ ICS f,ir A. C) . ‘if) hove b:e ii c~~~t o t C I - : - d I r — m  1MB
~oi~ ~~~~- -~~:

~-)d~~:r CIHL , dci~ 6.7 13.3 2O.(~ 26.7 33.3 35

Attu ~Tk cn~ L- — .~, dc g 5 10 15 20 25 26.3

E f f e c t i - - e  o~~~c-~~t rot : -) 1.72 1.54 1.36 1 .18  1.00 - 0.95

Lift cc- -: f~~cLnt CL 
0.193 0 .373 0.534 - 0.673 0.787 0 .817

Drag coeffiCient C~ 0.011 0.041 0.033 0.146 0.233 0.252

N0rI)-j l force coc- iflcient CN 0.193 0.373 0.538 0. 683 0 .810 0.840

* 
R~~su ~~c.nt force coeff c cnt CR 0.193 0.373 0.539 0.686 0. 815 0.849

V center  of ~:€:s ur ~)
(of t of IC ’~- q edue of
mean chorJ) CP LE 0.175 0 .189 0 .20 9 0 .235 0.266 0.274

TO FIND: Equi v olcr~ ~-aIucs for ~ 0.78 .

PROCEDURE: For convenience , u~e subscri pt I for the g~vcn values ( ) 0.45) and

su~ rc ript 2 for thc~ cCsi red value s 
~ 2 

= 0.78). Referr ing to Fi gure 28

of TMB 933 , the crossflow drag coefficients or’.: cC D ) = 1 .335
c2

(CD ) l
= 0.800

~-O.535

From Equation ~ of 1MB 933 we obfoin:

I - . -,

— — --—---- ~~~~~~~~~~~~~~ — —-—---— -~~~- ~~ 1: 
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___________________ — -.-..--.. —..--.--- ~,.‘ -~~~ ~~~~

(~~~C0
) ( ~~r)

- 

~~~ 
CL = (C 1 

~2 - (C
L)l 

= 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

(7- C

.-: r i S ~~~ o t c ~ L Q I I O I L  in ~;c L-JrI~~. This is used in LirEe 6 of the

ca~cuI tiuVI :h

fr:-- -  r - - ~~~I 2 of T?.’-~ 
Q 2 T  

~~ o obtain:
2 2(C L) 2 — (C

L) 1
= ____-________

2.63 ’-
~
-e

This is used in ii:~e 12 of the detai led cafc .ulotio n sheet .

From Eq~~ tiori 4 of T~-.’E~ ~33 v~e cbtc~n:

~~(C~~~~)= ~~~
C
L

This i s used in Line 24 of the deta i le d calcu lat ion sheet .

The tabu lat ion that foT lows is intended to be in d orm that perm its

checking step-b y-ste p. Ce~~ain ~-~-LroHons are indicated by l ine number ,

for furth er cla rificati on
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T- PI f : d i x  C -

Co ~ ~ ic’~ o~ ~~~ er Fc’~-c~-~- end Tor-eu- _
~ for  a H-ur~ rid -Je t ’

GIv [r ~: Th-3 burn r n d L ’ nr ’ e f th~ USS A lan ka (C L~i ) i-~hic h i o uts I do of the

race c’~ th e  prc~ -~- 1lc - rs . Since  the  ru ~der  is  nut d i  r~ ct1y he-hi nd

the 1:r -Ji~- r ’, sl ip is t n  in to  acc c~ nL Thc - ship speed is 31 • L1

knots. 1 he s He para~- ~xrs uf the r - U J d ~~r are qi y e n in t c L 1~ 1

I
To Find: Forces and toi-cd - .s throu~j hcu t  tb-c ran~j c of rudder an i-s.

Procethi re : The S L L j )  by step procedure is tabulat ed belo w . -

Torque of Lo- er Portion

Line 1 Enter fiqurc 3 ~ii th h i/ c i  ratio and for each rudder end -e f i n d

CN.

Line 2 Det c-rn ine the rcrr;al forc e F1 wi th  ~he equat ion F1 = CN (,~ /2) 
AU2

LIne 3 Enter fi gure 4 with the hi / c l  for each rudder angle.

Line 4 Subtr act the ratio of the dista nce of the rudder stock to the

leadin q cdii- f i - c -~ t he  dist enc e of the center of pressure to the

leadinj ed ge to ob t a in  the momen t am .

c-i
4 . 

- 

_
_ ._ i_ 

- ~iiE



r -__

LI nL- ~~. i’~ :h ~; Iv i d -  VCIII ii~ t b - . - -1 by th-~ chord Icn~t l~ C~ to obtain

fbc -~~ : - ~ n t  cirm .

L i , ’ ‘
. t . 4 -i h :- I y t in fei c i - (~ 

r~~_ - 2) by th e - lr ,f :nt ari a (Liii 5) to ~~~~~

th e  I~~ - - ~-1 t , - ! -  -. - - , - o:;o:-,

I o n .- ol U , ; . e r  l o ~Lri

- . 1’),/ L i ,~~ r ) L  3 WaIJ I I - - ~, C 2 10tt ~) (rid fc; cc~ch r c d d c r  ang le

f;- L~~~~.

I k -  -i- . D~~~. :~~ ~~f : t !  t~~~~ i - t J  I- - c o  12 w~ h the equnt~cn F?
: CN ( f / 2 )  ~ U2 .

i,o- Y. En~ r re -
~ \- - j t h  ik- h 2 e2 not io and 1in~ the di~to nce of

t l i~- ~ -r e c .  of l’~~~~u e -  tc cL -rd L - r e h  rot io

u~t > 1 \~~IUL C f  hne ~ by the- c hord Ieng~h C
2 

to obtain iL

me~ - -. r~ arrc —-.

t. ’ - u I t  !~ hr. force ( l n~r 8) b y th rnor —r (-nt arm (line IO)to oh-t om

th(.- L i  - f or tkr t~~; -r r p ortion Q2~

L; - h’ ~ of i~i - ~ and ~ tO obtain the toL I hydlo-

I - c -  - -- I)

Total Torque

Jr $o~~ -s ol IL- LIv er onl UI-per port IC- is F 1,~-~ F 1 
+ F

2

and cr. ~~~- - - . t hot the no; mi-I force F N is cqu iva It -u t to t he

r(-sI I~~i : , ~ I ’ l d C  r
1~ .

14
C - - 2
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rp— 
~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ ~~~~~~~ --

‘ LI ne - 14 Fi nd t he  f~~~C. c~el torr :e~ Qp u s i n g  t h e  resu l tent force (ii ne 13).
- Ey stf . re te c-n l~ ~letio ;- , thc total f r ic t ional  torque equals 2 .75

(F e ) fer  nl- :-L - e  b-ee r in~ s and 0.14 (F R ) for  rOller bea i- res .

For t im p rm -~~. : of th is cd lCu lat ion , we sha ll assu:ne t b-c bearings

are rol La- -
~~~ n i t - - . T?- .r.n - ‘fore , to find the f r ic t iona l  t om - qu o , u s e

= 0. l-~ (1 p)

a Li nc 15 0; is en add i noe l all C-- -
~e c e  . For roller bearings and s l e eve

~~~ j 7 1 t h e  t l r c :ec  ci 1 n -  nees arc- 25 and zero percent oi the

ne— rud j
~-r  t o r q u e , rc sr ctiv ely

Li n-c IC- — ‘.7 3 tLn fe LIe to~ - :u-e c urves of the enve lope.

C-3
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S} rl Jr: Pi.irc o : . t  0 rs fcr the C 131 Ru d do r

All  di rn uum~ions ore in feet and square fee t

- - Parornotcri~ C131

I A7

10.67 A 1 +A 2
4

c 1 29.02

- dh 1
d 1O .~f — — 0.230

A + A
Il l/cl o.~~ s 

1 2

d/c1

185.9

8.83 
-

c 18.33 613 1
2 Ar ea : 4 9 5  SQ ~~

/ ~otOn ce ; 23.0 i e r  ce nt
0. 482

h + h  19 ‘~0

(h 1 
+ h ) 2 

d~-3. 3 -

A 1 -f A 2

2 
_ _  _ _

0. 768 
-

A 1 a A 2
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I.: t I i  ~~t.’ i ’ 5 , I~~_Ii ~nc~ T - c i 41c ~L’ 1, J ily ~~~~

In t I I I. ~ 5 ’ L ~ t I l e  o;Ii!, - - r  O L,t l if l t ’ ’  iF - c,It . 7IS of t h e  1IIdJ, ’I tO I~~ -_II_ ’ proFIeri~

b ’  c i i ’ . ~ . 1 5  i t  m b  ~~ ~~~
. . ‘ . I; ’ 

~ “ic,~;c f ,3 ,ctOI~~,
I ri imct y sF0 ~~~~~~~

. t~~rm~ n~~
-
~~

tII~ fc . c1~s 0 1  C, ~~~~~~~ II f re~ t ~$ I L .  I cci 1
r’ ,.’ H i f ,- ing fo ’ i ; - t~. ,

1 Ilam el )

th ,~ .: Cr Ic  T : r t ~~ H. i i i  e— ~ t r L c ! m IC~~i ’ t I 1 r c j c l I ; tI~ I 1~~ 1 ’ t I C t V’C~~ ’ by t h 0

hull ( t i C  Ii I I ~’ ~~~ C’~ ‘~~ Ii - Iii C O l  :lu~~o; I the aut ; ~~; prese nts a ic- I ‘ CII IVC

p; .  ~:“m for f .. t u r - :  v- c d; he feels ~
h _ .~~~ld  be done in al l  o r c e s .

Two r ’ I J c r  Ily dc l . C C IC  torciuc ca lc u l at i o n  InctlIodS arc di~.cu . S t ’ d  -

The f ir- -t is L~ cd on t h  to ’ •-~s of dynomicol s im i l itude app lied to the

whole s>’~~
i I m , ~ o f hct Iudd r toR 5ue for a new shi p is calcuI;’~ c d  f rom

data c~I 1 I  - t i  cc c s~ :- ’Uor sh~p operat ing under simi b r  cc:;,.I ~~ . -ns

T h e  ~e~~; t; i metho d i~ I’csed on d)’r;cm ical lows o5 ’p l ied to comro ;’ ’ nt s

of the ‘.i em ou~~’:C’nI ~-d by empirica l or sLmicnlp ir ico l correc t ion

50 that c horc - .~ e - r i st i c  fo rce  and rnorr,ent CLI rV C3 for a f r ee

~t r cc t ;  I L C ~~er of I FL’ ICtit,C type arId shape are nI l  S ized  an

t ine I n?  I iC ? CI,i C. III C~~5 C :I’npu t e d  Or (~~~5 I  mc,~cd -

In odd;5 5 . ~) II  So m e I .~~ ? ~~.c t s  from au foil t heory arc included , and it is

shown mO W the f r n . ’~~ s t ream rudder information for the second method

3 ChCIVC con be dcdj cl d fr c ln l wind tunne l ex p eri m ents or lift ing l i n e

theo ry w Ith C It
1 I icc i l factors n _ luded (no profile shape or th icF ness

If l C !  ~I. d) .
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~~~~~~ I! - . c ’ l ’ . t . - : - .~ 5~ ~!.. 1 3 .  TII~’’ . ’ -  ST U 1’C 5 l -J ~:’ -: U r I J  t~ I ci t~~~ --

of f lI )  I • ‘~~1:It ; F- ’) I - . H; N- a I I ’  C I I I  ~- urf a c .  ‘)~~~~~~ 
t ( ’ ~~;; rul . I I

a’ . .’ !C; f . j  - - - .1 ~~I -  F ’ s ;  I . - - . t , ’II ’I O f  R - - I ;  rI . c’ .- of -‘Hp to

IL- I : - . ’ - ;  II - - . 1 .  rI:~~
- I~ I 10 ) ’ : ruiJ.tr; il l- I  ~ ‘ rs ior1  of tC f t -

(-‘* ~ I I ’  ‘~
‘ tu~~!I , , : t ~ of 

~~ 
ed~ 7 c-~ i’uddc- r t o  ~i lC l3  of shi p;

~I C . c ; ~~ ~~: l ’ 
~~ I (~~\ ‘ I tO t i  n; r~-dder C~ j t~~ ,-i; ~1’~~’ I t t

0) .IinII t n 5 ); /~~ C o f  rudJ_ i  dr i- ,’c c l i  hec lr i I IJ~~.

3’ ’.Ln ; r I c l n ; , . 1 C- I n iS g i v e- ; i  for a~ tuul c ( ! c l l l o t  Ions .

Lastl y, Hi ,- autl-1r p~&’ ;c -. s a ulentci ve Program f~r Fuf Ire V ,urk -

Th is pr~~
- .’ii ni is as fol h ‘- s- s:

11-. 1’ iev, a ; -  m r .  11v .; theory of Iow —c spe c t—ro t o air fo i ls

w ith s~ - ‘c iu ! c’ f cr e rs c €.  to rudders -

2. r~~elop desi~ n formulas Ic- i CL, CD, and CM for

C onIrr .In! y w i  ruc:Jr’ r~ -

3. E s tn l ’ l  1sF a rucHer at las wh ich includes oi l known i r f c r —

mot ion Oi i  ruc~dc; . that is of intcrc st in N~bvaI Architecture *

4. Cond .ct  add itional tests c-n flap rudders to obta in f cc—

stream c l Ia roc te r is t i cs  -

5. Desi gn and te st a sys tematic series of semi—b a lanced

ru rs (hon ri r~ - is . )

6. [>p lcrc I I I- ’ f~ .!d of unconventional rudder t y~..es
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I ~ i I  p ’I- - c ’  I I
/ 

I i i  I II~ 
- I ; I IL) 

8 (‘ t ;  ~~f ~-; .~~~ e t i c  t .~~’c \‘~~~i vat c-u  t y~c~ c f  ru-dd. ’ c s

tc, cF - t i n I ; - ’ -  I C  ( ‘ f i c 1~~t. . -~

9 . l~ ,c t I  b . t ~ il . :1 nJf - ef  , 1 ! . : 1~ s and f~

fl . t~~. k , I L 
~~~~~ 

.;i H~ ~t~~~ ’ i  - ì  end t I c -  c:1fc -ct~of v,’~: l t —

c - , .  F r -- ~I ~~ i t t t t 5 on I i  f t ’- r C L ’S a , .  I2~~’ , ’ , I . t rc~~ n ’d*. - foims ~~~~~~~~~~~~~~~

for i i i c , h _ S~~, L 1 \‘I, S  IS.

II. D-, ; s n ,  and C c ; -’ t o r t  L - C ~~ 
c ,  i t -  rc large

mr I’ S f- ’i C 1 > 5 ’  - - ; 0 t i c  I t  l’ s t c C t : 1 I o f  t N t ’  h uI l— r ; c s -_ - l I . -  ucl-.i

interach . ; (.‘ 1 I L ~~~ S i n c TL Ic : ; ,~ t I lL)  t t  C I 1 ! U ( ’~~~ i ns t r eme nta t  c r 1  for

$i :I ;J lt . 1 , ’ ’ c~~~I~~ i - I L ’ I ) ” C I  -. f lCf l~ S c~I r u - L . r  !~ct , cFcq,  mc; tf t r ; t  and ang k

of (Ii. , , i ~ ~~t?, - L C , t I ; I I I Ij  ra ! 5 ,~~ drift Cc -IC , ef f e c t i v e  ang le t 1

as:~ F s’nd v.~ tcr f l e d  r I’e rud L_ - r , pinpe! Icr IL -v. ’ lut I I I , t hrust

and torque -

12. C C- IJ IJCt ;~‘ - - t .  ;‘, .,~~ ic t t ,’ : t  -
~ c-n the sp ’c ial i t c nn~~j  modeL

ac co r u i r c I  t - ~ co r { .- fu H-,- c i t ~~J c ;  i t e s t sc i,~ J,- l& ’ s .

53.  C I ’IdUc t 5 I I~~ I! ‘t. - rt t ory SI  s in one or more model hasin~

Oil  Snii 3 llt ’i S r - t i e tt. r J ’ i s  ;- - N’ tt S l I t  I -  u i i n .j  arm and o~I’c,’r 1-sta blisi~ed

tcchniçl k : IL) ‘bt t t 1 
~ t i c  C t t ,  c - I in. ~’ -

~ 
- ‘ ni’ ’ Ii? vu: j ut ions of turning

rad ius c i i  *I1t (, fl ;lc 0 1 !  ~I 1~ 1- f !  ~ t s  of model ~
( ( I! C .

14 . I es i in C I ’  ~~~ n e ll ’ for nie~ surin 9 r . - -Hcr tor que c-n

IL I ! l -Sca le  1 ’ , i 115 .
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56.  Cc ! - : c t  f - ~ !- ~~.. - . I I  S t I s  on ~ f r”.- : . c lc ~ Ied tHps to ch~~ k

— I ,  I — - — — — II ’ - r - - - - I -0 1 : ~~~31  1 t t .  A - I  - t i - s t  I I I  - , 
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1: tu -
‘ 1- r  ct.-: as- - c - t  r - - . t t — tc - p: -:- - i t  I 5 U S C ’ OlI~ 

- t ’I o~~ J

Li t I ’. C I ) CL

IL- Ii t L I  t 5 . ’ I cci -: ~ Ic t i~~n I l c  ~ :3d disc L’ ’~s ~‘ t ~ C. - I ‘~~p C r c :  to t he

J cc : .5j  r : t ~’ t F c - J  T i - u s-c cend c ,  rL tp~ - - ld: to  t Fc t ~ I F - ~ - J i C c  in

DI1* I :  _ ‘Fi ,.’l, t S  ti~~~C C,t J  L c I  l_ I , t i t I i C , v,L i  r . l i I i r I d - -  gm - I S c - f

DT;1Y’- ‘13 3 LIScJ I~t r free st rea m c~ .c s c u i c r t- 1 i cs , Cr the s e ’  —

c . - ,it icc l l i f t ing f t c  !i’,CC r v i t : ~~~ut ~ fl tn~ sall e r u p c s t  -

No s,~!~~t ions to rc’ :s ~~ ,’idinc. pr c- L’h, n’s are 1;” cc -
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I ‘C - - ‘ - l i t  ~~t .’ t 1 ’ j ,  CS OTt)  C C’O~ - ‘~ ‘ii i i .  n I s- ’ ’ c t  ~OiC,

- Iv - , - 1,. r~ -‘ ~~~. ‘

Sc - n  n c - ,: i €  I C i -  I d c ’ : c r i i , ’ - i . t  Ii~~i ; t ~ l ine tI -  c: ’> ( .-~~ Pnu ì ’ l _

I. A C ,  2 d- . ) C l S I I . - S  the lii;ir . c i 1 i ’ ,C o ’d ld~~nc su f ~cc Ii ’ C I r i c S .

R C f C ; . CL 3 L ) I\ ~~~~ S t - c : , I C  th e o ry  c d  ( ‘ X p r ’ I ; l f l C i l t O I  Ci t : rc .C C i i u iCS

of v - i nig SLA ’tiOfl’t o~
’ all type: . .

Ccr n r t , - I. Lif t  m t 3  l i i -  t r . Firi u::cs n c ) - F rec k down 15, ’ rl;c~ ’ n t  r I  Ct ‘ c s

than fou r.

2. L . t I 1 , ~~ line tec I ,f l i I ,. r’ s cc’ : . : d -~ use on~~ i t t n c  bu~

rec tc i rv  :I-n r ‘.‘11119 S I c t i O n .

3. Li F in .3 su r fa c e  theory ccii ‘ccii c any a’ 1 - , - t : 5 n~~t io o r

CO i LII Cl i Of l  -

4. 1 i.:~ s con be ad- i d in the l i f t ing s urfac e cc. h u s .

5. V isc ..us e f f e c t s  c i t - cc Id not be rnpo~~ Cit ( \C I ’p t for sr ;  C n t  ion)

except for poss ibl y flopped wings .
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‘I Ui ’ : :  li ~~ H I . I I., V c - t i  H-- 1, A - U . ,  I II  c - i F CI \ II1J S” ut i ’ ri ; , 1937

CI .~1p t c ~ I — TH ~~~~~~~~~~~~~~~~~~~~~~ 
nIV, - , : ~~ ‘ 1 i ’ I :  I’ H

1 : 1 1 1 ,  ~~~~ , - ‘ C I  of 5 I I ~~ cr ~~ C~ V tA. Ii ) ‘ t ’ .C ~1 ’ I i ~~ the rc , ,~~~( Ir,~~- ; , ’:dJ I

1 I l l  I nì~ C C !  A t ; . - , F - I  - ‘  l t d  I ir f-~; - -- - 1  111.3 - ’. I t S  on ci s-l eg

5 ; -  S ILl” . LA I l lS  11 , ” t F t . l i n e -, t ,

A’ ~~- - ‘~c - l  

~
, I ! . . ;I d i t I  Fr :  t i .-i and ~nl’ , - : k tL. cnn r r -  .‘ -t l l  ( ! t ;  ‘~

IV - :N  - ~l ii: u- i  .- c I I’L.~ I i t !  l i ;  t t - - ~t en -  -~~S i~ I i  n.~-

i O u  c 5 i a i  c cy ’ .it ic’ :l - )

2. TIn- Lc d  I H t ;~~~~ - u t i c  cor rc- - : .~~~JIn3 to  t h~5 k . -. ’ !  .u!nlud cj t ,’ .I l~~uHl

IS tl ” t i )  IC-t nt-! I S i , ~~ ~~~~
- i I f incj  s urf cc n e- d3 -J-nt i c - : s  c i A ;  ~he ; “t pCi i~ f l C i i t C I

5 , -, t i - ,  I dn tO *

3. TH~ IccJ c!I5 t i huij ~
, ’i i t  coin ; - c-i wIth  tF ass ent -. ] 1:t L. Ion .

4 . Ii ~Fe a ssu-  1 ’ )  U r I C  uu!cu!riki r J i S t I l ! . t I t - I15 Jc I;-A t uc r r  n , a second

on is itiI L1L cn f  t I -  I~ a d n ! ist ,F:ut icn .

5. Thu p c--c ” is cc: i t inc ’ed unt i l  t he lc- .t .I a r J  dowr~- ,~~Il d icfr iLu ~ion

Ore conr~~-nt~ Fie -

‘ f l i t .- c f l j t ! i C c F i r i t y c-I S - c i t - A t  I’~~~~~ 3 to t i €’ ~‘l i~~~ i1ll of ftc oerod >’nt~’ci c

c-f \ V i f l ’ 5  5 I tn I l i Ld  I’ >’ tb ~. ~~~~~~~ L 1 C t” C ; ’ ’ f l t I C ; )  n’’j~~.-

in the ~c ’  I - u 1 — i p ! I A  I l f t i n i  tF -  - i f  t b - i t  LA II SIc t i o l t  acts  ridt ’

pc ;u - ! rn t ! y c- f i t s  it~ , f . , - t 1 I ’ :n’ . s t i : 1 s  - - ‘ : c ” 1- t  f~n t h-~ ~r’ I l c e s i  downwc~h

This r - “, _ i i r . d  tw o  ( t ; l l t ( A i- ~ 1t . - A l  (c . -
~~’ , t !~-nt is , no ‘ - , m i c t i c -c cf sc~ 3 ion ,

chor i, or l i l t  oH .
~ 

-
- -

‘ : r ~
ic . This cc- i  have t - i 1; I J CaI l t  c f I cc t~~.
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Page 2

A l : - , it i& r c S r ’ ; ’ - J t i ,  -~~ t L- : I j { t  c t i S t ; i i  ~I i R ’ t l  IS  JIi 1 t r I . ;! , v.l i;,h ri--

su Its in co s _ . t  n t  F o! _ ,-ng t I~ w Ins .  In od,N t i - _ ’i, vct r intl ioii

c—f - ‘ ‘‘ - C Ct ’ t i  ‘ -3 :  J ~‘-‘c ; ’ I A  i~- -. . t ( ‘ IA — T ;~~ lot t en p l o  ‘ 1 1 - 1 : 1  IS

c - c C - i 1 i > l j i e o ’ ~ .1 if ,1 . t ’ t H , i > ’ .

- c - - l i t - s  y- - ’ s r  
1

, - t  c - - Ic ’ n - - i t:  l i F e  cittuined from t i l i n g  line-

-t -~ r I S A - I . CHfl(ILS of s e c l j o c , c;horcJ , or t~’ . i ’ t c rc

- and 1 t t 1  5’ - n c  i d  flO ‘r ,-Iic ’J ;;ceu 5 ’ .’ ( L F .  T hese cc - ndi t io s

O l d  n~~~t ; . c : ( S F I L ’ c  Il l  Ut t I l L  ‘ i nt ’  t i lt  or ne-or t b -  - - t i c i t i t i c t -  of part ial

span 1!-, - - c-~ defi~ ct~ i a d c- ron s . The s ct ion i - , a cr~ not at ri ccbl1

to lo,-c ‘
I ‘ ‘ rut ic-s .

The c! - ‘ t 1 3 1/  5 r .  : 1  ; Lc l - ’ ! 1 app ? i c cb !e-  t c  c- nf lc pped f ’ ’ I!~ cf

mo d: .- ; t c  t o c .’ r  OlISm 5 -  ~ r~~
) c-f O ’ ç l e c t  I r t l O  4 . Th ere - Hrn- , s-- ing

s ec t i on  t c ,t c t  c i ’ l t  j t~ i . e  in t i c ’  li ft ing line t eu tn i > ’  is not us1-f ~- i  for

p-crp~ :c of 1N - i r i n ;  :-b1p cc-Hr1: i S U I f a C r S .  It ~- i I c 3 ld  be i c - I c -i Lot

the li t n ’; ! : ~~ ci i i  l I f t t ’ ~.~ s u r f a c e -  rb ,j ) ro ’ JS c0 !c~ lc- t ion t in c r i i - c  in

i ; -
~~~

’ Ic .: : . ’ -  t ! . - :~ ct  inc~!- :, c -c t - C- f  c ~pen ! It t l i l  S e - cl ic- il dcl a but nst cod

S O ! V~~ t i - c  c or r ~~ .~ ln n d i n q  bclundoly va lv e  probk m ni ’cnsc r ical l y.

I ,
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lu ll-: A l t  - , L , \‘onl I) , id-Il, A ., ” ’Iill:o ly  ~~I ~~~~~~~~~ 5 L C i i~~~l , I’~~I?.

C} ic~ L-r 7 [ ‘ p t  A l :  f _ I  - j I  (i,. - i i ~~t & ’ i t : - ’ i c S  C- I  \‘ n i : ~j  S I

S - r , : i ;  , : I - L- - .- - i i a t ’ i r i -  I r - . -~ i c t  in-

1A, 11 5. 55 ~_ ; :  f ‘ ! - ‘ — 1;’ ;’ ’ - c f — n r i : o s - i :  - A - .

I t .  Icl,- t n l . ’ 
- ! ; ‘ ~~i i -  : i- Ii Ipc : t ; ; i  I t i 1t ~~~~~~~~ .j it Ir ’~ of n ! c n b i ; . ’

mdi I - — s e t ,: c I - - : ,  H I Ic. ’ i.~ / ii ”I ~
l 5 ~~~ 

- ~~~ 511 i t t  ~~.. t I  I >’ I t  v

I I I  I I L A I C, t ’  I - - J . i ~, I i ~~,; ’ C ~~rt C i - { , : i Ii, ’ ’ ,S I A- I t H I S ’

OX .  :‘ c 5 ~~1C C O ’ . 1 H ~~~:p- ~’ ~I c ,: nc-i -

B. Tv A :- _ - i _  ‘ i , t !  li _ _ l i - - ’

\.
~~ th  ft IS I n t l . I I  3 w i t ’ : Sc ’ C I  c f l S  C l  I - - -  - ii t v ,  111 , i ln ’S ’I’

s ion,:! IF. . at iai~~-.’ I’~ A i d s  i t t - s ’ I - s  ri ~~ri - t i r — : c L d i  c- f vc ’ ;>

low t t . r ! t t i e~~, - , I t r - p c .~~~~ c ’ 1 i ’ ,A  t i - ,~~: CI I i -  ( t Ii:,,) 5 l t , . . i 1- -- - - ~b ’ 1

s e c t i o n  Jn L: d i ’ .tt~ ,c.:d no e n s  fi l)tfl ~~ L f l~ 
ef  t c - ’ t .

5 5 ,  ~.t ,,i’ ; C ’ , A  ~~l i C  ,-‘m C Ch1c- l t - t e r j 5 t i C 5  — I I  ‘ i t t .  c ’ . - ‘ l i L’ Ci I-cl ,~ -,-

~~~~ !‘~~ - ‘~ L1~ , - ~~i ~~5 ~i C A ’ i  of  ~-J A C . .\ ~ -

A . Lif t  C I . s ; c ~:’ ’ n i s t cs

- A fi 3 10 I 7- . - Lif t  - Lo~~:c’~>- do t c - l r 1 ’ i : , I,d 3 t h e

ii’, -- t h i c f r ’ - ’ ss r c l i c- Qp ; ~ ’. ’ s  I , li t’ j u L

c-fl

2 .  1 t t — C ur r r ’ SL’pc — ‘Th is r u - i - : .  p r i r t u i 1 ~~It l ~ d o

I n  s> - .t e r : . t C  (Il l Cl un I - -  c i n - - s  L - ( 5 A ’  n S  fl

6 6s number Inc-ni 3 x Ii — 9 x 10 -

~
‘

- ‘ I  - ~~~~~~~~~~~~~~~~~ - 
, 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~J -— ~~~~
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P q .  2

- - 
‘ 3 . -

, 

~~~~~ L i f t  -- l h ms -~:- rL ’- . ‘,‘ - i t I n  l u l l  n ( ‘~ 5 U5If l  !\ ) ‘ l

r .  - e l  - 1 - A n ~’ll, - , t k / ( - \  S I ’ c t 3 } - ~ i n ve W i l e  I ef l t l y o t t i

t u t u - i  ~~- ‘- C A  0’) fc- ,Ir di~~ i t  S c - I I I ’S I’- Ut.(~d In- s lip

I ‘~1 n - n  In c ,’ :-~ S C m  c 1 t t ie  l i i i ’ 5’ ‘. 1  di I- u> i - . - u s  i uni! Ii

(L ) ’ l H ds ~~~~~~~~~ L ~- . - -. n  3 x IU~ and 9 x I0~ icr ,12 . tHck-

l i s A; ’  ~~~
_ _  d~~. -~~~

-
~ - Ef i ’cj  of  Surk:1 Co ndi t ic - r ,  on L i f t  C i iai. . c t cn st ,.: -

4
Sul ~~~ S O ,  ~~~~~~~ Ls j ’ ec ic l ly i . - -i t  d ue l c C - c t i I~~ c Isc.’ , 1 1 .5  a

la rc— - ~ f e ~~t n — n t I c  of  w in~ c - ,;tj ~ n~. Tb0 nul a xj t i nn I f s

c o e f f i c  ic-nt d; c i t - ; ~~c r  prc q r rs ’ : i \  1 ’!~~~ ~-~ th i n c n c  D Sir , q  - ;l in ess .

TI~ - l I f t  C u iv i ’ s i ’ -;:- c - d t ’ c r e o c cs  r c i t l t  i-~ ’ :nec .~- Lt n c- .. F n .  ‘ - ‘ .,  in.—

pcc .i iy Ic- i t ! dc k c  r s- c t  ion (o\ -r 58 por c~~.t t h ick .)

j ; . [) icn Ci : n n c t  :.- ‘ s t  L s

- .llilni -Jdt Droq If Snioci s I : \ - i n~ St c i  is ’s — Th Is j r

SIlO S - lI to i ’n vc  l u t i i 0  r- n r i a l e l r ’l VS t h Rey nolds n t - m I - i - I S  [ ‘C k- .-L’ 1 - l

*1 .4 IC~ and 7 I~
6 Ic-r NACA 0’)- ~~ c t j t ,  c .

2.  \“or ie~I - ’.-r of Pnc ’ lj Ie Dc.’ - ; l ,l , 1111 L i f t  Coef f ic ient  —

t~Y’st of  l i t ’ r - os i a t :- ’ ,f dreg s- ,- t I; S u i t  for w ings  of t i n l t c -  r r nn

ri -s i t s  fr~~nn t is c  in  ij ilced onan c c - - f t  i c i - ~nt , w hi c i t  var ies a~ pn ox i—

as the  squ are c- i the l i ft  c~~ 1f 1c ,ent for a g isen w i ng

conf j i i at i  on -
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Pg. 3

Cel l - n i t _ A TIi~ ~~~
- -~~ . ‘ -

- ‘ I - C : ! .  i s ut I -  ~~ -cn ~ s- s ilL” ond con ta in: naucli e>’pi - i : : cr t  :5

to .

I I :  on”n t : ’ - - - ’ n tv s ‘ : !  r n , - - l  IcStl n~j t ‘ c ! . r i i ~~ue o~- t T i :’d I S  not vc~y us e—

t~~I I n s  t - . ~ !I c~~. - ‘ c t  s .  I ’ ,  t:c ’~~oI s c - d uet ’ s .  The l - .- .p( ’ n_A a d  t u r l m - I e - t t c

f c c t c r s  ~~. cm t - , - h - U v ’  ~~~~~~ t lic ic ’- ’;~ ! , - , - n c ’ s t c - f 111 0 1 1  i~~~ )’ I ; O l d S  i ,. mt . -r

I - : 1

t bc ’ y~s I l l s  A ’  ~- i  is  s c - - n  t o  a f f e c t  t i _ A  C “X i r f l u~~ l I f t  oni >’ . A i t t .c.~~b :

q e n c n - l I i / duo nnO\i i i UI’ l i f t  is incrcc.ci ’d lot lo rce r  flit \ ‘His ci:: b _ A s ,

in the c u s o  ~~i H/-c- - , c:  — i ~~~~~~~~~ the ( ‘f t  c tS  51,015 I’O ’ r ’l ! t ’ d i i L - I C

(it ic  i,,. t ~n IA- wIt how r UJ c~i tn  b~cL~ d 1 1 is up.)

SirlI. e d o  S i f t  C c I \ L  s ! c - p : -  is nc- f a S k s  u- I  by Pc- ’,-int t- Js ~~~~ I~ ar - r i  stal l

is ru t t’c t n  re d in ship contro l sul fa _ c -  desi gn , it  aj 1ieCi~ f o c I t he

effect of d c - / I t  ~-lI I
- i ’u od - ’r on S u i t  con Lc - ‘ t i n f i  -

‘ ‘.‘ of t I  - ‘ ciL-ovo , ci :id S L M C I A  t I lC c; ic ’u cst \ .1:  iC l lCt - l i  in drag is  due to

t ine i c - t i . -, d d i n e  ( o c t - c - I L l  and n:c- t v iSco us) ,  I t  cprcors S i s a l  t i e  drc’s

and m u  Ci a ;.  c l~ - r i t - t i c 5  oi s hip cC Int IC’ ! S’ .’i’ f -CCn ’S c - ct - i L - - -  p n’ i i Ic !& -~i \- ,- tIsc Iut

COnS Ii- : i s  a r i  cous r f f ec~ s - I Ic -w cvc r , no t  iii ng Ito: I -
~~‘ t n  iflCl- ii ic- ne-d w It In

resp ect t o  t iw varu cnt IC I t ’n of d og  s- - s .  annIe c-f a t t ack for var ious Rni>’nolds

numl-:-r - Tl~k is int~’, r Io t  1 for cent er of p~cssu re id culat ions .
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I - n , C’ - • i ’;- T - : ~~ ‘H I  1 s t ., :. - -~- I NIo ;uli n i ’  ~r L i l t i r - 1- - ! i : ue lIt : ’,”

.‘ I 1 ~~\ ) J j t l C , I , I,~.ty 1~ i~I .

Sun’ . u ’ . T h IS ( I  - - I C ’ ~~~~~ 
i1 OIl  i0 ). ,’ ’. S t - s C ’ 551, 1 PI c t m t t l l ’ S l i f t i ng  1 inc -

/ 
i c r  t , , _ . t s ~ I C .  — . I I i  t c1 , - - —

Cc - nc - s - i t S , , ‘., c u t  S e  nIt I.; . ’ ‘ ‘- i  e ’~~ r-d - .1 rI, - t ’’:c d o n o  t I’ m - . c 00- Ii

s- , e d ; . , . I h  CIIS1 ,’ c t A t . St , c I t Q t ’ it  nd of ~~~~~~~~~~~~~~

‘1
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Ti iI~ : lire ’, L.; Lii , C .1 I. , ~I I ’  - ‘ s’ ~-rn c e of V/ in , 00, I 1/ -j ’ I ~ n.~ 1- - I c r ’ - , ’

/ . P _ -’s j -,,ui . !  \ ‘ ,H. ~U, N ,. 7, Jul y 5—1 7

Su.: : ‘ - : A Ct!lo,L- ’,ne’.. ‘I t t - LI for d~ t - t . n h . i n g  iSo liners n t i ~~ 0r W i i~~~5 in

I l - u  .‘ j d  ~~~~i1 ’ lIt . s t r u m .  T I- t , p;c ;dc llns n S t l L t C , . 1’  -~

I S - - ? I~_ uni~ - ’ n :n.

Thu ~~~~~~~~~ n - t u~c of P,c. , -~t I ’ s lj I t l l - r~ IL’ t heor y for th e

c-~’~.rall cc! ’; ,!cILn. The n::.e- - d t io nn is nod. t i - m t t l ic  uJ iu5

of the propel h r  c u d  the ciin;d arc- of t t e  s-s rne orde r c t i : I  L- - t i  et c

much s-nul l or I i: -~fl Ill,,’ Spain .

Co’ :c - t : ’ s : 1 :l~ j s i c ’ s 1 , f l t i: t i o t u  S, ! ;A r ,’S i~ - t w  a i u c - n — u n i f c r s , t  i s I l  ow con I to

Cos ’A. i is s d s’ .-is k c o m~s- u t i n  t in -  prop€-rf i~ of a wing .

The bosic f l rc I c t - c!’JIi; in-1’olvIts ti11 I if t inig T i r e  theory, which

sI:av:s sc- rn” Li ~‘ m~.dc~ n at saml I as pect  rot i’c~ 
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Ti t le :  Lo n i : ‘ i , Li., V,11 .:n’ , FLT. ,  “ E v c - l I . -, d i cul l  of Lif i t ug -S u r l e ’  - ‘

‘ I S  I ‘t  “ ‘ - ‘ ‘ I  ‘ I f l • I  the f~~- c.- . - i u ; , f dL iu_ .
~ Din PlC1 ~ I

I t  Sn - cd >’ i-~~ t i c ’ ; , ” i’I~ ’)DC RL ’j J l r ~~~ ~H2i , I ’ .~ ’ , 19/3.

S c- - s- i c - i :  f t s  i~~~- ’ ~ c. dif f e r1 -  - - ‘ , f c- rcc- , ~~ir ;  c c -t n - . rI: - -
- 

- - ~ h ; t  sor. i ’ ’  t - - ’ ,~~

vci s l ;s (~~ . ~C”t ’ l ’C- 0 ’.d Iht t  other s ’ . -: e u I s- - H ’  nt - t c- pc r; b0d1 s- - id-

.-s ~~’ r f  ra l i . S. ’ f  H I S  s t o o d ’ 5- i !  : . ‘ ~~~~~~~~ - . - n , - cc ‘r - - t - - ’ ~ 
I

dlif ( I I I  j J  ,‘- ‘ (nc -c (II , Ii Sil l ) t 5 t  ( I t  l O t  a it i cal I’ - Id) a c-c!

cornpcurcd - , i I h  c. :.,,,’ c ’ i , ~- u: :i :1 ’  H, oh ! d , i : a .

of ft , ~~,,- : ‘c , :’.s si  t- ~~u d  d i f ~ r- .- n , c ’ s  f I L : u  t i c  e.\ pc ’ r imc h c ?

results ~ hI w ine  Sc - c s t i t an  ‘>,~ - r i m; r ? : i ! a c n ’ : i _ A c ) ’ . It should

be noted t I tn~ nitH , s -me c-I t he  p’~’j c: c c-c  ii 1 - c 3U  . . ~

t i t s c i c I l c s S , th15 5. 55 nc - f  ir s! ~’thH in t hat all l : C -~~
, •~ c.’ 1 ,’ , d  f - ._rr t i - c

potes ilLi ! Ic - \ ”  o r— o ,-m ~ an Lim i t -  ~- i~ !I >- th in v~- i n t ~ . The O L - I i S . : I s

th en ,: ‘ Ic- in s t a t e d; C-s r l imi ted i c : , r l IS  SUITS’ .1 th-: use of l i1t i n~j —

s u r f a c e  i’s o : : F c - i r n s  for t I .t c?cS III) of -~-; irngs , Ct I cd for c o r p s - h  in9

the OVOId 5 S’.’ iI’ Ig COt’ n i c - ts -

b:c~ otioi i  t - ’ . -s c- in c l i f f -  r. nt coni 1 , , t e t - . sr-c rc al so t o ted .
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C o t  ~.‘ii i s; iL t -  CC - ; It  cd - i  h i ’ : I  - ‘n - ‘Los ’  Lv c c ’ s  i ~)I o c -’~~m In i l - c ’

~- .r tL-t  c i ~b O h - ’ ’ ’ i S t i r :  In -.s :~I r t - - i ,  c , ; I ,fl, t c n L H t :  uf t he

: 1’ Hr v 5 5 . ’ c o s d i 5 j r s , l I , .  l !ds ~ \‘ .~~ J is

l ty D’J ’.’i’ R. -~~..
. 

~~~~~~~ f s t ! - t s - c1sc i t 1’ : . ,:,, . I 0 5 0  f~ 
- , ~

~ H~~1 ’ - ~ -

I . -t auC -c  din d5 - ’
~~,l l s  c 1 in-sd - r -eit :- ic t t 

~‘ ‘ ~‘ r p ’  “- ‘-cr c  n~~-t i - - n ,

it CC I ’ i c ’ hr dr.- b U I t l i H c - d ‘. I n i  f011 c c d o I i i i t k s  con be dcr ive d

from th,- - - s c - t h - : i ~ dv~~uy- L. - 1 : 0  p I S i S ; u : ’ I s  which s! ,:,- - - s J  ; ; - : - c - d

r c:’j 1 fs  s-- i l l  Li ’ :~~r b c - e r  i t t1 , ,0~ t 0I ,, . t h i ’  d’~~e n i n i n e  t c -  s-.-! :ct de ta i l

C Cc-sd ci s u r f a c e  ca- i  be des cr L_ J , c - 1 t i n  t he hope that L~~ th

C- S’ - : : J  f i s — 1 ’ p e d  t yp e c c - ; ’  rob s u n f u c s  con be modeled for

cr~y sp es J . T isi :  co- o l d a! , in ’c te l y ~,~lv i -  o c ’ rs c a t c  f ree  s t r c c ; -c

cS _ Ac c f t r i s t  icr- fcc  any coo! I QI  surf ace -

The nc n s t ro -d 1 I’ lc - ’, p t c b t c- r c. ’cs runt di:’’j; r,e ii.

Tine L,i h - r  C \ l t C U t I O O  f l i :~~ - nun Ic . J I I;  C( C’ ti ne t h e a : s  n icol

prcnced - ~- : c s  c’- tie w ii I-d - c t ’  ,:‘ ‘oiccj ! c - -ss i der utions .
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T it le :  \‘1-- j, ~iin I~~’ 1., ‘‘C-or ’ - 1 - i . ’ I - 15 ” ‘ -:t Lval ,-nt iorn nf Sis- ; Thin \‘/ rng L i I t in- j

Sw -:~ cc  C - r ’~~- - ; hc , - d s ( ’ o ’ u  I i~ [ i ~~ L’1-ol I (to I - c  pul l I I t cH) .

- ‘ - c , 1 r -
‘ - : ?  ci. s-c ; iS: a c c - h r s ~ - r .~ 1~ ; d y e  cval uc~i 1 .~~~

‘ of ss> ,  I I1  n w i ng

((iiIin,’ :-” I i  5c - : ; :- ’ I 
~~~ ! Inic t t “, i r ~~ CC~’ - J ! ? l i t i C : ) h i f t i nj  S u ,f : ’ ,.c’ ~c - ,s 1t~ ton ’

5 i~~- it ’ ks - i - -. i, sub~ oc - Ic  IL-v . Sint y t ’,.o pScn II:’:ill c -:s ’ -:. , c1 5 ! -c i n

Cc ,  :1 r c c  - ‘ I ,‘ ; t ’  I :5 1 
- in-c t I c  c c  

- nod - lO t I. I t t

s’ c’ r f t n ~— 1 2 , s ’ - .- .’ of t h e  7j :iter Cl O ld  l ine Incc-n O b-a -~5 degnces ,

Clt ct I  i - tn - - ’ (h it In, itn 0.0 to I CI .

The ne e rens  com~ ’ ’ :c d and a ! i 1 - i dcsc i i p - h ic -  of t h e ir c -~

ot t r i ! - ’:I - - is giv c ~ 
[ t e l -  - -

~~~

• l i - . s - - ’ i c s ; n — l  c- i l’n a ;n”it ç - \CA Lonqht ’y)

E~:1 r,H - : ~~ ; w i t h  t h i u r~o .~ c’o ~5; ,vs that t h~ overa l l acro dynr;”iic

co c s f u i c i c ; i b s  - A c ’ c. c u r n e e r 9 c t  te ut T r u s t  tw -c -  uni ~o5sIh ly three fi~;ciir ’ : -

Th
~
:. r i o  l~~,,it cc - n ( IISO I t  aI w i t h  t he case of a w rig v i l l s  d ihedra l ansI

the i c t i  of a s- - i r s  in tIuc flR 51:11CC of another w ing or toi l  -

2. i. -~ - ‘ 1’ -!1h~. n F’ i t i  am (Ir ’, !) i; n - U  Docnq les~

In c dii ion to t i e  th in wir r q p1 ch Ic -rn co risidi- red, t hIs ~~I c-gram can

hand I ( W I  ~iC’ wit In a jet sik ’c- t of v or y l rig si r eng t In issul nj aI orng the’

t r o l  I i  sq c- t ie .
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3 . T r r t i n i , r’. I’ - ‘ tc - tn  (r’ -101th A r- : , dc cii IL~ 
I n - c - ! l )

O i l  a cc Ou nnt icr win’j Sm ~ I : :  s as c i t 1 5  a ’  t i ne s ’ n’ce

of a f t- u le t ” -

4 . i~i i;II~ r !‘
~ 

- - s : - r , :  (H ~~s i ” i  e d’ n” I’ s c - t r - : i r  / ss n n i c t e s ~

This t i e r s , ’ ’ — cic s - i r i t  ic- rn Ic - al cl >-tsc ~~~~~~~~ I f ’ , it Ol lc-u’ : c f t

f~- ’~ s c - k r - c c: - ,? Fr c ’ ui?e 1 1 1 1 1  t s r  c f m c c ~ s . Th icknr r- c 0111-5:15 cole a n—

counte d for in a 1ir earl zcd sc- rise , in thmt at i nf l i~ h e  dr- [ Ith , tin i c k ntc- s s

does not off — ’ cb l If t  but serves ~,:u i y to d& ’te r i n inc t i- ic f s i c scu re d i s t r i i ; u—

ion c- ic r t in e Ic- il . Th is is necded for ccv i t o t  io n n - M1- . - rec -nt I y ,  t i c ’

r r t s d r c  - -  IICS be en expanded to anal yze a hydrofoi l  v ’ i th po d.

5. [c- rc- r - 5 - c -  (~‘ !ASA I c- uric”,’)

6. Wo m: - c ’ r Pi’ c- 5~ics m

T in e f i rst f i ve  p~ e t s r c r n c w c nc  used because t h ey  gave good res ul ts in

NSRDC Rcj ~~’ - t  40 2H The I.. inro ,::m aL-~~--e was ad ded to the

previous list -

Fxc~’pt for th e I :nJIc- r ~ ie -,: t c t arid to a ters er  degree the Lopcz— Shen

pronru: tn , t I i ’ -  ~-roqr ams sho-.-.-ed genera l l y ~j cc - - t  oqr cenn ncnt in the plan—

form cesn .-s w ith  low swe e ps . The lul i’nius i o u - a  I ts  ore in closer a~;ro’: —

med w ith cxpt ’r irnento l re su l ts  for w i Iny-~ sr i t in  quarter — chord sweep up

to about 40 degrees , while the revc r~e is true at larger sweeps . The

I • —

,

4

~ 
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l I f t  r - , J - c i ~ h- u-suj h- pr c ’ d ic i r - J ‘~ s’- i t } ; j n n  f c - i i r  c - t n t . T h l s

I i - t  s i - - t - i I y c’ - h c : ’ t - :I tluan t f t ’e W Y r c- nic e dc ’e I -:-

ni c -  5 .  I:,. ’s , c- kin icc in ‘ ‘ - ) : i O i ds :r , or U)

011510 1 5 5 ’  ton i .

( s c - -  ‘ - ‘ in l ,~~~~(~~~ fl r’y~- c I s t t s c - r , t c -I i n 5 u t~ s cii cQ ’ ; p-Jt ur p ro—

dict io n is c ,:It~~’ - ’ ir i- - c i h~ tsc c- f in ; c oco s no :- IJ: 4 1 in th e

1Cp - s t .  I- ’ : r e  IL p C G 5  S ! i C U ! c -  L-5- c L I ,, idencd i n  o s c J : r  to  I c - ,:-

c h a r? ’, er - c - nm the cc - n r c - c  ,‘ of t i -u r:o~ raril f c- : t I c - S C  c ocos  -

(The f lapc c;ere on t r ionr ut n r  w in gs . )

Cons id-, r i: :j  bet h acc uracy and cc - n. putc r t i me n c r ; u i r c r t s c n t s  , the

author r- c- _ ‘ ‘ “- te n i c’s thc Tu ? i n ius PnoJ run . l’I~ cd rc r  d ic e  r~~-. ’ c - s

that s buo - ,’, ’ :-i ~‘~a ’J n c - c c - - I f s  r o t e  cj~ a ~o c c t i d c hc - Icc pri i .ci~ .;il y thit’

to  SO r; 10. ,IiCi Ic-i cc- I c c : r ; pu tc n  t S t :e .

Comments: Thc n ,~~s ; ! I s  of Sc pc~~.-r d. o s n ’ t t r c i b e  d tc - t  it is 1-c-~~ibIe for p r e s t o !

lift irij ss l f oc e  f i t -  o ry 
~~~~~ 

to c r: ; ’ ; -o tc ’  duc - - b , -, Jin.J y nct rn i ic  (or

ac- rcc i1 :-c:  t ic~ c li c t e r - t u r is l ic: .  of c e r t u in  cont ro l u i : n f ’ ,s c ,  - -

It k obvious b l o t  - - c~’mp ~ n iron ~‘ i - t i  prcst ~ b I >- sonic add it ioflUl

work on t lic theory is n~C ’  dud L r f c - i  s’ g nc-rat c s c  is t is ,:d-u of them

for ship in’ ic~c- d pl c - b i n  t ic  —

14
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—

Co:sm .: - ,ts : The C n , e ’ i , 
~O. ’ I l -nt \ , S i ’S tk-~~ ti>’ ~0ch p l c - I S O ’ :  ill ti le

W OS I l t ,  i l  dt ~~ i t i , d ; i j t : 1  f in i ,’ f i t t t ’ r - t : ecc -~u c ha t a c t e r i s t i c s  c-i t he

i- ’ t i i : 1 n i -nr s’:i;ig ccnhi~ -c rc! ion . T h i s  is what is ~~cc-nnp Ii ’ .i:t -J

by r~’~~r- 0 -t  ~-S 3 for the p.r ~CiIt pr c- : r c lue  fo r sp~ dc t )’ 1- ’ ’. ’

rut hi: cc-.

8-n c r - c - : c - the d c - l i n u s c- I i-~t ,+ p c - : t i c t s i ’l j r ; t - :~u:i::I wi re n c - I  
~
j i” - -- -

it con no-~ hr de~err ns i: ’i- H what full c c p . :L t l t t  i c -s  con be iL-r ived

from the nnctino ds discussed . The programs which showed g: cs-i

resu lts w ii I be lurther invest i gate ! to dct e r rni in e t o - vtlnot detai l

0 contro l S O T lace can be described , w ith the i c - - j S t ’  that  L0th

spade cc - n f ?c Fped t ype control s ur fcs :’ : r con be nn tc - Je l ed  Ion

any spt ’c- d . This could u l t ima t c T >-’ give a c c u r a f c -  f r e e  s t r e a m

cha racte r is t ic s for any cont rol surfoc .

The unsi r- 4 id y II ow 1cr 5 c’ I-i was  nc-f discussed

The c-:.s upti tc r ‘t :ecut icri ii 110 - S rioted indicate the t lneorc - t ical

proccdures con h1- wi t  hin ~-conc , iCC? consi derot loris .
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~~

i n i l l - ulin , , 1 _ ,  ‘ T L  ‘ n r r i c - : -. t r -~- -,. ij c t i- : c , sf Y -~iuj —‘ I i  c ’~~’ ’’ ~~ S

C k , c ; t b  :~~~~~~~
-. ot — c -  ~~ - : , h

~ 
: t ~~,

” e , i i I  t,t :, : ; i c ’ r ’ - r l - c-k-.-~ l l , hr ’i iaI

I I . ‘ . 1’  - -i~~ ’, .  - , -‘ ,

c , / 5 1’ IFS S” ’J ic n - - 1’ ’’ :‘ I c - ,~ I c- c c - n ’ : c i  t i _ c  c I c -  t ’1 t c’r~ -c c l i - ’ : c n n - t i c s  J

_,,_ _ i n _ __ - f ’ _ ’ ’ ! - : ’ c r - - ’ ? : i n : t ic n cd ’ s l - - -~~~~

- -  ‘ , ‘ i . ‘ - I  —‘ I I —  I — — I I

‘ - ‘ 5 ’S
~~ 

s - . , -c - c -  ;~~~: - “ i -i .- 
, ‘ car i - :  c : ’  c - I c . : ’ , ’  s’ ~, -: , prc -- -’~c.-,:- i .e

s ’ r r f c i c ~’ c - : i s d i - .~~ c i - c -  sni t ~nd: . Tine \ .‘ t i . ~~ ec- - m t ry con sIc - lu - h  fu ll or

r u c,:, f i c , 15 an c-t i he I,’ - ec - St ’ ,- and t rn i I i n~, oc ’~~- c .  A l l

l i i i c r f cn enc -c- lIs’ -r- rs - I ‘
~~ of l  t i u ~ fooc 

~- :  , w ing, C: .J f lop g’t .- :cuet

are inctuic ’e .

T ine p;-e~ C ’~: i1 iJc -~ c-n! ) ~i n b e t c t i o l  f L -w ( i .e .  n-~ L unden ;’ !C’,’ c

- 
or s~ pr:o ’ ed f t~ .’~). 

-

T Ine cn: ’a I ysis is s-~ :h d o t  it c c c  be € uici :J. d to ac -c - ju t  fj; ~‘ i f l - ” i~~c- k—

i c - - s - ,  hoi iz - t : . el t s ; . -d venf i cal  ta i ls , ii ., - ‘ t ~ ~, and 
~

- ‘ , ‘ l -  c - - . It c o t n i t l

ciso cm liv bu ~ ‘ -,hc ’ r - : L j  to  c c c - c - r i’d ic-s t - r - ! i ’ , : n m c t n t c  W S L j  CInd

lL IS ( ’ l O , t” lCosi ~;’ c- -5 ~l-,’e to  the roll -

Cos :i ’ : :er- n s : A p~-t - i i ct - - t i >- t i le  program can rnccc pt a bCJ )- w ith contro l s urfa ce s s -: i t in

ontisynv rnetr ic  loading. Det~ i Is of the program one nc-f known.

T in . ’ prCg rc i - i-r gs :vc ~.nrrJ r et c i  i t s when com pared to ol i O n s  b y W oi.g

.‘~ ‘ / 2
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S ., M n d , i , L~.D., “t-p~c t i c -I ’ ’ c -  of F~~, t e - F L - n n c n ! T H- , . y

in . ‘ ,‘ s - ~- - 
~, o ; i h  ‘ c i ’ - , . “ J.  / r i l’Cf  5 , Vt - I. 8 , n c - .  ~ ionic ‘~d•  - t

Sw I - - e S  , i - . ’ t i : ” - in c - c - -- ‘ o t : c - C t : l : ’ ’ i : - -~ c.~~~ ’ - , ‘ 1 1 : .  ol:J scat ,. l i f t  n,ni

- - -  - t c c  1 : .  ‘i In: ~~‘ - .5- a t c i , uc ‘ F i n d t  t . Li soc 1

- e n s  n-n fe ’ t i c -  / , ,cc- ,!,,r, c - C  / - t : S J ) 1$ eni [ I )  :nrn of

\‘ .‘ i’ ’ ’ -~ - - ‘t y -  ~
‘ 1 Cc’n 5- i:: - i ” u  ~s -l .-s - c ’  “ -in - 

~~u;~~: - r c c- , i c -  “~

(in O s : c !  l)~ , . -~~Cc C , ~ a .) , , - I1 !1  c - - - p c ’ r i r : - r  c - i c - i resu lt .;. T u e  C O t ’ I —

t I s e !s fc i  cy c. - ’ k’s c- i r - [c- i- - -  c-c su pc - ~~~ - t iC s’iar —

pic ’~uos (:1 [ -5- I h :,~;l’:,cn ic on :‘::t ’in’ i’I c  r . -~ n c : .  Tho nc - cu l l s ~ino.~

( 0 - ’ ( t L~~N’ C :  e -

T !tc t-c -~hc-:, s t - - ic t i s c -~t f Nc -  c o tc r ,d c ~’ is rn c  I - . . :  of ti ns. ( u I  -: 5 - c - S

on o c r  on cc- k~’-~ 3-.k~ nt -c- is - i ó5 co:- y . ~~: c. f l”

cisa pc- i -c t  c i !  d~ .t ot the j ’ ’ .~ ,t t ime t i se  o t t -  of t i re  F r : i t t — ~~I em. nl

C 1 1
j r 1 -JJ1 I S  ~~~~

‘ a p-:.h~ t l :s - ! ; - .- ! I u :  tn ’h L t  i n S t l Od  i i r \ ’ C I l \ ’ t S  ; n s i g - l

in th0 t hen: ’,’ !i:rni ’ ,iI icn in c-rd c - t o  o o c c : : -~~ ’t y app l y th0 ius ’ r : i c r incs l

i c -  t iic~d icr c.c: Ir l  ,‘ - . Colui ’ ( rI. -. rc .

C o s  er-nt:  1 ~~ ln r-r c , : n : ’ , i h - ,~~ tl~ ; l ~ ’ ’, : iCInt r~ c ’ - 1  rc-oc - l ) 0: c 1-p os ed to

t i c ~ Cc- T I i c ~.~u fl c: , ’ I r s -
~
rac l t to  n un - r n - r i c o !  ? t i t i f l lj  : t J C I C C  t s s c i . - ri r-c .

T ire cc :  1 - ,d c -c-s with c-~: r -n ’ : i r ’ t cn i inI f l ’- t r i t ~ indica te  t i s n i t  t in t ’  h u n t s ,

C ? I - l , : r S  01 er nc h con ret- i - -? comp Icc-~ v.- i n ’ &-bod y— t c i i  comhini-j t iorns

j ~s I t S  
~t i t  1 o- - ircit y . —
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T itle: LaId - ,  1~_ ~~ , Jr ., Lnurs n:  ~~j , 
s,,’ J • 1  ‘ T i c-- t 1 l - - c t s  of V cs n kt i~- : r -

in r ’ ;’ niJ:. [ ‘ t I ’ . ,  - c - I n  ~~~~ 106 
cl,lJ ~~ ,g x ioó 

~~~~

A cic - ’ . , c- ’~dc CS - - u- : : ’  kt ic: c I a  N-jm!,-,i o f NAC.- ’~ 6 — Sides -‘- .in I- il

S c ~ It ,~. ,
H 

~~ ~~~~~~~ - I i ’p o s t  9&L

Sac - n - c - ’ - - ~~~: Al l  ‘“ ‘,‘ . s n - ’ i c -  Inc a two d~.:~ - ,::,:-u: ,z: ! \ ‘ I i t : d  t u n scs -- !

H ’ ’  - 5 i - ~~’~ ; ’ ; r  c - -, “‘.r~ i c ’  - to i~~- S d : ’ -, ’ t hu  ~r.rod~- : ’, :.- c - r c  cl~~~:

t o - c i ’ t k : -  c - Ia ‘ n ’ - !_c - r  o f s > ’ csc ” o~ic Jly von _ -i NACA 6— St ’ i 115 c i n~,~~ ~~~~

o irfc- l5 ct Pc- ,- - ’ c ’ l - -1c ne~~i-- n s c - i  t~~o 10 6 _ 25,( >t I0~ , oni ‘.- . nc  c c - c - n ’ -

bin- , - J v,- i t i .  t h e  n ’ su i t s  fron u:n’- ’ source for Reynolds nun’ni urs be”-

t~
,-: -c - :~ 3 ,0 x io6 

~~~~~~~ 9.0 ;~ i~~~~. The t h i c - k r ’::’:s of t i c’ a i r f o i ls  wOS

varie d 1:~ t t’;~ 
, ?: end 18 f Ir  c c- ni o f chord .

The ir~ s - I ir;r ptr- r lont ct c - s r iclusicns ‘ - ,- c rc thot m i 5 imurn drag, n e t  ~ - ss h f ’

Cui ’s’( o~ e , cn:1 t isc  on9 le o f zero l if t  s~’oc- ,ed very l i t t l e  C t s - a!n- j c w i t ? ,

inc r- - 
- ~~

-, -u f- , )-no iJ’ no, ,k: r - I lowevc r , ns~ xinn- ium l i f t  arid the v -ada —

t ic- r , c F dnag e Sin Ift did :1 . - w var iation v Sc n -nc - - l , J s nurs ’ik -” r.  
-

T h tc ’ s ’ : ,’ :it t ic- I~~,n l c : ’- cc - f  ~ ‘ , :c-’ !Jc nc- risc -n’s $1 - ,  v o i c o s of th~ l ift curs e

slc- p~- f~Ir : ncc ui t u ~ tic - c - u , c’ c r t  s-cr y close to th ut predict ed 1 ->- thin

0 m b  1 ! ! heery, c’ c- - ’ ui icr thi c-k : r ’ c t u O c - ’~

Mc--- i n - t om l i ft  i - ‘ . - - i t s  ~hc-~~ ed di  f f ’ r r  nt va r ict  kss wi th Rc ’>-ncl d~ nurnk’r

for d i;I: n ( ~rt th i-si- , ts r  Sce~ -
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I’C - 2

1 . - i :  , t  c - i l t s  is - S , -c-~ d t 1 1- i’ 5’ : ,c - t c l ,  n , ’ : ’ hoS: ,  I - r i - -s n J .u ) . LI
’

ann ! ‘ - .0 t- : ‘~ t l~ d s c - ’ i dt ’~~~- , d - ‘ ,- t hn j a m s , : ‘ , ;  he’, n- ’ i  ‘ r u -  1 , 5 ,

I l. . ‘ , ‘: : : r r ~ 11f (~,c - ’ i f l~~i - ~;’1 t  . r R1”, ! s ( . I - ’ S n : - ~:cr r h  - 9 x

In I - -  r j i c O l  t - . -  5- ’ i s  the P - ;‘ n -  his n t - i c r :  h’ ,- r -~ -i i~c~I h~ - .-e a 
- 

- - c- . ic-- hi --

f I~ c - I s  s~ :, -f l  t I - -

1’S - ~- ,:‘ l - ’ - n s  I,- , ! I s i t  e:~~’ cc - - ‘ Sc - n i  c-~~u i r f - ; j i  : . , c - ,’, u i s L I I c -  Lb CS ,: c - c ’-

t - ’ 1 i 5
~

i C S  cc - s r l, c -  mc: ‘c n c - d y if f l - cu  dc - t~ ~Lrr ii :,: c - s~ c - f  cS fc ls c - n i  - i

c - i l -  Cc- : : i 0 S~~c- c t t sc - c - c.- Pc - - ’ , ns I , f l , ,
! c .  Th~

ci: . ftc of arc -p d r . : s - - : i  o i ’ f ” - i i  ic - s r r e > : i - s ’- c -’ an lht fec ci ~ui\~ iHi~~’d : t ’ ,

thei c- -h cc ’ , r . ;e~~t I - -  - - te r r d  - Ii . an r I cu corre c - ru -2 t e t I c- c p c ,  

t ing 1’ ‘ , - n ”r! ds nun. t r of t ic -  i i c c - t i c - u u  -

Cornr1uot :n: Si r “ - -  tSr ’  s i c 1 :~~ o f  t h c  l i f t  c r c - - c- : ( S c - c - S not v -,~r’ , , the c - ’ i  m l i f t

c f ,~i r , -’ - - c~it ! k y: - - ‘ - I s  s.c - u i , r ~ c not a f fec t  p c-s-r : t r o l  t- ’, r ” Icc-c-

d c - s a c - .

Sir e d .s ’ ~~ :c- c- - , r i  c - c c ’ s  as  ~~~~~~~~~~ r a m S: is i i ; : r c c , c - c - J, for t o ’ - e n

RC> ’ i - - ! c i s  I t ’ l l - c - i S  a-; h- c - J i c a t c t !  c - ! r ~~ve , It is p e tu i I ’ he  t hat  r t i re  cu rnc ’nit

u ’ n’- ~~f fl:T ‘ P  c-3 3 to c \ t I~ 1:- - l - ’ i c -  to r. :- i i i .! ’ , ’ :  Re> ’s:oi J~ r c - - i k : r c,

h~ r~ in i i  c - n inn t i e  c : - t  icr  , t t ’ -c -  of d r rs r~ -

Sinc, r- t he l I f t  iS ind.- pe n : d- ’ n : f  of ift ,’ is rh1s tir ::1l cc ic - c - shi r cnnt:oI

suu Lsc rs , and c - i t l~ S-b I-In’: c - ? J5 ru -- c - i ’ -  r t iw d rec ~ dc--c ’ s n-,:t vary a~-~ -

• i ’
~~c-~~ 

-
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t i c - I 
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‘ (- - l i -  c r ;  ,, in , ’ j n - -,,~I - , t 5 — ,’ is ’..,’., j’ - d ,~ u s  s~c- ’c- l l), 1

- “- - ‘ i i i -  -H :d c- r ‘ d - p ~~- l ! ~- :~ is :,- ’ >- o F t  - ,, c 1r c n c e

( s ’ l : ’c !: it, ~ ‘ . 1 lie : i ’ .e - : u i : n , ’J I’ ,- l i f t i r ’— . - ii; ’ — ‘ n.j

l ib  - 
:, rf c - -. r ’ p - ~~:~ :rio.
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T h i n - i c - , i t ., ‘‘i’l,s S ~ - ,  ‘cf S id r ’i [ , ru , I - 1  ~~~~~ I)Tt. 5’ li’ ,iis i i t i i ,_ c - i 3i1 .

S n r : - i  - : lii ’ c -cd ii I t 5  ice I - sk - 

~
‘ - n it Ic- ik:’ c-c-s i l . - d c-, - , —

of E,j r S S i :,n I,. c- i i1 - ‘ )  ~~~~ . I L- . Hr~ . _  .1 c - - I l  ; s _  I I , - _

in ~n n I n - I t :  U t  - - I X , - - S t t  - - - i  ‘ - ‘i i c - c - s- - c - n: i it s  I lie iii —

[ ic - - c -c , 1 115 ’ 1 1 : 1 , ’ - ‘c~ n d o , (i ’~~~~
’ .~t ,liio and i : r ’ ~ s —  i-J . - - - - 1 ,

O :r n - .I - : r Ic-’ ‘‘~~ -en r: ~c - c -n r ,u t s ,  i l-c m ‘ 1 1 - u r  e l s O  - ‘ iS - c - r i sc - -  5 ~~r- -~~ ’

v , - d. -‘ c - i  M i-I ~c- Is ( c - c -  d— c - - i,; 
~ - ~, r ci ci - ~:- c - s i  r c c hh. 

-

Cc-n: : er ;t~ t Th is 1 -c r is of l i r S n d  c - - c - c  i , i  l I t . :  I - ‘ , S i O n  of n i - c  c ’ :  1 d

- :-; I- ic - -c--ever , i t  i- c - - - :1 ’ : -  .1 s c - n c -  
~‘ “l c . i  nc;ik~l e t c - i t s

C L . st’ ( r - u I S J  r ’ : - , t f - : r - . Ic l rn ~, to t ine i’ c - r n  p i c - e c  c- a r c - .  Re~u! t ;

for s-~~r - -,t s -  i lc
~icc fcc- ~~ t h - it  Reynolds nern!, -c - - i ~ cir d ihi .’Lncm t -

ICf l ’) tn n  n - ! - u  o r e  qhc- - n , The- c cc-uk he c c - i r c - d c - t s d  -~ ith Jc- c - - c - I’~

dotn .

T i e  c f f - c - ’ t  t h a t  r c - r :1 h’r ~ ! ,  c- - c -  c-c- !- c - i  t he fo:~~- - cc’ - ’ I f i c - i e : n t  fo r s c : d o u~

os p !—:t n c - t : c - s  ~ i V C 1 .  T i - i s  i n d ica l ic - - : :  S. t hc - t  ii~ - f o n c i -  C O t ’ f f i c i c - - - n t

var~ -s r r - - , t I - 1- c c - i  Ic’- - . - c u p s - c t  nc - t in  nun - i I nc-i t t ’  -c - t i c - i  ii shape I t s - a

Iar~ e 5 1 1  i i  : - , e  on t I -  [ n rc - c  coef f ic i” it .

Also , t h u  n ’ ~ - ‘ n i  ndic~- t c - s a inajc difler -inc e inn t rarc -sv e rsr f o rce

cc c tdc i ent  ( l i f t  c o c f i i c k ’r - n t )  w ith r e s p - : t  to R.n>-ino lds nnn is l r l . t .i’

-

-
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T u b :  Kc- r-v ,i: is - t i n  F , ;  ~.-‘, -t sc t ” l P;-W 1- ; Lewis S.  Ic c-c -t i ;

‘‘An Lc - s ’ ’ : i - i c - i t o h  h tu : i ;- c- I a Sen c of 
~i • -P~ - ’1 I’I s J h  ( 5

1
;

Journ-c- ’ m l  Shi~c- P c - - - c - i ’ - 1 1 Dec. l ; 7 ’ 2 .

S~~~ i: c - - - : n y- ihis p. s. ~ J- . - ,c i i 1 es a sH ieS c : f  s- . irid I o s , , . l  ~- sfs c- Hi t v - c - I - c

( i c - f ; - -’ ~! l ;-t ICI i ’ t S  to  dc ’ - ’ : r , n i r uc thr’ 51 , d:cic; , r : ,l ‘ - n .‘s - c - c - r -’ rt

or.:I f 15 : , - - : : s t  c ’ c - i i ic 1 - n i s  — V 5 : ~c- 5~~on~ c :rc r e : t . i n s  t f - ~-

amo s - i t  1’ c-~’t c i rca ~ ui ~ I 
1 rc-~ ’ b~~icr ~ -c- - : - - A co rnspani :-oc- is

rm dc’ - .- i t h c i i  i t  ~- .c- - r- IL- rud ic’ns , fixed skegs ‘,- .- t h  f lc~ : cc - n j

mnovecihi c, s c - c -- c - u ,  -b-, I t i  - a ( i c - t i c -  -

The p op :“ c c - i - c  h o c - ’  :- t ha t :

(I) Pc - c- at g~~ , f l ~~:- c — p f y~ c - i  wal l  n suc-c - nt in g have a

si~
n, ihcont e f f t c t  on i-x1- -:: ir ’C I - I c - J  rudder hydrod ynnom ic

- c horoc? e n is t ic s -

(2) Large i i c ’ ’c : - .‘ It h fi:~cJ ~L: c--~c- u, con y ield mo~ imtnrn l ift

cc-cf f i  c - i  - r i t s  n _ c’ : y as iar~j r: as t hose of s1:cdc rudders

b0t at the nax pr c - cu of increc.ru ,cd drag and torque.

(3) l b - c- s i z e  of t u e  f lc np hc’ t v.’e n ’ n i 20 percenct cc-c d 50

pence c t  of t 1ne to ta l  rudd en c rc - c -  has l i t t l e  s- f f c c t

on rnc-,d rr-om l i f t  -

(4) Mc’nx i s , rs ’ r n f lap i i n r f ; c- moments ore much le ts ti- ian the

m;s mn.jm ru:1~5’r mon rn’-n t ac t  Sig on the s~ - c - ic- rudder.
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k :  ) 5c -~~’c ’ i 5 7 r i t c - - r i ’ s ~ Si~~ Ic -c -’ i t s  c-~i tn I si t S - i  to  t 1~~ - - r n  ru ! J c - n  on u d

s~enn iiu ;c- v.- i t in  u , l ..- I - i I iz- t  i dc - ; i~j ’n pncc - c ’d ’ r ’c - ;  . t J c f c ~ : I - e s i r 1 e !y It  is

in - cc :c -  S d  to :: - c - ’ c a c h c ’ c-’ cc ,, :,- i r - r i ’ c - c - :n  I , k. - - ‘, iii,’ ic- Ic ;  in t h is

nc - - i~~~t n - :  t h n c p -  at ni. ’ u : c  ‘ : c - c - ( ’- J J : e s  St r i C t l i l t  I ’ . - IC!’,

n c - j , i h iS  in a d i f h _ r ’ - s n t  l cuc - _ , , cc- i  the f c - t  t o chond rn i l i c ~ lou

Iii,- rc-- ici ’ :s ~c - t - -I I -  P S .  r -~ -.c- t arc  1’ .jJ1 i- i ~;i - r  t i t c - ’ i i  t I .  c c -  s c - c d

in i~ p: . t ~ i I 5  l~ : t i rc - ‘ c - I c -  r l i-i - I s -r
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S — I,; ‘ b. i i - - c . ’ : c f  ~t :  - ‘-r. l - i.i :- C- .
~~

c , Hr _ il Flo s’

c - t n  I I’; re I !~~ ,‘ ¶ h i 1 c - i r -  - c - ni 5 1: -~: t I s c ’  A- :i c , i - ~ - cc - k Cl -c-

- ‘ c c ’- ’ c- I ,-, Fc c- i ~
‘ c- I L- - - , - -/

~~‘ - c - c - I  ‘— i. t i -t , , I l l  M. -c - - - c - i

( - : , n , ol ~- n -  1: c c - ’ ..; ‘ -  55 - ‘j i ! ) ’ - I :c-~ c i  s- i c - - n - c l  I.n_- pc - rt  N. - - ‘~ 5;

1- ’. J i~~3.

5 - i s , - : it : : i s :  c c-~ . f ; ’:! ~j s ‘ a i. : c’~~ i n ’ 1.. t ‘ -c. t I - - I ~~,“ ‘  ; II’ 5

S
n 

C i t i c - i l  ;‘ ‘. , I i c - -:n , c c - c - s e  lip c- c - c - i  t s ’ ;c - r n _ _ t i c - i  of 0. 5. fe - I s

arc- : c i ’s 1-. .  c f t ~’ c I i - .’c c c - c - c -- c t  rc . i ic-,’S o f I , 2 c t , -I  3 anJ r c t tc - n

c - I c i  a t - _ i- c s ci 0 , I l  arid 22 . 5 r - ’ çjc- i s  liar [aS- 2 s c - pc -  sip

tc -h’ S of t ic -c  1ict nfc rrn - : c - c c - ; n s  cl -ui. Tkrc - c- c- f l f Ic- s r ’ : -  t oY

scr ic -s -.-~- n - rc run:

- Erco s t r c c ’ n ~~~ c-’ 11 e t c -

2 .  Cc? v - S t i r  s in i iu ic - n led 55:1 1 1 5- j -

3. C c- n ” i - i s - c - J hc - h I  f ic - - - ,- ,- ‘c - r i d s i ; 1: u t r c -  c-n c f t  c - I S

far t’ninir:uni c: .:p c c i tf i c,s -c - ci t ~~~

Tine conc l’,is io ns reached fo r lic-’ - -  stream ~c-;p ef fects c - s c-u as

E~cis -j ure tic -’-or ~- t k c - l c r ’ r s u , i i - c - ; c - t i ,  n- is d i sregard

thc ef frc ’c t of c sios i I >’ , the ~ ap ef fects c-- por n l i f t  and droj

sn.Ics cons deroi.I >- less t !’t ,n t h eory v.3 rd ,! p:cc - i ic t - The Ihucoly

t hey refer t o s’, as  t rc - 1-,r;’n Fra u works per Fe! rn- ’c-l in the c - c -c -: b y 1950’ s -
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
- —  

- 
~~- - . -

2. /.s . ; . c - t  n~ ! i c - ,  fl 1 -~t i . ) i S  to c - va  1,0 Leo , j l ( J  on

t l i c ~ 
(
~ c-~

) I f - c -  ‘ .t ~ .

~~~. ‘Hi’- a c - Isu- r ;~ in: ‘ a -  c ’ f ~ c - s , t  wi th c - ’~’:c - L - l - i  
‘ -

— t I - , ~- ‘  ~I I t ~r 1 I , , r d - : 5 ! ( ’  t i . c -  ( ; ; t c - I ’l t i - c -  c I : c - n -c -~c- I : ;

I s ,  - C ” )  ,‘ t c - t ’ s t

4 .  M.r -~~~~, ; r - - 
~~

- : c l f’ ’ ’ I s  r - c c - n s  ‘.,- i t h  c - - c - -a l ? naps

( t 5 5 - 1 , t c - I ”  ,5 : ;- i. ln is ’ ; ~‘- i : 1 ,  r~~;I .(n c - l i~ c1 c ’:’ . i

5 ,c - 5 . , ’ d c - . c -  5 r , ~~ etc - ic - h expcr i t - i l

i n - C to  S p ’ t  t h 1s , t i re  -c - ”~~ c - i - ;  a ter fcc!; ic-c-

bound-ass’ I c -  y e :  I I: ic - 1 ‘s moy cia - i::~~ 
tL, reg ion: of

r i s c - s i c - c - i - , : c - c -,> e l k- is  -

l ine c ouc - U! ic cs  nec I .~~i for P ic -  eep ef f c c - I s w i th  the s i mu—

ta tc -~1 h~ h ( c c - ’ as i c - - h i - c -  

I - As is c - - p - -c- k-i the lift ~‘ ‘f I ic icnt  ur ic - r i - a c! o~

gap Si;:’.: i 5 ; c - I  c - s - a s r n ’ H  to t I re c - f c c - c l  c- -i the ~‘c- boc i I > - qro dient 
-

Ic-n ire S i; ’. - t c - l c -  I - Il Hc - -,- ,- .

2 The 1~
j 5 is  e f f e c t  c-nc cr E , drag and spo n- iwiso

cente r  c - I press ure one s- -ry c ?  - ‘- - ‘  i c -  t i - os ’ e f fec ts  in the

f i ce s f i c i c - t i c ,” n - i c -~i t ‘:1 -

In t I n -  final test S r i -  a ~~r c~~ c- - I  I - . r - .c - s cu ed in the sli pstream

to t ise sj n rr- n !cs ted i i ,? !  iSnw. Th c - fcs l l~~w iri-j  conclusions ore
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_ _ _ _ _ _ _ _

cc- - s  - - S C : 1 :

I - 
. s. c - S c - S .c -SC cs - s It cf ps ’:,.’c - i~ - 1 S n O V C c - ,

o il > -~H- c-n i n : s c - c -~ .’ in quartc r c 1 -~- - d  !y
~c- ’ I n , I l : t - i c - c - -  

•

n ; : - -  Ii’ is- 2c-S. c,- i  c~ . 2  for r i  •,~~,‘ , ‘- ang le .-i 27 .3

iL - c - c - c - -. Ti is u- .i 5 1 1L r 5 1 ’ s f l t i rt I c - - c -  \ ‘ e ! l c - C i t y- ~-r-j, f l - ’  st .

2 .  
‘Ihc rc - ’  is -ci s i T - i , ’ i - I  ‘c- ‘t n ift c -f

C : i ,  t o f  r e sc - c-- r c - f~~ t~~ , at c- rus :c- 2 surf , i :es c - - r i  Cd

c - c - n P ” : :, i  - I c - i S  f- Dr t I ,~. o :?s ’ c t  1 :10 3 S u r f o O s ’ S .

3. 5 c r  ‘‘ : ,C’ - !  sIi ps trc - o ’~c ~- ‘?o c ity o v n ’ n c c - s : r i c - s  t i c

I cc - C i  (I \- r - I c - c - i t >- c- f ice hull.

4. Sb - ‘ n ., t lrn k- St  c~ - sc - c - ,  s i c - s  t hc- c f f c - c t  of

hull [ I i - ’ ’ - ( i c - c - c - t at

5. Tic -! c- I c - l i  ne -c - :! : S i: c rcu tc - d  in t i e s l i ps i re-c - r c -

by 3 — 6 dr’ c~r ,  
~s I c - r 0 .-c ry t n : ?  -

6. C l- -c- r i - - - is-’: C t - .I qrn c rc - - i s r  c - c u r ’ en o f  press ure

lo ,c -~t - c - , c - s - ‘.‘ . r ’ y ’  cc ; r ” ’ c- I” rahl y f-a r d5’
~t - i - ,’~r t cs :pc - c’I na t ios

a:,J v - i  S c-, n- c - Ic - c - i  ut tack . i c - ’ : co uc -e f ar  these si i l ls

is mrc -

Cc-cn s i:’ : c ’ nts : 1 hr ’c - - c-~~pcr inrr  its c - t i e  too I imi t -c - i  in scope to provide a

a tool icr the prc - -d i c t i rc - s c i  OF i c - -.! - c - r  torque - T h is  is part icu lar I >’

true Ion tI:c p I c - in  of the c~~1 s ’ r i r c’ nt w h ich  i rrvc - lvcs full

e f f e c t s  and sl ~~’> ’ t r - c - r s n .
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~T’: ,,:. IT’ ’ ’ ”’ “ -

t i l l - :  \‘ . . . I - n , F.. I., ‘ I r f . :i’~~~r ” nr  U t J ’ c - \ . c - I . ’i c- i c - i l  c - S r  I c -  11 1 2 i - c-’J y i r ’t I  IC

(‘ I. rc - t~t i n t s ! i c s  c - I n  ~~
- i: - -, c- - f C o n t r o l  S c - c - I c - c - e s,” (,lr i i - aec - - i l y c - I

- i , , . ’ ’ - I - - -1,~.~, - ‘a ,- i n n : ’  I L ’ S _ u 5 , - c - c - ’- Nc- u . I

liii: - , ‘ c :  I c-c , 0 s:ni c- ’.- c-I c:.-~ , ,5 ’ - ., s . t c  \- . I . ic! r i - - I i ’ t : r r i n i e  t ine

~~~c - - f  (-‘ f .~ c- ,;e c -- i~ cc - ;~~~i I :a ’c ” c - c c ’ . m c -

~~: -
‘ 

‘:- c c - - s I ,  I t c - .~ I~~:c - I ( c - c -’ ~ i c - ’ c- L a ,-c~

I 1~~.1~ sj t  j

L Gec - i c - , r’ t e t c  (‘ :i:s r - i c I’ . ’ u - ~~:;’ :~~ t-~ - f ( ‘ -c - c - I - i  ~ ‘~~ f -  ‘
~~~

1\s n ~ 
‘1- I ’AP ;  ‘ i ’IP I~~~i; ’i ’i ’  1’ l . , I - ( l } C i

l i _ \ ’ i I O  J i , ’c- ’l l ( )  (_ l k , i i i )  (, ‘ i O ’c- I) (~ j~ (,, ~-5 c -

s
G t r

(FT.) (1”T. ) (1-5’.)  (SQ. j e”

.20  1 . 3 E l ~ .4 ( 1 2 .~ c - 1?

1 .3 1  1. 3 ( 1  . G ? 1 c -  2 . 3 2 3  1 .9 3 - 1

1 .90 1 .3 t ’1 1. 3~~8 ~~~~~ 3 .9 3 - 1

I 1.58 .20 . -~-h2t .293 1. - I t - ?  1. 2 2 %

1.58 .31 . C I r O .417  1 . 3 - 1 4  1 . 22 4

52 • Pd . Is” . 8:;~ . tc -2 7 1. 2 2 -1

2 .2 0  .6 t) c- . 232  1 .1~~P .967

I 2 . 3 1  . 69 5  . 3211 1. 0~ 2 - 967

L± .  . - 
- 

~~ ~~~~~~~~~~~~~~~~~~~~~~~~ .1~~~~

The S i b - - r i N - ’ hull tested ~- ‘ s  t i r e  SS Ns < -27 . Two S C ;  i c s  of te s ts

were run w ith  t ’ e conhol 5 - , ; 1 s c - c s  d e c a l  L - ~ I 5. Lc-~ 5 , t Ire f rc ts~~ tr~~ j in

f ist  and t~- c - t t .  ic-i th is contr o l  uc - - i f c - -c. a t  -,- - l ow s  Ic - - co t i,’ ;s  cc-s t i n e  huH

( 
/
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Ti
~~

.. ( - s c -  p iok c - I .,J - c -~ J 5,Lc-t ,’ ,’/ ,~c r,’ c c - c h i c  N - s c - I s , i;c- r: , :( -;,~ C - - h i d e: I s ,

cri J s ’ - ’ i’- :T , - c r c - I  ci : - t ; - c - l , - , 5c- c ,rS’ n of ~ - “, - ~r - ’~ c- O U S O S c - ; I L  of ’j taH: .

Th~ lull. . - I . ’,
~ 

r er.J c-- c- -s - ‘,-~c - c - :  i c - c -.r c - I ; -, .1 Nc t i - c - - fr c - : ’ - c i r ’( orn t c - ’ c t s .

I . LIFt c unvtc sI c - - 1. T r : c - , s - c - : s ’. w i th  ic - c - :  ‘ c -  cs 1 rc t  : 1 0 .

2. Ch - : , ’ ,,ci su c - . r c - ’  I c - c -  of - oJ’- :- ure (CP,)  c c - ’ :. fc-s ” ,, - i J  - - i~ir in—

cr c - c c-s c- -.c- :~~
_ : t

b. ~~~ I -.‘;c- l “ s i b  c - .c - c - i t C ,, i s ’ o~icc i. cc:  :Ie ac -i ‘ c - s ~ ’,co

os~-~ :1 ra t io  Inc r ecase s -

4 . M - T i c - u n  iS co s ’- I f i c i c - c - !  increases v:lii i~~. rc -~ is -~ s c - c  lc - r [ c - s

ra tio c~ Ce pI for ot l: c-c t ra t io  I s j s T c - c- & - s wi ’s  c-~ iSk c c e f f l c -  I :4

C ! S c - t r t  Ic- 11 y cons ta n t .

5. CP~ ns - a ~ c: a~t s I l , !s! i y s- li: i n cr sc - , sT ’  -_ Ic - pe r i c - t ic- .

6. Spanw se cc- n~cr of p:cs~ure t51c- s’ c - t5 c-ufl: -cn r ,~ -,.- T th  1 r c c i - c- - c - s1 r~,~

loper ;ut io .

7. For aspec t iotic - = I su rfaces , lift Curve s ic - I ,~ incr -c - u -c - 5  v.- i t I i

* i n cn ccs i r c . ~ t ,~~ cs rOPO -

Some cornp iris:-:’rs s~- n ’re ma de L r~ tw e e n  a N-’-.CA 0320 c ; . .  N\CA

0015 cni ~ i c- t i  ;c-- c- c- f i le.

I. The nirax irsiurn lIft c o e f f i c i e n t  is bo- ,s’cr for 0020 sun ’f o cc s .

2. Lift curv e s i c - c - c ;  arc lower for 0020 s urfacc~ -

3. Chordwise center of pressure for the 0020 s u r f a c e s  is co nsk—

t a n t l y 7 -4 ’ c- :- f orward of the corresponding 0015 confi guna t ion .

I -

4 -
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Page 3

1,. l i - - i, - :  c . c - ! : , - I , . - - S c  r nc - c i c hr-c-! s- - s c -  : n t c ; t s -  s-~~ r i rc ’n

for I c - ’ l i

I . i~~-~c-- ‘ ‘ c - (c- f ‘ h r - i l  c - - c - i c - c - c -  r h c , 1 - -  c-. r ’ ’4~’ r of r-res:urc-

~o r~-~ - ‘‘ c-. fc - r-:  2 bcr i c - -  Ii i n :  i lown c c - - i ll kin ,

2 , I ‘ I  i_ u r - , ‘- r ’ ‘ s ~~~’ , T n f ,  for N’ ni i i . ”~ ‘ ‘ c-.~’c- up.

/ ‘  st- - i  . - 5 c- - - I 1 c~ ,., 1 
- c - c  c - , c -  N1 t in  (cc - -c - . C I’

Ni ’.. Sc - t ’

1. CF’S ru - c -~’~ :- f c - :I . I c - c - i c - c - : i  i t I e  foi -,.Jc p l c - i c’

pc-r s n t n c r s ’ s r c - I c - ” , r r i ; ’ ic- - - c ’ c -  -s ” , - . s ’ ,

5. t e i~~t, c - i c - l i t  I ,  -,, ,‘-j  c - c- , rvcu ,  f- - c c~pc-: i n -c- ic -  -\!~ = I ~u r f a c c c - .

T i n e s ! ’ c i : n . s ’ c ’ C , ’ r t’: c a ’ r 5 f o r A R~~’ l a r c - c preb - ’ . ! -1due to

51 i’Co rr ’. - ‘ is- - ~ cn p c - c Ic. -~~’c - t t s c  - ~“ c ic-nc ftc ’ kr rc- , r °‘ 2’ - ‘. a ‘
- :- ~c-- ds was

55 5; ’ ? IC r .

Th -c - n c  S SIlk c- n nt c - s J , c s s s - s  in the cc-c ii~c k;- c~ nnec -sc -”c - d for

CIrS ~f l , c  cc- in Fc : iPc - cr  i f  t he c c  :;1i,’l c - u i l . j c ( -  os ; I s ’ :  hull .

Coric’ -i,, ’ Ic :  In U~ c-~ c - c !  it ce -li H; ~c- 1 - I  i sc - t  : c - - ’.;’ C r i~ iC hull c - f i c - c t~ and fa ir%s ’at.-r

plc - I ’ ’.’ .:Nius ’c- i c - r - , ’; ’ c-s~Iy c r - _ c - l i  r ’ ~~( ’C!5 ,  en ti cr , III arid drag c l - c - c - c - c - I c r —

istb ,s . T ie  d c - c - tc - sln:;uld I - c - s  s t ud 5 d  to see if t ine present c - c u t e r  of

pressur e error ci i-c - -c- ’.-~c- Ic - c  for fni r I  c -  and s Ir ii, phonr’s is a dc - -c p- ; i t e ,

alt ’ uu.: lr t i s i ’ I l , , t : e  ~lc ,-cil i  he rc-i cd wi th caut ion t ’ i l i i ’C SO!’l)C Of

t i c - c - s ~~~~ va lnu - , . c- c c  CO ns. j , l (. t . ( ( j  (‘pl c - 5.  ki.c - i , c - l r ) c - ’ .
C
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h i S- :  ~~~~~ , ~~ . , I -‘- i s ’ ’ , G .H. , ~~~~ - i c - c - r i, ‘, -~, .  , ‘
~~ 

) c - c - i c - r r  P nc , - ,li ct iun

CI  S i r , i c c -~~ I- , 1 c.c -  I c .  S ,
” I l/ V~~~J Rc -’ 2 ’ c -~ c - i c- - ”: Cciii c - -c - -c -i

-:  -
~~ 1— C- 1 : 5  , S ‘.c 1_u cc - n , - 04’) 

-

~‘j nis c- c , Ir s  t ’ ,, -~-.~--J t bc - i.. c u ! t
~~~~~~ 

I . c- pc -c - i - c- - rcs- ~-ci s Un C ;c l S t c - ’ n. ’ i c- S

q . c -  l~ : , - c -  c i tS r  T i:)’ P c - S c  c - c - cc fl : t su ’ - c - :  1’ , c - c - cr j  for ~.hl- ,h

a S . c  n~i~ c- c~ 5 c . 5 I I  c - c -~~-
1 (’ c c  s c - c c . ’,’ I ’  5 0 cci i: - : ,c ‘ -. - .- c - s t .  c - c - c - .

c - . - : c - c - ss n n , ’ , ’ - , n - ‘ ‘i , Is  sc - n c- c- ’ ,’ ,’ 5  1,4: , To n c - c r c -  t i c  is , end tI c - , ,  ) ‘ ‘J- . -c- p

Ci ‘.I - c - c -’ i r n 5j s ,-:5,-rc -  I c - c  4 c c - c  p , c - c - t ’ . ! s O : r  p c ’ c- ui c - n - c -  ,!ic-h ir.’ n 5 , ~

nrr c- r I i  : i , p nc -~ - ! c -
~~r l’Iects , n c - c - .  c- i - , - - i ” c. i and Ic - c - , rcc, i i C  5>”. i - . 5  I f cc c t ~ ,

~ , c c t  n c - ’ , ,t c- ’r hc - c - L  5 -c c ; ’ - c  C!:  ‘ c - c - t 5 c- ’ s ’ l5 t icc - , Th c - c y fee l t h5  I t N fu l l

scc i l ’ - ,,1 , tc  nc - c - i  cc - c - c - sc-i ~.-as c t c - c -12 c- ; r c- c - s  to  c cc c -  ‘ ‘i, I e  oc cu r - c - c- ~ b> t he r

plc - nc - c- ’ !‘n - - -

I in- . ’ ! >’ t i c ’ c , , i t l c c - ,~ r c ’ c - c - n ,n ’i c r : i S. lore t hc - - i r  procr. c~-j rc  S u s c - ’ I  Ic- n

f u t r ,r r c  c- I c - i ,~n’ , , it is cs ’ c ’ s I l o !  t b c t  it be - v c ’ I r ~ .cI~~n J c - s n a nc - - u S r of

c - t i n - u  dc-s - i c  of c - i - ic - ; .  Tir i ~ cc - c L ,c ios , t hc - >- S
~~

y , is np c--c Sd Lc c - ’i:

to c m n .  c -h t ha ‘ic-~H d t >- e f ~cv c rc n I c-f t hc i r  c - ’ c - : s : 1 ’ I i o r i s and to perhaps

rc- Jc - cc - - t i r e  cc - c- p l c - c i t y c - f  t I  cc -’r i c - c - !c - i l iOr i  p roc - c - i c - re . S pr - c-c i f i cn i l y

they ~c- co :- ’ ; ncc - - r s ’ I  ‘ - i f l t i o n n c r l  ~‘ n;; I ln ’ S be c o r n i e d  c - c - r l  to 5-a m

~hc.cc - t  ihc 1 , c s f u r s c ,,nce’ of i: ’ ’~c - r—~hc - ped Is) ’~I:c Inils in non—unifo rm

( l a - - i .

- (
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‘I It! - \Li i- :.1,’ , 1: ~~~~~ - 
/,~ ‘ c-,’ . r - ic-ru; c - -  I V - cf  c-f - “c - n i  [‘ c - c - ‘ 1- .’:, -c- s i t  P l c ;  -

‘

( ‘- -c - t~d S o n ’ i .-:r c-.- f I l -c  S S ( c -’ I)  ‘- .1 1-I .c - Hic - c - r o rc d  S - I c c - i  F rQ I ~(’ ,’

( f ; r l ’ c - ’ : i ’ . i i \  c’~ i - -~ ry !- s ; cc - !  ~-~~i r s  I Tu nic - c - ! Pc- H- . 302

Sc -’ . c c - r n
~ : I > - : \‘~c- Nc ! tc - nc - sc - c - I  c- - ,- l ; s’ ’ :’ . cc - :c c -’ c i c - I c c - i ,.-t ’i O n  C ‘ c - ,’ul -,’ c i  f I - ~ - :  c - ,d Cc s  - c i

c- c- I S i , , c c - :  -~I t 1 n ” 55 (i i) c-23 c - . - ) t i ; , c - s r  c - I n - ”t s k u ’  - I , - :  - - TI~’; t t ,c-’,flc - l

me cc-mi’ c -c - c - i  ic - c - C: . i c -  - Ii tIc - I c-i I Ii - I , dcc c- , n- c -  ‘n ‘.~l b c - c c :  c-c- c, ‘c- i

n - c -  i n  c - I C. C - c - h f i C i -..Irl , lIs p hj~ c-~~c- i c - c c - c - c - c it cC. ’L~ i i L i c - n t , c-nd

sf l c - inc --.’ i 5 C  and cS- c- - r n 1 , ’ 5c - c , - : 4 ’ _ -r c - - f  p:r cs ’ . c - r c -  for fIo~’: c - c c - ;~ ’ :-s up to

Ti_ c - is s . c - i c - :  c - c - :  -,‘ ‘ ! rc r e t i r e  c - c - c - ’ S i C  I ’ c - r fs  cNc- -~- 5 w i _ c - i c -  ic c - c - ‘ :-‘. ‘ i c c l  t c - r t i c-

complet e c - c - :1;, c-. ’c-c- iOc - C ac - c1 ben wc- , c: rn - c - as -. r c- i  kr t ic - .- flu1 c - c --i

portion Ci c-c- ic-

C c-c -c -s . c - i ’- !; : Thu data In Ibis . I - p c - - rI is c-~ Nrc - c - ltcd us- c-s l i  c-j c - I c - l~, s icc - c - ’.’ it t ;eci ts

on l y c -c - c s te r n  P5
~’~ ’c- h o  c - ; i ’ c c - n  f lap u s c - - c - , c c - [ L c I  ‘atH , [~c-’~ ’n~~!cL

nur I c r , 011, 1 f l - c - n  b~~Ic -~~1 c - c - , S ince th e scu~- r -  of t ine ic - i ts  is so na- c c - . ’ ,

* t l i c -  ,,l ; t c r  C c - c - - c - i c !  n~ t S c - -  usc d cc - a d- si c -s r i Ic - c - ! ,

Or ’s Ic-”c- ;SiI.c - ! i ’ r I S C  of this icc- Ic- i W O’ .J LJ I - c c to  n - s c  t I c - c -  11 \ -c- .L:a I CI , cl~.,c- I i, c - i~ t i c 5

of t i- - c ~Ic - ’ c - c  p ici c- ne ir~ a ca lcu lot ks i  p5cc -c c- -,c- : n ’ Ic - ’  s -  - ‘ if  t h e  r ’ s i ’ i I~ 1 - r c ’ —

d i ct ed  ! .i>~ 
cc-u I cu IotL’rs i  ag ree \ii t in t u e  c - - c - I  resul t s of t I c - i s  report -

4 -
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C c - c - u ,  . r i f ~~: ‘I l l s  i_ n ~~~~~~ pu ‘ & — c-t In c- ’ ’ . c- , , c - , 1  P c - i c - r i : c - ,c - r c - ’ ’c- I l  to t ic-c- p r c . : c - i ’ ’ r r r  c- f

1 p ni c- nns ~~,, .’ -c ,‘ - , 1 1 - f ’ -5 , u s c - :  - I > i, :i ii > ’ a’.~~
c - - c ’  ‘ 1 ,  c- i i! ~. - I ‘

O f t ’  c -f s c - r . i c -  U i -c - s I  r ,r,: t I c - c - n t  t i n? > ’ c- , ,  , “~~ h-c- n - c c - H i >’ d c - s c  c - 1 i c - c -’d

cucc - - r , c - l - - I y I’> t i c - .’~ ,y  cc - ’ k s s c - c - u~-” (~~n . 5in i1i l c - l C c - t I c - r : c -, i o c -~ c) c-- r

Is >’ c - ,c- ’5 nc - c - c - I l  C t n c - i - ;  -
~~~ 

I c - p c -  N’s - c - , I c- , ~ c- ,~ . c- c- - s l i  sc - c - I c c  c - is ’ c- 1

- ‘) ,  5 : ’  hot I c - - c - s  c- P’ c - I - I c -  bc-i f c-f : c r c - o r  c- n r I c -  c - c r - :  c-c- - c - r u t  i_~c-

c - c -  - c - s c- ) ’ l c  c c - n  ( , - c- c - c - .,. ) c - ,  /‘ic .c - n , c - c - i/ c - i  i c -  i ’ r c - c - cc - ’~ c-n,t c- ic -”

;:ic- : -  n~ ’ .-:i 
~~~

>c- NiL c- iJ , ns .~ CS Pr c - c - O c -  Ii_) i c- i c - I C  a I s n c -~t i: c-J s e c - c - n c-i c - f

c r c - c s ! ’ - . N- ‘ - - - c - rh ;  in i i  c-S I n  pec t i\ ’ e c c - S c - d c- , c-nd s o c - c -,- - c cs u c - s -~ct Lc - ; -s

arc rc- ; . 1 s -j i , . ’-:t S , c - i f i , , c c -  ,,~ j uc - f i f i c c t i c - c - r i.

S i r ic ’ , t he c ic - icc - I !  cc - n1c -  c - I c - t i c - n i  d- c-, : ’, ! c -  w it h onl y ocr e c!c- .s c- c- r u I c - i~

n-c - u-c - n c - - . c o n c H - c  I’ -~~~ co rn  be i - c - - 1 .  -

The oc- i’ : :’ i-.c- i_~c- no t  ‘ n - c c - c - n t  any c m i t c - n ’ ia kr rc - ,c - !c t ,. r s ize , l o c a t i o n ,

s t sa p ’ ’ , cn~,,!c of c~t c - c - lc - , type , or m Ile.—- vc loc - i t L- . lr - t : n 2  t I  ~y

1 I c - c ’  i n i t ia l  d c - s ’ . i ; n  S t iS I’J ld Ire c - r ’ e ’ c - ’- n- -J ci anJ t i - c , S r y e n  i f ieJ

b y t ! r .~ : r c - ccc l c - i r c~ c-- ,’ i I ~ oi l c - c c - C - - S a 
~ 

c - . c c s - c - t i t i e s  d c l -  u r i c - i c - e d  by
the  s c - s t ’ s Ic - r,’d pr c c - i  ire , D i c -~~c - B  I:t pc- c-i ¶c -3 3 is ~ I i l !  n c - - c - C - sc-—

rnns ’n c l ,  Ii c c- i f i t , drc -’ c- , on -id c e n tc - - r  cii p nc - ’s - c - u re  of ; i - -,L! src-
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It ~ c c - c s , ,  f , c - c - t 5 : ‘ , - . t  c - n t i s. . - ; h t I c - I c -  n c  1.’~~c- t i s  ‘ S c - c l ’ ’, ‘ - ‘ c -~~5 of t i1~

C . : - i i  c - c - c - t i c - , : : -  i, ,’ ,.n;!s’ - s ,I j :~ f i u c: c - h i p i c - c - c c - c-, nn , c - r i r c - j  c- i  .- ! ~~ c -s c - c-i

ii’n i c -  c . t . : c- 0 ; a ’ s S c - ! ’ I C  ( 1 : 5 , 1 5 : 1  oc - c -, ’l -.- i - , hn ’ co c -,-c - - c c- f t I : c -  i c - c -!: c-c -f

I i c c - c ”  c- t ,c - r, ! ( c - c I c - c c r ’ r i s - c - ’ ’ ’ , ’, ’ - ’. l  P -c - c  ic - c - - p I hc -t p m n c - c - - c - c - t i ) -‘ - c-’ai al - c- ,

I i - ’ f c - , , ’ C J U n i _  ca n s r c - : - t  I c - c- us ;’- ! i n S ’ pc- c - c - c - c - c - i  c H S i 9 i )  ~‘ ; , c- - S .

‘[ i c - c - ’ r c - c - -.’ a ; -  1 1 c - c -  c r - c - S i c - c - ; i c c - c - c - c - c - e n -’ for II. :1,I~~I. u n  c - , c, — u c - ’ i f o s n c - i

ft c - c - ’ ,.’ is c- c- -c- . l ,  ¶‘
~~~u i c - n c - i t i c - .n :‘f I i c c - , j r  c c - ’ t l ; c ’- ,! vc - i t } n  c - i c - i  c 1 c-’ : c - -  s o f

shi p,: is not i_ - c - c - c - i _ c - c - t  in! , sisc , :c ‘ ins i rc - , uc . cu c - c , c- L-s I c - c -  I - -c -’ n i - - c - s c -- f  ico i

p ro c - c - P o l e s  ii - ,c- ’ rn- ::Lc- use o r e  - - t I l l  tc ,c- r s i - c - I fcc - c - o r ,  rio ’

th c c - ni P - . F o r ~ f c -.c - c -  prc~ I c - c -  m u  c c - s c - p l c - I c  s - > , ~
t n cc c- . c- . p s c - ’ i c h

t c C c - s u . ; ’ c - c
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A pPE~~~~ X F  -

L 
ity, mnnr n’.u rn çrc sps ~ki’.e Ic .ssea ur’.~ ovc: at t cast muc-c- t
be incl uded uc c Puarn  ccsrplt’tC u ,c - tac ,c - e i

1 - 1.2 The kest so urces at gern~rct desirUt

- 
pract ice are the 1953 Tr c - r , c - .  S~~AI.I! artic le “t ome

- 
- - - Hydrodynaucic As~ect~ of Ar~t-r ,ci ’u ~e Lesr -u n” by

P. Mondel and “}‘ydr~~yr.cr.ncs of ~hnp De-~iqn ” by
Ca pt. H. E. Saun ’ie~s. F or sr c ’rcr. Qflt sn ip t ’jçe s ,
typIcal practice is rest shown :n J. P. Cc-: ’ c-sock ’s
article in “Pr-nu n c- rd Const ruct non of Steel 1.1cr-

- chant Sns c -~ :’’ u. ,’ ~‘ rr c: 5 , ‘“.‘ c -,c- ; : , tcIuc - is ,~n s.  sce

n c - c- - : e c c - s . c r ,  c - S P rnncu ~ Ies of t~c~~o I
Ar c h i t e c tu re  c - c - ,  : c-’ .c - c - ’SET P,:: ‘~~ H-1 3  Note s on,
Shi p Co nt ro i iab I r t y  cu:e expe: ’ -c -C to be nc- sc -c c-i c - n the
rear I c - t i r e  Tc c - c ‘ c c - c- c- crc - c :  cc; e~ c - : .a .cate  :r’,€ y
w i ll be very c - . , c - c - c - l -

1.3 For c zç~c risc s hip t y~~ , usual desnqrn
practice is ‘c- c Ic-c ’s sc -’~a- ,’ ‘ c~es~qn hnst c r- ,- c:
her  ships of s . .  - t~ ;e cn~ to c~.eck w c - t h Ic-c T
Desk for ma u cc- t *c-nc -r .c-e prcblerrs.

Criter ia :
Section 2. — Ru dder  P lo n f or m and L oc a t i o n

2. ~ C c - sr :€ ’ cc - S ç ract nce ru s c - i c - c u s s - ;  r c - c ~cc- r
plonfo rrrc uric-i ic - : c : u ’ cc - n  qe re:ait ’, ;c I;- ’-’ : - .’ -

,

In the 1953 T ::cn. . A . ’E ~ tcie ~~y P. 1”:’ , ~~!.

The taLulatncr. ci cis ’~cacte rus t :cs cc- . :c ie - c - c -
for spec if ic s~, :c - c -  c i tc -e U, S. ar,i ic - : s : . sc  S. ,.’.

crc -! t ’-s c- :~ c-’” c I::::: ,’c- - . .k. c- .,, -~~

421 or 442. I..c:c-1 tests are us , .alSy r .c-u s o ve r. t y
the pre~ nctncc: - c - ;c - ,~~ .c - , c : , c c - t cs : . ,- 5 :s .~ec- , - c c , ,  i c C.-

ca t e des ir ed c-,- r, c- - ,c- .t’::sc- ’~ ; es s u : r ’ cn c e .  t - c : e s  ‘es t s
tests f ar t~c t icc - l c - s c - ’es e r are c-c s,,.c- i .S ’,’ re~nct.c ‘0

w it hin plus c - s - -  ,r.,,.s 5 ~ c ’ sc - c - s c -~. rs rare ,n c - 5  c - s c - c - cs
there are ic- u ~c cc - :cc- ,::.,~ ;sc-:.e~. ~~ch c-s c-sc- 5’ ,.,~ f t 3

nc- here ful l s c - c c -’ : : c s , c - c - i  ,jo. ,:c-ese: - a s  Is)
- greater than c- ,:J-:i c a t a  ( TPI - 1 F , c-~~- c - r : s  C-~~~

’k c -c - I
C-1703) . i t ii, c - . - u S ’ ~ c- c c c - r e d  cc-c s :c- , c-i - c- c - c :..- s c - .  ‘. c-ui
data are 50c c- S . : ’ - ,-s e r r a l c - C , so I c c - n  c c - : r . - -: c - c c  n- - n i h
model dou~ St ’ SS c - c -  c :s c - o r e  :sc -cn usn c - c -’c e  :::-c :s , A
10 percent — -~~. sc - c - sc - 5 c c - u s c - c - cs ,:, c : e c - c .  b’ : c : i  test

- pred.ctnor .s is :c - ’ : c - csc - c ’ : c - :  a rs-,.r .c-usc-uc-’., — - c - h  a ,5 ~,cc-r-

RUDCERS A ND SUBMA RiNE CO~4TROL cent rnu; nr. d- - ,. : :c - -  IC u s :ec-j .f~ c- ca ,c - ,c - .sJ ie,

SURFACES 9220- 1 (Code 4 42) 2.2 Ad j i t ic ra l  nte -r s to cor’.s ude: arc - :
(a) ~udJers cue ç~ ncrct ly r aved c c - c - : of a

A. Rudd er Ces i çn position d ire ,csi,  c - s r line - ‘ n I h  1’:.c-c iler Sr. : : t n s c - - :  :rn

crder to ovoc - : S c - c c ’  : - : : ;  ,~1 c-r t~ ul — c —c - ‘ ‘ c-c-c-C ~~.

Practice: IS done e’~eun sc - u  ~~~~ sc-ron- : st’ t~s (e. ~~. CS:)
Sect io n 1. — Gene ra l w ith high pc-~ c-a . ACCE I is an exc ept ion u s i a

I.) The ai rs of rud’ ~’-: desnq ~ is to rrc’v ide c racti ce . S ifl Sc-C it is ex pecte d that the ~- c- -- ,p j cu ‘.“t II

t ight tw n rr ,-3, q~~J c~ n ! ;t y to i r , c - t : a te  or.U cc -,~c- ’~ c li~~inate the tai l core c - c : te~ . Aux i l i ar ies “- c-h b c - v

~w nn~s r açsdi y,  a — a qco d cc c-c c-pir. ,~ ct t ln ty . pon- .cf arc c-,c-c - . si l~ c- I t  to ss.erchj rn t s t a r ,c - a:Cc --, ‘ -v i t ti

Quant it at i. ’e rr.ea~ures o f I S - c - c - c  ~:e usua lly inves - the ru~ider rn !, :,e . i t h  the ta i l  core.
t iqate

~
1 by t ac t ic -cl diasr etv r . :nc - -: a is ( Kessc - pf or (b) linslnir’pir.q ot ‘ r or cll ers on -I c - co l t -

f Z.mo neuv er) cmc -~ s~ n~at n,c-nc-c r. .-~r i” .e- aac - r - ne ) Ing should te  v~-stnc -i ate d ~nd ,a.i ” iuate c~~~~~rce

model t e~ t f For , ep lenic - : c - c - : ’c : . l  s r , r s , t he c ’ - - provA ded wi thc- ’~t F ’ a v s r ,’i to u’nsrnip a rudder. P-n
proaJ a: I a - c c -  c - - c - ;‘~. c -- i 1 : r , .. -a :c-- c - c — c - c - t i c -  -~~ ~nves- sou r-c cases i s r i c - - l . .~’c- ir’i ’~ the tai l stair rusay It’ ~‘aure

— li g at ed in r ;.:e~ form. Cf cc rse sr g~ ,c-u;af r t - lc - a i r l -  tur nin g the ru ,u i - n  c-ni reuro Inn~1 i -ct ta t t e in. J,ter
plates . T his is avoided wne rev c r possi b le.
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(c) The rudde r should be well sub- 3.2 The co mputat ions for forces and centers ‘ 
,,

‘rged even with the shi p lightly lou led oft and of pressures involve tt ndiru q data for the right range
,,eeLini~ in a tu rn. 

. of Reynolds Number ar-i cotrecting f or:

(d) The rudder -rud der i tock combination of (a) Eflec ti ve aspect ratio (A. H. Geornet-
tapers and location are nude such us to perm it un- Span (Span)’
shipping the rudder without special high blocking. nc  : i — ; A. R . effect ive
Where the rudder cannot l~e dzop~c-e d enucuc-~h direct- Chord Area

~
y downwar d , p iovi s no n should I.e c c - I c -  (or t i r s t  varies fr om 1.0 to 2.0 t n ’ c -.es geometric. depending

liltin g the stock with in the ship. 5’ ii ic- .’j the ruc-d- on roo t gap and hull sn -ape o n-er).
‘ der on the stoc k tarer us possiole, but us avoided Tip chord)

exce pt as a last resort. (b) Taper ratio (X
Root chord )

‘ 
Sec t ion 3. — Ca lculat ion o~ Rudder Forces , Cc) Sweepbcrck angle (~b ~ ang le t hat

Momen ti , an d Bala nce the quarter chord lunc- r aker — relat ive to the f low ) -

3. 1 This sc - c - inc - n represents recent practice , 3 .3 The attack c- : , c - ” ~~
) Ic - s r’c-c-i .ierc- i s  us-

as revi: ed , to t ake ccvc- r ,ta ge of ACES 1 -a ns i AS 33 ually taken as 5/7 the ru ,i ier angle. Thus n~ an

lessons. Fro m uca lysus Cf fu l l -cc - d o ~c c - E 1 ic- ta , ~ bitrary drift angle cl ic-wa nce . b- ic-cd on the turu’se
recorde d by Puge : .~ound Naval ~:c - u~~o:c , ui’.e ef iec- to get t he rudder over (about 13 seconds) and the
t ive attack ang le shoc- id be taken c -s 0.77 t imes expectation that the ship w i ll have started sw ing-

rudder angle , rat her ir an 5/ 7=0.7 1 tc - : c - e r L y  used. ing by then. This c- rc - : : : : rj  n-aL-c- cc - c - cc - c - c r c - cs a 35 dc - c -

From Puget Souna ’ s AS 33 ‘ic-ta soc- .c a Ilc.’.-arsce gree rudder angle ur Ic a 27 ae~ ree cttac k ar.qie, be-

should be made for t c rqu e , say 20 ~c n:cc. t ci r,-c x u - low stall in cc- c-ct n-c - uc : - tan ,’ce l duta
mum, at zero ruc-ider no r a rudoer c- a ~c u o ~ei1er race. 3.4 The speed us ed is that in wa y of the

DTMB Report O’ O-~i-Cl of Marc-n 1 ?~~ ze~orrs c- cc-id rudder during a ful1-~cwer straight-running period.
tests of AS ~3 :c:oes c-nd torqu e. Forces correlate The ship c-noull Ic c-~~,i c- d  un c
we ll w it h des rqn t heo r -,- ; torques do rot cos relate clean-bcttorn cc ndnt ucr . ~‘j csc - as can oc:’ir or. c- ui lthors

w ith eit her des ign ~heo ry or l u l l  sc - c - Ic - dc - t c - .  The trials. Any redecr:cr. c - s speed in a tc- rn 13 0

error n~iriwn,rice in esturc - Qt i na c c - : : c - -’ - L se c- eu~~~ :~ c- :c -~ c -f so lo: -,’ , :-s c-~ so — ‘c - :ot c u !ate i F,r  Ic - i ’hc -rs c - u ’,

pressure sho uld be increcsei c - jcc - ..c’ : Ol l ’ ,’ (as indicated a propeller race , t i c - .. ’ c ; cc -c is tuk~ n~ -as the ~:o:~~c :

parugraph 3.5  which has new ‘.:Iu-c -’c-~ for so urn- of ship speed times I plus slip, and is considered
portant a system. Regarding specc - iucot i cr . s, the as actin g over the nc - c - -c- sd ar e -a snaac ’d c- cy cc-c sic -p-
assume d effic ienc y fr on’ c- s t eerc - r.  ‘ c - ca r hydraul ic strea m. For ruddets Cr ~c rtsc ns ot :c- c - ac- iers rot ifl

torque to rudd er stock ,inll no ion, -c-’r be staten. In a race , shi p speed is us ed over the entire span.

genera l , per fc c ’c - : : ce requnre:ror .uc- c - nc - Il c-c -c - .specif ued, For a score realist ic ncoiccc - ! ’,’ survey c - It of -a pro—
wit h Bure au-p-rtcrdc -ct ed forces c-ca 105 4 c c - c - c - ncr ; uidacc e pc-Her , c- ce pc - -’ c ’  4 ci . I . Ic - c~ Fept, 11~ S ‘ ‘A r  c - c - c - c - s c - i -
only. This cc noer. tr a: es rec -~ cr,~ u: .Pty usc - cc -se there qat non of a Flow-Fx :’stc- i  \‘ c- 5rO t ic~1 of the USS
are defects in ru±icrsrock b - c c - r n r : s , c - c - se c - r i n g gear , FORREST SFiE~ThlA~S ( 2 2 5  ~3l)” .
or cny t hnng else not f c - reseect , ic -- An:c - .c l -,c :o~c iesc - s 3.5 With these r~c-n.piifie d method s of esti-
hove been as varc - c - i  c-s pccr - c - : c . ,’ s.c - ac - usc -- c-c- c-n one mating f low s c-eec-i and or, ~io ci a t tac k , t he o rc -l i-
ship cf DLG 16 CL -s o , c-sc -i jcc -c- -c -’~’ sc - c c- o n or .e snip nary coe t t ucc - er , t c - c - (b i t t , drc - ,~, ncrrsc-ai Ic - c - c e, c isc-sic -v ise
of CVA 59 Cl ass. ‘,‘. hc -re ~‘. eig~c - : is c c - s c c - :e ‘hen and spat’nwise center of :cssnsre ) -ar e chtac - r .c : t’y
usual irnc 2cnI- :-ncc , the design c-cay nc - Sc - c - ce c--ore ctoss-fairinq as inc -soc - ic- i ~y Sectic n 3.2. A sys-
speci fic ic ‘c -j I ra :c .en to  I c - c - a s s  ~n’:e ’,’ c - e ’, : c - rsc - dns ce . tem atic p lot of data c - ’1’ E lectr nc dc- ct Division
This essent ial ly i~ v of’:es tc~: c - rc -~ s o c - c - -c - r:a~ ‘.-,‘nere (~~an lable in Code 4-L I c - c : very useiuI for this. ii

w eig h t  s av ing r. -c c - eo n rc - I  cc~ r.’ c- c -c - ,c - s : c c i e .  Tic -c- The rudder torque so d’tac - r -c -’ l  is calle d c-~~~~ the hy-
computat ion us ~~‘.- c- c - c- :.:  ,c-’jnc - iscc - :  r:- c- ’ 5: , -’) ,:c- , .‘.‘ r t in sac-re dzodyn aunrc toriue , ,A i r ’ l -~rie nonc-c usala tur e is fol-
add it ional fe atures rut- ic- led tar c - : . . - c~’c ’ 1:cotu ~rs , lowed, with nc~utivc t~ i ’~’c- ~ndic-at ing a t railing

The most rcc- c~-nr:cri p: olicctnc nz :c-r ts , ns wouk are tendenc y (center ci pressur e att of stock) . An al-
DTI.I3 Rep t. 933 “ Free-~tr eurr. Crc- : c- cz: e :n z n ic s  of a low unce for wc-cert a int ’j in center of pressure is -

Fon-.u ly of l.c ,
~;-Asre:r ~P.cIc - o, Al1 ’~.I ~-.-aht e Ccss t :ol n-c-ac- ic- gcr ,eroIl- ~ 2 s , ’ 4 sc en t 01 !~rC rr,ean ..hord. r

Sur f aces for A~’~
-
~~, c - a n c - c - n  to Ship ‘ ec.c - gn ’’ (Revised . This allo wance . muhus plu e d by the normal fo rce , re-

id it ion), and tCnr -i e rsu ty of 11.:: ’ , ,j : , i  ~-~eport ~2-1 su Its in a ~~~~~ or tar ~ue error cillons snc e. This is
“Su rvey of Lon- . - Auc~ c-- : t - Rot.o Cc - a :act e: ls t Ic s ‘J se tut ~~ded algebr aic ’ .illy t , - t Ine ‘.H c-air ’.e , and concert . ; it

In the Des ig r . c~ Cc c - -, sro l ~~:tuce , , ’ ’  f a r e s  Ncv. 1c -.~2- tnto a ~-anJ in lieu at a Ii;u~ , ~Notet hat no error
F’or ces o i l  c - . ’ n : -c - r c -  c- n pic :’suu. ’a ar c -’ cor . pu red as al low ances are r u  u-c ’ c -r ic -icc or c:pc -nwise center et

ind icate d L. ’ I - - . - . - ai d a- : i c - s c -  .‘n .~~ c - c - c -  c-n . ’. c - n c - c - es .  cc -c pressure ) . Th is h-v  I i c -  th en f ur t h er is 0- l i f ted t o j ot

‘made for cenncrti n.j nyiu o dy nr c u:c - ic t c c - c - u e  Into steer - s teer ing gear I c - s r,nc i.~’ ollc.-:nnq u,-r t he n : c t ’ - r . e s c . r s - j

ing gear tor g ue. bict ion 
~~~~
‘. This is c-ionic by computing reac -t io lt s at
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all bearings, mult Iplyin g by a fr iction coeffi cient ice , and la nd i r n .j - rif t have t ; ’ isrt ed s to ck u a mtor
‘ 

. (see section on beuii n’i ’s ) S .c-c- (
~‘Ct tic -c frictional bc--aching uru.i ~: c- : ,unq ‘ -. ith iu i b i s  in ti c - c- ,-:j inf ,  ~‘ force. arid multtplyinq thut f ’~ t~~c’ radius of stock sonic -c Cc - c c- s rt - ; ci - i: ~ ~rc - lc - c . I.~- -n; juin s Liv-.- cj~ ’:; in-I . 

~ sleeve to get tr ict uo nci l tar ue. The bc -st cx- c-~toIle d to t rc ,tc:: c - c -  _ t eeu inq gear from Suc-’ c-~ample of this syst ernu~.ic proc ed ure and the soujces damage.
of aerod ynamic data are shc-’~:n in the Code 442

S rudder file for S313(N) £09 Class. Section 5. — Rudde nt ock Mot eriol
3.6 Rudder balance nuca y be theor et ically se~- ~~~ For n u l l -c - i s we Iic -d uunlic - rqr al ly to t~se

lected in one of these three general ways: stock , we s,~-r ify the 1 c - w  r’irFcnn L- :-ned s to ol ~2IL.
(a) For minimum s ize of ste eri nq ge~~. S-20140. (se e I ~)?C ar.d CF~lCEc-~6 pl ans I - ‘i- : - c - o i l s . )

This requires bolencur.r~ t l.e n” iot nve cc I pos it ive This ste el I, i. ~~, L ‘0 ~.o.i. yc-c !d crc- i 60, CCu p.~~~~~~.
torque enve lo pes of ~~ (~omc c1l~ w. ultimate st rcr Jt 1i.
ance con be us - c -dc - for v.:r~~c - c - c ; uc- e;ncn~c- c - al c dvcntc - -~e 5 .2 ji c- - c - c - c - c r : .  cp;-:c ‘ii - 1 - , A pr i l  ~ ‘uc-~~ c - s c - e l
of the steer ing gear at -:c - I :c ’ nc ’ r t  rulier ang les). forgungs fc c - u, . : I- ’ . . . : c - ’. ~,: - - c- c -  c - Cf ls ’ L ’C ’.. c- .c-
This is done where we ~ s u t  c - c - very isc - -.~ -on: - mt. gc-ner o lly te  c c - c - . c - c -, to ,.S.l - i c -c- - c -  iL-S-2~ ;c-~ Thus(b) For a ru dde r ~ hc - c c - i  w ill tra il at very w il l permit c-c - .-. c- c - ’ :  - -fl- I l  ‘c ~ :.: c-’ c- pc - h- us - ,’ un -‘u ~l.neat- zero if t he steering c- ocr exercises no Spec. MIL-Z’E~c -j , -‘- l : c ’ c - ,  c c - c - c -  ic-con u.,: d Icr ‘ ,c - rc - yrestraint. This fa il-saf e feature reguires canstder- years.
able steer ing gear capacut ,’ , u;ence c - s not usually 5.3 lIce u:e of huq~c - cr st :c-ngth steels ten ds
done. to s ec - c - ‘ - e c -  c - c c - s  c c - c ; c - c - r ,  S c - c rc - c - c - S  ruc-ier s-~:- ,c rs ,

(c) For something between (a) and (b) both of ~. :c - c - c - : .  o r-c . : c c - r .u: Ic- cc- , ‘H ere -a re , h ’c - . - c - c - - ec -,above. This is the uc - c -~a! ~c roc - : : :e , and cc - ic - c - ce the follcv .’c -ng dc - a . ’.s- .:c - ’ hc - : uc - )  I c - c - c  .iof ie:ticc- . on t heshould be selected so t ic - cc - ~~ c :es t hc-oc - .c -c - uc - zero stoc k tends no - c - c - e a ser . c - c - -d y ing a poser, : cc - H
somewhere b.c’~’.’-c ’cr , 50 p - c ’ : : e c - c -t c- r i  ~3 ;e:c- c- r,r a: problem c-sut h :,c-H - c - n d , (s~ u r. c- : r.atu:al :rc c-~~-:v
maximu m rudder angle. “s.e prec c -se vasu e aepends te n ds to be i c - c c , c-- ic- icc c - c - c - c - c - c - IC ’  :c - , ’.’c l - c - €- . ic - ne
on the s hape of the torqc - c -e oc rves , ari d us a rr.ot:er more pat er , :c c - 5 ‘c . : r .c - u c c - sc - .
of designer ’ s j udge c - ne ust . 5.4 Where ru i ier s t cc -ds are required to have

little or no macnc-t ic percc-ech i luty , c - ic - c - crc - c - s r 1rc- r.ze
Sec tion 4 . — Rudder and Ru dder s to c k St ress  Anal y s i s  has worked wcl l  c - sc - A~1S€O c - c - c - c - i i.~2O42l CL-os ,

4.1 Because of tc- c-e c - c - ’ ç’c- :rt cr ce ci rudders in World W ar 11 s c - .c - r : ..,sr. eepers ic-c -c a ruriaerstcckc c - f  To-
~~~~~ c - ...c -~,., .. ., ~~~~~ • .c -a ie L- .:u ~.rc~ ze ~.L- H . c - ,~.iy u ~~~c -ss . 7i.~ st- ~sc- nc-

d~~ing desi~~, and the sc~~r c - c - c - Ocr is usually re- and twisted in sc rv :ce , hence t he later deoc - . r.c - s used
quired to make cc-c-e b~~ed crc- cc-t ic-e l scanthings. the hiqh-qro ~e c u d  cost ly aluuc -s ir.usn brcrac-e.
Stresses are l im ited so as to pro-c - ide a minimum 5.5 j~ rce lcoc - in xudierc - tocks . ccr:cc-c::cr: re—
factor of safety of 2.0 c -n yield with locds coruc -puted s ict on ce is dc - s ic - cc -i Ia (s ic - c -cc- c- prctect ive cc - c - s in c - c - c-re
as Indicate d in Sccticn 3.2. VAu ere locc-s are est:r- ct- not yet reic -ar c - c - ) .  Ouiunary tatu gue is ncr cc --n .j,
ed by less rel iable n-c-eons (e.g. Jcecsei’s formula) ed to he a p :c n’ i -c - r  c - ic - c - C tic-c-re ate qena:ailv c c - c - 1 ,’ a
the mink-nun factor o f s c i et y us ic-c- ken cs 2.5 an few cycles c t r,:~~u c - t :ess a yea r (ship at  t ic - i l  ; c c -- .~en
yie ld, with full r isc - i c - ic - c - c - c - : . ;l- ~). Notch to u .-nhr,ezs is f u: - c -  y de-

4.2 For semi-balanc ed rudders with horn , t he sizable , since corros ion pitt ing is pro bable on tar tl ’.e
best practice is available in Cc-do 442 files for the course of y ec- .c - .

4 B861 stress analysis r - ’j r~ew ‘i c -s r. Naval ~u .c - ; yar-d.
For gudac’ c--:: sc - s r , c - c:c:c - s I c - c - s i  c - c - c -  -c c-c- e lascc arc - c - i a - 

Section 6. — Ru dder Pl a t ing a nd Frcm i n g
t method dc-vinci c - -c- - L. ~

‘ is use d cmi avai lable 6.1 n rc’s c-- s t  practice c - s to ,c cl ;c-c- c - t plutls c - g and
in t he CcJc - 442 t i l es .  franrung to cc-c t :u. - ’d sizes c-i s~;c- r. c i’ual to c - c - .c - ut

4.3 For spode rudders the bc -st pract ice is 40 t h ic knesc -c: . I p c - t i r ,c - c - - Hc-c- i c - - cr d~ s n~ rus wi t h
shown in Code 442 fi les Ic - c - the C,ibbs ansi Cc c-< greater s~au . c- (‘ c - c - -  ~~ -l4 5 Clc- c -~c - c - ,  IiT ui ’c-~ Cia c - c - c -,stress analys is of Ct~931 C1c -c - c c- and DL.? Class CVA4I Clac - . c - c - ) c- - c - . : :  c - c - cd loss nc- I c - ad ion- pIatun~ I~Oc-’urudders , panting, f a t c -~ ue , c c - m ac i c - c - , , c s , 1

4.4 A computation for rudder hub s tr en gt h is 6.2 I’ or ru , LL ’ rs ret in a ~iopc - l ler race t hes hown in the Cod- c- - IL  ‘. . : c - -c- (ci ~~~~~~~~ CT~~3 platin g c - c - u~uc i l ’,’ ~~~~~~~ (e .g . tc - L I) .  Fcr i s a  iers c - c - .Report Expe r mer i t i-i l S iuss Analy s i s  of a Socke u’d a propeller race , S .T.~~. or H” EQ are -c - ic - nc - rallyConnec t ion in Bending [~ - A . fc -e: ker t u as so r.e specif ied (c.~ . ~. I. CL-,; :;) n c - c c - n c - c - c - c  on
use ful te s t du~a. stren gth arid sl n , , f . t l y uc - : c rc c - c - J  c~ rrasnon rec- ista r,c- ct 4.5 There arc - also c - rot - Ic -c -c -s with non-h y-1.ro- compared w i th ll ,T.lc- , a rc-i t S.
dynamic locds on r u lac ro  . . A ~ A , .A c~E, c -ni LiT 6,3 At tic-c-’ tt~- in 1ung edge of th e rudde r , a
ty~~s hO%’C.t’ .’iiSied rc-d ,~e rsrcc -~s .‘.:nilc - OrerJI:rig in rabbeted cc - ic - t nn lg c- u :c- - ; c - s c - g ,  i~itt i  egua l ~;c -s Ivornc
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oroperty as the zide platunri. provides the strongest Plans SS564-Sl]08-935524 arid SSN~8S-5lB-l7l39O7.
isti uct iOn (e.g. E~L2). Whe re ecocc uny us impor - A calculat ion fur cicarunce in the bearing s- , i i l i  u s c - c

tont , the si de plates can be wol ded to one another 
~t~~k ~ its de flected s hcrpe i c - c - shown in pien ~2c- H585- j

(e.g. DElC~ 6). 845-1716223.
6.4 Valuahle inform ation on this su blect is . 7 5  AnU-f r ict ion beari nqs ~ e fair y cx-

avaIlable in ‘t~MB Fept. P—354 “Notes on Casual- pensi ve and require son-ic-c precision macinc-ruing ;

t ies to the Twin Pursider of United States Destr oye rs ’ to inst all. They hav e the ccriupensctcry nlvin-
by Capta in H. E. Saunders. to ges of pci -ic -si tt ing s ic -jnu f :- :c n t re du otsoun cc - f

steer ing gear to. rqu c ( ur. ti a c rdo r of .‘
~~~~

;) c-rr,d
Sect ion 7. — Bear ings can be se lf -d igrui nq ( c-c-c- t ic - ct ruaderstock id e-

7.1 Bearings ore to be designed to take the flec uons and Ic-ui! urc -o’.-cc :. c’i cia ic-ac cauce c - : i u :i- L.
rudder stcck n-cdi e l and ti- _ rust i~’~c - a c - c -  ac - c-i the rudder- j nq). There are several r i:. sf c otu rerz of roller
ston!— ilcx ural deflect io n . These are computed us- bearings (sp herical and nc- ru- n-pherical), -

~ . ic - icc -
Ing : tends to keap the pruce rc -c - .~a:.c He. W~ usc-

(a) Hydrodyna rra c loads on rudder ally require thct the roller ic-oai-inq ver .c-ic r c - c - -  —

(b) Weight of rudder plus stoc k dicate his cpproval of the rc- l-.c-pyai-d’ s :r.r-’,e~iu-
(c) For design which i cc - ic - c - dc  a shock re- tion deta i ls by s~gn c -rs g c c - c -, tic - c - working p l c - - c - ’.

sistance as a re~ u:rerr-ent . (a Icc-ta r i r c - :c -  General 7.6 It is underst o od h a t  roller 1cc - : c - a s
Specuf icat iocs 9.Lc-J-l ) t c - rc - es the v.- ec -- ; ic - u prc duces were installed on a collier at about the t:~ .c- ci
t-odial and thrust loads w hich are not con-r.ouned World Vicr 1, and that they h-ad to be rt p l.c -ccd
w ith (a) and (b) above, by sleeve beori ngs . No rcc’c-c- rds are avcu,cc-L- ,

7.2 Bearin gs are o f two basic types: USS TU.~dEI l~A~ ( L::~ 
b - ~ hi~d ~(1) Holhng friction or cn t u -fru c t ic n (such as bearing ir.stullcuon ~-.-hi c ic - cc -c-va no txzu ~~e

roller or bell beor:ngs) and during the &c - c -~~z bnct ccr- c - - r at sea. u:’c-
(2) Sliding friction Cr sleeve (such as NC~ FCLK ~.LI c-us :~c-c- ,‘~~ lT ::~i i~ . “L

floating cAle rs for thrust , bronze s ic-en- c and p’neno- 2) Class have spherical r-r 1er bea x i c - c - s  r ’c - u.c - c h
tic bearing ty ke for radial). Peceri t e~ c-’nc pi es o f have been op erat ing s i nce c-bout l9~tJ. ‘ 1 care
these (yrc-~~ ore sc - ucw n. rescec tc -v eiv . c:. p ans 

~~~~~~ -~~~ C~~~~~~~~~~T. 05 ~~~ 2c- ,.
‘~D927-S22C2-76O457 ar,d DE9 3 l c -S2 2 O~- -l-L6955 . o f one or t -~o rollers , due to pounoc-ng el m:

7.3 We have been usc - n-sq fric t ion ccc:ucier.ts of prcpe iler race cn a ruddcr which is qer- ’ n-c-fly
0.01 for anti-fr iction types , andiron; i)iS to 3~ -0 for operating cc- a r zero de-gices. Tias has cpp c-c--
sleeve ty~c-sc-s. These va lues are ruccc - i  on co rc -n,er - entl y not ha~.per.ed.
clal practice and sc -n.e br ie f tests at ~‘ortsrc -outh 7.7 Tv .’o unset t led q-.i’c-’ c c - n: cr.s c-c-s a c - u n - i n - c r c - o n
Nava l Sis i r- -, c rJ , n c -c -n rc -c -t ic nc- c - i c - c - ,  s c- , rc -~ .c- est. - bearings are: (a ) is i t  .-. c . r - -  .‘ ‘ c - c - L-’ c - e c -~’c - c - c - r ; ; . c - :  - c - c -
mates , there — cay tc- e sc- nc- c- n c - c - c - - iu n un tru e 0 ,2 coe nt i-  lasno n i--c - t h c - c - c - e n  ic-n c- c-c- c- c - s c - c - c c - a - i  to take -.ip c - a r -  ti
d ent (or sloe-ic :e -c - ru r. ;s . T i-ore us r.a s c - ,rnific-ann t ances? c-ni, (h) ~rc-c- ,,fd .c - vc :c -c - c-c- c-. c c -c - li c - c - c -  cc - a ~: p ,c - r
margin in tn-se 0. 1 cc -e , : c - cue r . t ta r ac - t c - - i : i - c c-o n c-ear- so as t o c - c - ,’ to c-c-cu c- .:, .’ c - . ic-c ’ c - .c - . t i c - c - I - c c - c - c u - c -  c - c - c c -,?  ic-- c - s t  M

Ings. . practice has pe r:c - c - i t t ed n - c c - c - i  c - c - c - ’ ’.3 uce S c - c c - c  1 c - . .i;e-
7.4 Sleeve ~earur .qs hav e icw initial cost . nc-c-nt on ti c - cc - c - n c - c - a c - I c - u ., , c-a rc - c - h e cct ’.c- ,c- l p:’J :c- c - c - c - c .c-

~~e re lativel y easy to rr ,nuntcc- r , . c.c-c- ,i in c- C :c- t cases vcry . As c - c rc -  .ccc expe:c - c - c -r :c-- accan:c - c-~a:i’. u - c -  i~.c - p
would he t~’ lat ive.y easy to n c - c - a c -: c - c - ; c - u’ Cic -l en c c -es S~c-~~: i f c - cc - t : cc - . ;  can c - c - c - c - : ’  c - .rc- re s pec -- c - t i c .
We usua l ly s pec i f y s ta ves C! nc - c - : c - i c - c - c - c - c -c- pl.enoL& c ,
with laminations such c-s to pu ac -c -ct’ c c g e w c - c e  corn- Section 8. - Bear i ng Se a l s
pressicru. ~na~’e c- i’ tc - i ls aria c c - ic-a u c - c - c - cc - ;  arc ’ sr.own 8.2 Skevt ~ t -e~:uc- ;.; <a the hul l can op. •,‘

in BUSHIPS Stanc -or i  Plans ~ 2 C ~ c-~~~’1 75g a rc-c-I S2200- crate with ccc - ‘A a t er ac-i t i - c -  lubric’a r-.rc -  1cc - i l
921760 . C Icar enc - c - c -  c- re also c- .ho.’.n c - n rJ..ni.PS p : - ic - t:cc , . 

c- - c - ’. -, ;  c - -c -  c- c - .~ s. c-a n c - c - c-c - c c  - ‘ i i  c - c -
Tech n ica l ~.L-r.c, nJ uc - c- -, - c ’ c - :  - •  - c - c -’ c-. c-c -us~ ;es - lubricat ion or.J a cc-c - i ,  ‘

~ : .c’ seal is ic- nc - c - i l , a
sive st res s is tc - .~c - c -’r. c -s ~3O3 p s i .  I:..: :c - t er c - a l  has gland. rr~ c-le in ha ivac - c - to fcc il itute rt’p l c - c -c - ’ c - c -  ec - t ,
a Young ’ s mac c - c- H. ; 01 abOut -LO C~~ c - c - c - u .  - ac - c -  can with a few rows cf  pc-a ‘

~~ i : : c - . It is c d j - c- .c-: tc:
run in water , c- ;;c-’ c- c-c’ . or oi l. C c- nc - c - c - c - c - i d  Ic - -:u uc s c:’ on ly in drydoc K . it c- :c -.c c - e - c r - l e s ~ re t oc - r ,o t i c - ”
so ld such as .‘.ec - ; c - u r c - c -~c-c -o uctc t. L - i i r ’ . c- ~~~~~~ fl-,e : tc - c -x , grease arid excl ud es c-c- c - -c - .iter atc~ ac - c - c - c - a c’r mud
arid Tulmu c-~l. In c-’~~’c - c - ic -l c - c - c - c -  : “ - c c - .  ne :c - c- inc- nc- i pa uc les.
pheno lic t -eorsc g s ~ou ld be so io:;g as to c - - c - si _ C bind- 8.2 Sleeve and rol kr t- ec -ain nqs w ithin the
tnq ftc-sn f~e.~ure ci th~ ruiicrstc-c-~

,, cther cc - cc - c - te r .c - !s tiuhl ore usually press ure c - va:  C !n r tuu - ’ .c - c - tc -J , .;r,j
ore in or ~.

. c- c - nc - - c- c-c- c-; c- nc - cc us - c-- t a l  c -s ,c’ u - c - i t ’ :  nse ,ii.c - - y .  occ~s rcna hly cii hu t :i. . c - c - c - , i .  ,Ad iusic -t~ c’ c- ’ n ’i ! c c-I
These - ‘ u  - it s . .  c - : .cr - i n - c - c  ..!c-”:- :”s - .,o t ’ - .c- ’,- c-a n be ore p rovi dc -’d , and r . uc-ic -’ iii in c- lves tO t~~ i hi t c - t t c -
;ho rt er . l’ y p rcc -a ! c - r .c t c l la t iac - uc - .  a c - c -  r : ,c -~;-.n in I3USH!hc - S unsIup~~ng.
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8.3 Roller ic -car ing seals at the hull re- 10.2 For t~.in-scr ew twin-ru dder ch ips ,
‘ qc-c-iIi-e special attent ic n bc- cause coo w atc i  w ill irodel tests ~~c- cc - k-uc-d to d c ’te rn c -urr e SHP to
% ni_In the bearings. T~e E.Ll ar.i tr.c - DL2 CHaos make some h:ç~i c;~’cd rn t hc ’ rc qi c n of full

have Syn tron seals , c - d j~~c - t c - n - ’c - l c -’ only in d n --,- d - :k. pow er. The~v t s ~ c - c - . are r un ov er a range of
These se c -Is hcve an c - c - t i - c - c - c - i  c c - i  pressure wr.uch ruds ~.e: suc t t i c - c - c - j, c - (

~ 
‘,c - c -~ rudd-”-c- wit h trailing edges

exceeds t he sea pressu re, so t hat ii there is in-aboard 4 to i c - c - h w i t h  tidihing cc- -; e Out-
any leakage ~ w il l he c c - i  r~ c - c - c - ;  out. Ti -crc was board 4 . )  Ti .‘ ‘,-:It -cticn ru rr:anlv on t he , ,
some dufl ucu lty in the Lu.i-i~rc-g ~,ards , due pc - i- kc-c~ is of lo-,;’- c- .t ~ f-IP to ru. rc - c - :e dc -ai red spe~d but
man ly to the attempt to v.ra p a str aig ht cx- v c - L rat icn coc - : c .,- s c c t . ,  is invol’c -j . On DD93 1
truded seal around a stoc k. When uc -a!~ed Class it Wc-a I c -  c- c- -~ ( l o t  o~ ti mar n rudder sett i ngs
circu lar sec i~ we re usc-a t r.ere we re no V- ’:ie::.s. for ~.;opulsicn c - c- .’,, l.’eJ unc- -, c - -pt uu Ic vibration.
These Syr.tron seals i— c - .- .c c- c -n c ,c-e rat s r ,q sa t -  T Ic-c’ rudner c - c - . ; .  :.ct t i r c - c - c .  w.c-’re ric-ciifuc--d to
is f ac tcrnI’ ~ cc - . LL I c - c - ~~~~ c- c- c - c -  c- . c - .c~~u c - , ea.- e v ibrc tc -c .u , -

. t~ -c ext c- c- c - cc- c of propulsion.
A more conser.-c - t i ve c

c-
c - i -c - . r c - c -  c - H .’ teen-i usc-c-a c-n Gun DLCI4 u c - c - . : : ;  ,: c-c-c-nc- i .ttc ui c - -c -s specc-fucall y

recent destro yers . .,r,t ’ rc-~ y !.‘ .c-c cc - a ll seol us c mnu ’,es t :qate- i c-c-u : . ‘ , ~u c ic - c - - c - c  ‘ r c - a i cc - , c - rd a
glcm d w ith pcckt r .q, a: , c - c - ‘ :c - .c - c - c - a rc -  i r s c - J -’ c- Ic -c scc- ‘ b r  comp::.c-. -c- n~cdc- . ( e e  Code 442 rudder
ship. Thus ric-ec-irus ruc-c --.’ .c-c-~ c- :.e c- , ’.ii i roi~er r c -  f i.l eo tar th e_ -c - = . .

ing upw ards a little , w:c - r ,  a c - ic - ; i : ur ic- re- c-ce c- c - u 10.3 For : ..:pa w ith  single r:qht hand
rudderstoc k henac-r.g n-c- c - c - c - cc - u.S .  Tn - c - us ty~e of ~e:l screw , there ic-c- a bc-s ic ter ’c- d .c -- nc - c- c -y t o turn-i t o pert.
has the odvor.toge of rei u . ; cc-pc-able of repa r Fcc- c.c- :c d c - c - c -’ c c - c -  r c - •~ c - c - ’, ::- ‘. c - : c - c - s c-~ t est s are
almost anywhere. sorc-.e~ c-c-es a : c- -c-c- ’ c - c - :c - u ;d ‘ - c -  : - ,c -c~ icr - c - c - c - g in ,- for

straightaway r’.- : t c . c -c - . The ruddei is then set
Sect ion 9. • Rudder Streamline Sect ions thct way wi t h  c - c -  ~sz3to:s at zcr o .

9.1 Present pr oc - Ic - c - c - c- s to specify the 10.4 Fe: ¶ , ‘. c - ’c -c- c - c c - a c - c r  t win-sc -j ew ships ,
NACA 4-digit syrc-c- rc-c- e trc - :c - s ec - c - cs .  CfL~ets cc-c TN~S model tc - :,t c- a c - c .-.- t Ic -- ca t tr:-c ’ H— c set t c - c - c -; fcc-
available in Gecoral £: ec : t ,00 t ,cc -c -s 9:::-~. The rr.ir,irr.uruc- S~ i~

c- c - c -  c - c t  t he c- c- c e c-c-i s sI c bust
f irst two digits in this 5Cn- iCS c-ne zero , c c - a the setting icr c c - :  - c - c - .  rudc-k’r c - c - c - i .  ~ c-esuc -ac -obIy
last two digits represent t n - c - c t hc-cnr r-.ess/chcrd there is on c - c - c - c u  .r c - c - cc - c -  betv ,eicn p-repeller c-nd
ratio (e.g. cn 0324 sect c- c n has t~iic kruess eq-ual rudder.
t.~ 4 .  cc-i t . e

9.2 At t he after edge , the offsets show a Section H. . A s t e , n  O perat i on
definite hall-b:eodth. The tn-ailing edge us 11.1 A atc -,ac-’u n p-er otic -n is usuc-u lly ir.ves-
spect(tec-i to be loI n, sh~ p, ncrce t i c - i s  si;;1sc-~’i ti gc -~ted orst ’~ a: s c - c - ’ ,cs ha-.- ’a-.q cc- tc-’,:ic-tary re-
Improves lift , does riot ac-3d to t i-ne cast , c- rd pro- quirerrent fur c - c - c - c - c -~ c-a stern (e .i. LCU types which
v ides a little extra s tne r .;s h ( psc .iiculc:iy ta r retr act astern -c - ) . t, ’ac-iel tests c - ne then used f cr
astern operatic-n) cc - c - c - p- ar e a w ! t c - s  a knife ec-a:e . determining c: cc - rcl !~ility, sc - ic - ce there is no

9.3 Usual pr actice is to s peci f y se cc - ::r.s rel iable theory.
at the root and tip ci’cc:d . wit h staight !.nces 11.2 Si-up s p-ced for astern operouon is
conr~-cting like r.;c - rrer cc- -n s c - c - t i c - c s.  Unless tce usually es t c - c - , a ;cd  c - c - c - ~~i i  of ti-c-c cc -e nd s i c’ed for
thickru~ss-chord rotu cs s p  and n-oct ~~e ide n c - c - c -al , the san-r e 51-ifi. t ,us is ic -s ec - I on rc-.cdei tests

• this results in a s i c - a r -c - c - i ’.- warped surface. ~.:rc -e of IFS1. If a ‘a rc - ref ined cs t irc -ate is neeced,
of the s c - pyan - c - fs hove e- .’er ccc-c-.;- lcir.ed of ti c - a , prcpu lsion teats h:ald be cc - dec - c d .
arid apparently tr.e -.~c-rp cc -n r.c- ta ken up, e~en 11.3 /~stc- ;n cpc ratc -cr . q-cr. -c u .c- lly does not
with STS or HYEO , w :tc - ,o c- .c- dul: ::-c- ity . control s c - cr c - t i c - c .  ;c- , c rc- i jenc ’roily s ccr.trol

9.4 Soc-re p rev ic us d esugc - ,s (e.g. t.~S~42 1 stee rc - r. g cc-ar cc -~’ i:c -ty. Pe:cc nt ractuce hc -s been
- Cl ass ) hc - c -i c c - n - c c - —  c - a sc - ac - -c -a Hc-s  ~ F’ :a to desiqn the ac- :.c - :rc - r ,. gea r fr- r c - i c - c - c c-i operation

(e1Ii~~e—p’urabola-hyc -e:1oic -) sec- iicn. This prac- arid lir .c -nt Suc- c - a c -  a c o tern R~ M so as ic-at to
tice was dus ccn trcu e~ - ‘-c - c - c - c - s  u r -,‘.‘cc - s learned cr c - c-i t exceed the st c- c-’r. a; cear cc ;nc- ity. “ Sus t ac-ru ed ”
the CPU section hod n- nigh neqc-iu~e prerc-s .c - c  a_ c- - c - n hl-~ ,; c- ’ c- - . t : ’ c - c- ~.o c - c - .- to zu.! i p- c - r it
peaks at large ang les 01 att ack , and would t ic - -c-s the shi p to u:nc- lu ll cste n - n RIM fr’r cn-asritc-ock.
be more likely to cav it ’ ite than the NACA sea- It should be crc - c -  c-I t t uat for as tern op erut ic ri t he
tion. hydrodyr.oc-r.ic f c - rcvs tend tO no- c-c tine rud der to

larger ang les , inc - c -  t he c~.r.ter c-f press ure is
Sect ion ~O. Ru dde r In i t ial Zero Seltinq well aft cc-f tb- c - stc’c c-c- . Acc’ c’rc-’ s uc - c - . j ly, in gc c- r.q

10.1 The rt c -~der in d.c -at cr zero in the astern with a hy-mruulic s yc t c -” ur . , when the relief
pilothous e is sor uc -eti rus es set with the rudder valve Cpc’ns , tine ru-LIen wcui.j go to hurd ov er.
not paralle l to . t he ce nt t ,r-l c -ne pl~~ie of the ship. To ovoid this , usual practice is t o specify th at
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the safe sustained astern RPI.~ tc-e cc - -c - te n- c- c -c - m ed Section 3 . Fo i rwo t e r  Pl anes and Bow , Plon es
‘tom sea trials. and that suitable wc - :rc -c -n~ plates 3.1 Pain -w ater plane s (also called s~ uI

- . e instol led planes) or bow planco are provided primarily for
11.4 Astern force and center of pressu r e co- ass isting the &t e in plc-c -es in ky, speed tine con-

eff icient for ce rt ac - ri ruc -LIer rhop ~ s o re av ac - labie in tn -cl of dept h (e.g . , 4 knots and per isco~~ ccp t l i ) .
AppendLx C of DATb.~C8A3 Report 9~3’ In cases of stern plc-rio ~arrc-ac-c-ng at ~ma II angles .

the forward planes cc-c - Id c’:e:power the after - -

B. Submo ni ne Contro l Surf aces ones cr c -d con trol depc - r ; on c -~ pitch anc - 1e. In
usu al decc - n practc -~~- - c- c. .c ev t- r , t he toi w ard

Pract ice: pIari~s a:e c-ct mode ic - - c -.~~o eroaqh to be eff ec-
Section ~ - Gene ral tuve ir. such erac -e rgc - rc -c:e s. ~Cc - c - e suLc- :c-c -arrrne

1.1 Infc;ru,ction in “Teal-c-mac-I Pract ices - epe :atcrs ase bc— v ~1=r es fo r cc - p - :r- c-r. :r.qiuc-g
Rudder Design” is app iucc-a ’o le c - to o  c - cr s~-c-- at ht~h speod, but c - c - c - u s us r.ct çe r.ec - ’c-l practice .

c - c -  nc-arir.es. /-c- d-,ac - : .crc - al  specc-c-i c - : c c-
~~ , p-c- ::c - rc-e nt AL~ .-c - ’ C T ~ .-~c-3~3 ~~~~~ - - c l _ c - c - c c -  ~cc - ::: c - : c - cc -cs-e w ith

only to suhrnarur.es, are uncluiec- ic-crc . arc-i -.‘.- • c - c -  : c -  c c - c - - -. p ac-c: , ac - a , icr her rero t .cruc . - 
‘

iinc-~ ’:’ c:c-.:Lied c - r e , -c- rc - o~J be c .c - c - c - - c - i .  c-c-- ~~~ 555
Critorioc- as b-a c - ru ; n - c - _ . ! . c -  ‘. - c - t c -  - ‘S t  c - c - c . -  cr : c i r . . a c - e :  p- ic- ru-cs s .c - c - ce
Section 2 - Stabi l ity and Control the sh.p c l - . : r ac ze rc - c - c - c -:s c-ac - rc -cc - :c-c~ -c - c - ire fine :c-~c- h

2.1 The basis intent ci sc- .~ c-u- arc- r.e control c - c - c -a th-~ cc - : . . :s c - cu c -  reocc - e~ c- .eu;ru r , cast , c- c--id
surface Cesign us to obtain ;c s c - . t c - ’.e cc-:ect ional ruc-e :n:r.ucal c c- c - .pl e. < .t ,.
sta b il ity, goo d depth and coac -se rc-eep-:ng a~il- 3.2 Bow plan-c-es , situated as far fcrv.c-crd
Ity, and goc d c bu ! ity to u n uc ~:c -e crc - i cr.ec ~ tn -a- as possi ble , Ic-ave greater putc - ic - uru~ leverage t haru
j ecto ry changes . The pr e ic - a c - c - c -~c- c r’j ces:~r. es- ~our~ate: plc - c - c - es. In sc - c -c rc- fc c-w a rd icoct ions
t in-nates of reg urred co r .t ro l s ac - c - c c - e s cc -c - general- bow planes have hod to cc-c sto~-.-ed by foiiinc-~ly tested by [T~~3, cc i oa ; as : . c -  c - c - c - c - s c - c - cc - c e as or ro t c - cc - ru g, since tr ,c ’ .r catreac ’n wcau lc-i n-r ax~-
necessary- After n-c-c- in c-c- un-nc- regnac - :e— er.s s c-re c- ret , l-.ar3 L-.; ct doc ks ar.a r~cst:c - .~ ;u:te d:fu:cu .t
there Is the pro: eun oi ‘r,cvc- rr,a cc- . c~c c-’e : to n-rake oac- d cisc - to ~vcr d p c - c - . c - c - : c-. .~ .v herc- surtacec- iii o
- ~~~‘ - S . 1  .Ic- , ~~~~ -. - - D _ , _ .  ~~~~~~ c - c - c - -c-
idCLf l .Mc- t .c - . . .c -..t . c - . .~~~ ..J 

~~~~
. ~~~~~~ — - .. — ,  - - - - . ‘ . - - - c- -

matter of degn-ce c c cc- rc- :c~ ao c - c - : t ’j. u_ es c - grn an~ ~njo ) cci i icr :u .c - -.~;~ec - ~~~~~ ~~~~~~~~~~ tO
4ec is lon ir,’,-o lves )uigrr-.er.t , e ,p ~c-ience, cc-id corn- release the vc - ILc - r.e s;c-ce c - c - -~- c - ; J  t a r  sc - rc - cr
,j rotnisc re bc - c - i c -- .~ to t he s p o c - c - : . c  - : ;c -e . arid torpedo-es. Fcic--~c c - en - p-lanes cutreac h us

2.2 Stabi lity cc-i ccntrci are design re- usually kc p-c - w :c - c - c - r .  c-c- c-xc - rr .ac -m huil dc-c-rens ions ,
quirerrents for cc- .e~ci cp-~c- :uc - .c n. su ic-c-red arid s ues- crc -i rolling alor.qz:c-& a dc-c-nc us also ccrnsc - c- c -c~red L
merged. Astern c - p- ero t ic - n c -s genera l l y ga:te (e.g. ,see Code 442 : c - l c -  f cc -  SS~~

) 59 7). Fcc- r-
unstable , and we accept whatever ccru c-es out of water places are c - r ,cc - :entc - l t y used as a qcru rA’ay
t he desi gn that has been based on aic-ead opera- for access , Sockets :cr p-c:tab!e s t cc - c - cc - ’ c - cr ,s nc-c-re
t ion . fitted w ith fc c-c -ed p- a;s icr o per os.c - n at sea .

2.3 Basic theory for sc-.±rrartne stability 3.3 The Ieaiir. ; edge is usual ly raked
and control us ovculable an t r,e Taylor !~:c - e l so as to deflect c - c - c - ru e cables . There rs no f ixed
Basin lecture not es “The Cvc - c -a rc -c - c - c i St acui uty proc-lice cci whether tips should ic-c- squace
of Submarines” by M. A. A~ ::.-..c - z , June 1949. (cl-c-ec er crc-i c-c-c-re l c - f t )  or rounded (co st ic -er , 

~~~

‘

Another very gccd source cf ~tc- :c - 1c - ty  cc - c - I acri- less lilt , s;c-uc-e-Nhot quieter). 
—

t rot practi ce is c - n TI.’B re p e rts c -rn nc - c - de l tests 3.4 In corn put c -c -c -g :c-:ces crud centers of
and lull scale e’.-a ic - c - -atc - c - r l  ci ~; ec - c - t c - c  ae c - . c - c -~~c - c - s .  pressu r e, the cinc- 1e ,c-c- : c - t n - c - c - k is tanc e n- c - as t he
These re;-oc - tc - c - gc - r t - ra~iy ic - c - Ic - c - c -  c ’c- r , sc - ccc c - a~Ie plane crr~!e. (Uc- 1c-~c ~udicr Design Pn-act uce,
d lscus su cn of dc -s ian suitc- ic-il:ty in c c - ic - c - c - c - n to Sec ti c ri 3-3 , the div ; r.c- c- p - icc -c -es can be operating
test ~~ta. wit h rio dr if t angle tedc - .c -ctucn. ) Tn--c usual plane

2.4 Perforc -r .cnce req u i rements Icr autorr.atic or.;be is Ic -c -sa ted to 20 or 25 ;  based on est i-
or sern t-auton ;ac-c-c-c-’ cor.c:cl s , sc - c rc - s ~ e rp-- ’c::i~ d in mated stall. -

te rr :s of ‘ren- : ntc - ;e c i tc - c - e ‘.‘.-c-t hun 5 :ac - c b c - r i ”  3.5 F’oizwoter or bow plane tilting rate
at p~~ttc u !ar n - p cci (o.,~. ~c - ru c - s ) c-ac-i k-’e~ a- c - p- c- r i is usuall y taken equal to that for the stern
(perisc ope itc ;-ttc - l a .-. a p.c -~ t c - cu~~ cc - c -  s : c - : c -c- . c- c- rc- pu-te r planes . -
studies usi r~ model data arc :~ -s c-a DTt. ’ c- to 3.6 The height of ( c - c - c - wa ter  pla ces is of con-
deter mine the pfa ctIc3llty of cr c -c specif ication. s iderab le irc - pertc - nce . S~ c- c-

~~ ) t C 3  arid 616 CLa , c - o
planes are c - Lout (c -un- fc c - c -  c - i c - c - c r  ( rel u rt ic -e to optics
and e !ectrc-n c- ’:c - c - c- . i : .s I i c - a n  ~ 3(~~) ~~‘3 Cla s s . Thus
has led to ,~r c - ac - t~r ,i::tc -c-ult.cs in p.c - -ri~ c-- .,pc - Jcp th

4 
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control is a sea~eay than Icr 508 Clac-~~. The scpcra- the limit on Elcnc- tric Boat Divic-,i c-n’s build ing
I ~ 

Lion bet -’ .-een ~ c- ru..c - ..’c - c-e un-i c - - i c - r ---- c- icr planes on ways. This r. pu iu cxtcnds beyon d t i e  nc-uxamuin
SS(N) 585 Ciuss u s I - -- c - ur s aatt :. t -ac - t ’~ry - As an ev per i- beam (pressure hull dic-ric-oter - 33’-O”) , but is
ment, bow plc - n- c- i -a hr~c icc-nc- irnita licd on SSEI(~l) necessary for stabilit y and co nt iol. Portal ic out-
626. Eva luat b c - i  ti.uo fur us not conclusive since board sections of stabil izers or e pe ru rc- iss c -ble
there ore some sub jective f actors c-nd the seaway whe re necessary f or building ways clea rance.
invo lves a varia ble test environment. 4 4  Stern plane tilt inq rate is generally

- specifie d as 5 /scc. rnininc-unu, to i r c c --v ide ode-
Section 4 — Ste r n Pl one s o nJ Stabi l izers quote contro l labi li ty, and lO’/c- c- c-:. max i mu m ,

4 .1 The area needed at the ster n for to minimize the icquired capc.c-c itj of the hydr aulic
stability in the vert ical ~ic-c - C i-c- de tc -z mm ned by system. A mdc -  i c - -fi ned specification is shown
theoey (Code 421 las the i.~ ,t inc- formation on in the Preli m inary L)c-ctgn sect ioni cii techn i ca l
prediction mrc-ethc-ds ) cad rrodci test. The area practices (or hyJnc-~mnonnuca. T Ic- -: nc-c-st re l ic- tic - Ic
Is usuo lly too Ian-ge to be ri- c-ide all-movable , so method of sp~c ify irg ste-rn plaric- rate is Iron a
part of at is in~tulied as a fixed sta bi l izer , computer stud~ of h a  ef fect on traj ectories or
At ti.nses f i.xed cc-rca is inserted on sha f t lines of depth control in a seaway.
tw in screw s ulas (e.g. , SS(~~)S7 l ) . 4.5 Since the stern plar.c-rc- c-ce vital for

4.2 As with ~ow p lanes, the angle of depth control , particular er. uphn-c-sns us plc-cod on
attack is taken equal to the place angle , wit h- minimizing corrosion of the stoc~s. We require
out any drift ccrn-ectior .s . The tcrce cad center protective coat irc-qc- on exposed portions, and

I - of pressure dete n-c - ; c- r .c- ic -c n for the stern place there is a routine requirement for periodic in-
plus stabilizer coc-c- .c n.nation us lengthy and corn- spection. At present this problem is not sotus-
plex. The best sources of farce and tcrque factori ly solved. Nc-c--w coatings are being trio-i,
Information aie the Code 442 file , “Rudders cnd we keep Lp- .- . i t t u i c - c  latest ser’.- ucc - e :- c - p- c - rio c - nce
and Diving Planes SSE(~~€~8” (which includes cot unnabi e Iron-n t c - e  Su: :c - .ar ic - c -c Ship Typc- bc-ac -c -oh .
reference iroterucl) , and :ecent research repcrts
by Georgia Institute of Technology on-i ‘V’ iii d Sect i on 5 - Rud d cr ~Tun ic-el Irw esti gat :cn of the Li tact of a Simulated 5.1 The dc-sign of subrnarurc rudders is
Submarine Hull on the Aerc~iyrc-arnic Charocteris- generally the soc - icc c-a covered in “Tech:c-ncnl
tics of A11-h’~-,-c -c - bI e Control Sum ac -es Having Practices - A , Rudoer £es iQn”.T ic - o ou-;r.iiicant
!!.~CA O~!~ 

c- -a  
~~~~ “ ~ c - c - c -~ . :;c-c-~c- daf fcx noca or: d :: c -ac - :c c : ~:f: -’-

~95~ and by U. c-i h:ary iand cn ‘ c - Vcind Tunnel 5.2 A top- s lo e ruoder is in a u-ow s-.-nicn
Investigation of the Characteristics of a has been dis t ur bc d by the sail c- ic- i suters:ructure.
Flapped Control S c-c-x :cc-e Mounted cri a Simu lated ThI s was f i rst dc-c -c - .c rs t rated iy a -,- -c -a gc survey
Submarine Hul l” dc-ned June 1959. These repo rts on a model of SSL~(N)€I~ . Ac c c -o rc:s .~ly, the t o p —

aie avai lable an Cc -c e 442 f i~e “Fluid Me- side rudder is nc-I very elfect ive for s tc r i t c - t y ,  $
ciunics - Control s w -fac es ” . where small angles an-c involved , even though

4. 3 The plor.i::c-c-c- cr. i loc ac - ton of stern quite effective for turning. A large faxed stool
plane and sto~n li:er ore selected with the tot- suppo rt for the up-p-er rudder was nc-c-ed on-i SSR
Io~inq considerations an adic -ti c-o n to conventiona l (N)608, to get t he uppen- rudder inc-o a cleaner
byda-odynamuc e f l i o : e c - c - c - c - yc -  flow region.

- (a) The leading edcc- e rake should be 5.3 A dorsal rudder (see j ian ACSSSB9-
such as to deflect mine cables , c- n- else the 800-1934050 is a tlap on the aftt - r end ci the
shape should permit at c -ach c - n ; catl e guards. sail , designed to reduce sna p roll an s u brc -ner-; ed

(b) Ample fcn~ c-c-c-c- rc- dc-c - f t  c learance from turns. As a s ub c -c -c - cr ic -c -e goes unto a tuc--ru, the
the propeller should be rc-air.t u&ned, to mu n:c - c - iz e ang le of attack on t ic -c s c - t i  would produce lift
noise and vtl c- rut icn. Clea r ance is measure d from causing large in’— . uu d heel. Tine d~.a c- c - ol ru- I c -el
the centerline- c - f nc - ; :c l lec -  I- ic -c -c c-i tr.e 0. 7 sc- u -ca to intr od uces a oarn±er which reduces the an-
the 1eaiu rc - c -~ ~~c-~ ’;c - ci i c - c - - c -  c c - c c - r d  surta , e , arid c- s cc -crc - c- des irable l i f t  on the sail. T ic -c - c- i r .c-j the mov en~~nt
din-.onsicnal ic-c-e- i c-c- ~.c- ron - co  ci ~ec - c - e nt o f propeher of the dorsal and conventiona l ruiiers is ic - n r- c-c-r- 

- 
-

diameter. tan-it in ac hievin g this. Dorsal ruddec-- are st :ll
(c) Span should be limited so as to consi dered ex perum entri l, and USS ALL -’ACORE

facilitate nesting, cc-a m irs g alongside a dock, (AGSSS~~) repre s ents the on ly a -plic -ac -ciori at

r and for larger subs t~ increase the number of present.
dtyd ocks ani builc-ur.g ways that can be used. 5.4 For AGSS 555 rudder ploti nq and st i f f -
The SSB(N)6C8 stern pla nes and sta bil i2er eners are of h o c -c -g lass re in - c- c- c-a n-cc ] ; - l c - s c i c - .  Ruiic-rs
have an over-a l l span o f 40’ -4” . w hich is about w ere fabricat ed by F, public Avnaticn Corp. for

153

- 
- .  

-

L— ..~~~~~_~~~~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r - 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1~ortsmout h Nav o~ Shipyard , and are fille d with syn- 2 ‘,t’ T -

tactic foa-n. In this applicci tion fa irl y thick rudders . 1000 si n lbs/sq. ft. where
NAC A 0020. are speci f ied in order to provide buoy- 0. 2

- 
ancy. Service exper ience is desirable befo re further T varies from 0 to 0. 2 seconds
application s.

7.2 The 1000 p. s . I. comes from a 1924 Ports-
Sect Ion 6 - initia l Zero Setting s mouth analysis of casual ties to bow and ste rn planesc- j

6. 1 The divin g plane initial settin gs Invo lve of the 5-48 to 51 and f - i  to 3 class es , due to pound-

Indicator zero even thou gh planes rc-uoy be tilted tel- Ing In a seawa y - Althou gh it is reco gnized that sea

ative to basel ine. Settin gs are 5elected on the sLa p can be sever al times greater than 1000 p. a. 1.
basis of model tests so as to produce s te ady fl ight it is implicitl y ass ume d that in von-,’ rou gh weather .4 -

at constant depth at significant speeds. A small the submarine will sub merge.
hull angle is generally accepted rather tha n take the
higher platte drag needed icr zero Loot angle. For Section 8 Bea ri ng s
exorr.pl e, on USS Tr iton (SSi~(N)~- ’3~o) tr . e bow planes 8. 1 Departures from practice listed in “ Tech- — -

we set parallel to base line . tc -ne stabilize rs and nical Practices - Rudder Design” are as follow s : ‘

stern planes care set one—bc-li degree rise , and the (a) Lo rni nrrted pheno lac bearin gs are not —

estimate d hull angle is one deg ree down (at riugh er commonly used on sub ma rines.

speeds ) . (b) Anti-friction (roll er) bearing s are not

6. 2 On single sc rew sub s the stern planes used for radic al loads. Gun mctol and cobalt hose

and rudders are als o set at on angle so as to coun- alloy (such cs n-node by the Stoody Co.) are the us-

teract the propeller torque . Theoret ically the set- ual materials fo r radi al load ing .

ting is independent of ship spec-i, since control sur- (c) Rudder carrier hearings take thrust in-i

face lift and also prop eller to n -g -c e are Lath propor- a free-flooding space. They are mode of nc-ckcl-cop-

tional to square of speed. (Soc -c e on-o rc- o~ous results , per s i licon alloy (S-ri-.onel or utso of nickel copper

reported by Portsr-outh from Buc- lders in -c -c - Is of USS aluminum alloy K-Morel) . A tyinicci i nst c -c - rllotu c -rn us

~5AR3EL (SS5~0) are not co ns idered in s et t ing con- shown in plan ~SR~~) SS5 - 5l 9—l 7 l75~3. Less costly

tzols for si ng le screw boats). These set t u rc -gs for mate rials have been tried in the past but did not

counteract ing propeller torque are in t he ri gn t direc- give satisfactor y service.

t l:~ fo: ::: ~~; :: .- :csz ~: ~hs ; : :; :Mc:: :f~
ci theta . c-irie stern plane arc - j t es  c - or counterin g pro— Sec ti o n S - FiU ng Moier a

pellet torque ac -e corcE~rc-cJ c- Ic-ehraicaUy with those 9. 1 Until cL-out 1957 the only filling mutetical

for fl ight ct constori t Jc p- t c - 1- Cc- i 5S3j~ ) ~~ c~:ss , for submarine control surfaces was wood, plus hot
with a sin gle right-han-c-I propeller , the net result was vegetable pitch to till interst ices.
to require the port stern plai .e to be set at 2 3)’ 9. 2 Present pract ice ul ,~o tc -ermits use of r’

dive, the star boar d s tern plane at 0 30’ dive , t he foamed- in place plastics , which cc- C expected to he

upper rudder l trailing edge to port , cc -d t he lower cheaper. In order to get high crushing stre ngth cs

rudder P tra i ling edge to s t ar boc - rd . needed f or deep sc~~c - c :c e n c e , the c-aensl ty c-nd the

- 
water o bsor pt ncn ci the plc - c - tic m ust be carefully

‘1 Sect ion 7 - Sei~ Sk p se lected.
7. 1 The practice is to assu me thai waves act-

ing on exposed con trol sur fa ce s are eouuvaler.t to a Section ~O - X -Ster n
static urufornr. lccc-I of 1000 pou nds per ~guare foot. 10. 1 The x- ste rn of AL PACOR E has been

Under this lccic c - .g n r c - c  Ship S pc: c - fc - c - c - r :c r s  usually tested, arid r c - a u fc -  - - - c - c - c  available in !crmal DTMI3

Indicate that c lassified r e p - o :ts .  Ic - c brief , t ine x c -~c - n e r n c -

(a) Structure may be stressed up to the (a) solves the problem of getting adequate

yield poInt (this par ticul arl y involves torque keys rudd er ef f ec t ivenes s .-. ithc-ut exceeding hull block
arid keyways) - 

dimens ions ,
(b) The con trol surface to rque may exceed (b) provides increased sa f ety in case one

hydraulic gear cnc-r,’aci ty ( ltc- ’cauce of the long lever rota jams hard c-.-cc - (
~ 

DIMP !etter noted m i  1. 1) ‘

arts to sea slop center of pre~,siue ). (c) odds so n-ce co oc - ptc ’x i ty  to t im e ccnuols ,

In that cc-~e, poppi rn-; tha rel ief valve is ac- (d) p rovid ed c- crc - -ii- .- ic - g p lane ef f ect ive- -
c-

ceptoble. On 5~(~ )5g7 the LIc -ot ric E3oat Liv isi on - ness than desn nable st high Sp-t c - c -S .

rn -ide a com puter analys is of the response of the hy-
dra ulic sys tem to su ch tran sien t b u n -i. For th a t S.ct ion 11 Dive Brakes

1purpose we cr f it r a r n ly ir,-iacatec- i trot the loading 11 .1  D . c -  L- c -j kcc - were ic -st e 1 at sea as p-c - it

could be token as of the A LBAC CFIE c - c - i c c - c  3 C c - c - c - c - . tc - i S iOf l  t m i . i k .  LTMB
Confidenti al L uer hq-ert 0)Cd~t ALI3ACO1~L (5-~n :

~_.#
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525 gives resu lts. In brief, the brakes make an ap- -

I preciabl e cont ri bution to decelerat ion . In-i future do-
s igns , it wi ll be desirable to obtain a com puter -
prediction of emergency recover f tra j ectories for

f var ious dive brake confi gurations before ordering
I. Insta l lation.
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APPENDIX G

Computer Program Documentat ion for Rudder and Fairwater Plane Design
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Descr i pt i on

A . Pur po se

The ; c - ur p ose of  t h i s  ~ro g rarn is  to a i d  the desi gner in the d es i qn of rudJ ers
a n d  f a i r~.- c - s t c r  p l a n e s .  In p a r t i c u l a r  tn e p r c n r c - c -~ c- ac - es t i c - n ’ f o l l c , - ,•i ing th~~rigs :

1 . G -ien an i n it i a l  c-~eo- - c - t r i c  cc r if i g ura t i -c-n t t l e  pr ogram d e t e r m i n e s  a stock
l o c a t i o n  ~rd s t c c - c k  d ian~ ter -.- ,- n i c h Hni rni zes the differences bet~.een the posi t i ve
ar ~ r - ega tJ -ie t a r :j es .

2 .  n urH~ t - ’ i s  prucess tne prog rarni a l s o  d e t e r m i n e s  r eac t i on  fo r ces  a t  the
b e a r i ry ;  ~~~ p- i r . ts  ther~ ou t .

B. n erer al ~‘ethod
4

The ge nera l p h i l o s o p h y of the c a l c u l a t i o n s  in th is  program is the r’ i n in iza-
t i o n s  of the d i f f e r e n c e  bet ~:eeri the r’o s t  pos t i ve  torques and c-m~~ t nega t i ve
t c r q u es .  T rnese torques are c a l c u l a t e d  at d i f f e r e n t  d e f l e c t i c r u  ang les of the
control surf ace and the lar gest p os i t iv e ore s cor’pared .- . i t h the c--~c- st negative
one. The stock locat ion , ~.n icr u cc - i v es trn e aiff erer ice , hi ~ n is less t r a n  some
fixed ep si lon , is the a -i s - er. Wi th each stock loca t ic - c -n and the torqLes comput-
ed , e-’ appropria te stock d i a~eter is determin ed. Tru e det ai ls are son’ewhat more
complicated than this brief out l ine ind icates.
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Product i on D e t a i l s

A. P rog ram R e s t r i c t i o n s

1 . The number of d e f l e c t i o n  ang les must be = 20.

2. The numbe r of i t e r a t i o n s  must be = 50.

3. A realistic in i t i a l  geometric configuration must be used .
a zero in i t i a l  stock diameter cannot be used.

L4 The program uses (l563)
~~ 

storaqe locatio ns. The program
break occurs at (1

~
72)
~o. 

The conc-mon break occurs at (751
~
l3 )8.

5. Give n one in i t i a l  confi guration (one set of data) , the
4 program wi l l  make 5 iterations in at most 5 centi hours .

6. Due to the nature of the problem and the method of false
position mr-any more than 8 iteration s w i l l  probabl y g ive incorrect .
resul t.s .

7. The program wi l l  handle more than one set of data at a time .
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RHO Density lb-sec ’/ft ~

‘ 
E13 7

V Velocity (,~a~ots) E13.7
DR13P-T Initial Distance from Root to

1/3 Puint of Bz~g. 
c-

+ if :- nb~ard or Root
- If 0t~tboard of Root ~r t .)  E],3.7

CaDd 12 8TH Stock Sleeve Thickness ( in.)  E13.7
SPHD Spherical Die.rnet-er Factor E13..7
PT Progran, co~pute~ to nearest

Pt . Inches ~, fee ’c) - O / O ’7 / 67 ’ (!/~ E13.7

Card 13 NDEL Number of Deflection Angles 114
NT Max , Nur~.ber oi Iteratione 1k
NT]. Spare 0 114
NF/tP = 0 Sc!1~iared TIp

= 3. F~.ired Tip Ill
NSS = 0 ConsIder Sea Slap

= 3. Don ’t ConsIder Sea Slap 114
NCN = 0 Calculate CN 1

1. Rc~d in CNLOW and CNH 1 and
In~erpo1ate for CMI 14

Card 14 NIR ~ 0 fo.c-,’ Rudder calculations ~~
~ 1 for Fairwater Planes -c - - -—c- -1 4  /R.

NDO Spare~~~O 114
lIX1 Sp a r e = O  14
NX2 Spare 0 114

- ;  NX3 Spare= 0 Ill
NX4 Spare = 0 Ill

4 J

Cords 15 ADEL(NDEL) N1~~L t~f1ectIon Angle-3 (dcg~ees) 6~13.70, 7 / ‘Y,c-2/ ,,2$, 3~~ d.~( f r r ~4JiiiJ
- Card3 16 CLLOU(NDEL) ND~L Lo~z Lift Coefficients 6E13.7 
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- For~nat

Carda 17 CLHI(NDEL) NDEL High Lift Coefficients 6E13 7

Cards i8 CDL OW(NDEL ) NDEL L~w Drag Coefficient s 6E13.7

Car’ls 19 CtH I~ NDE t1 ) NDE L High Drzig Coeffic ients 6E13.7

If N C N = l

Cards 20 CNLOW (NDEL) NDEL Low Normal Force Coeff, 6E13.7

Cards 21 CNHI(NDEL ) NDEL High Normal Force Coeff. 6El3.7

Go to Carda 22

If_ NCN = 0

- 

Cards 22 CPLOW(NDEL) NDEL Low CP Coeff. 6E]3.7

Cardn 23 CPHI(NDEL ) NDEL High CP Coeff. 6E13.7

Cardz 24 OMEGA? Lo~, Angle f or Coeff, (deg ) E13.7
OI4EC-A2 HIgh Angle for Coeff’. (deg,) 1~13c-7

‘1

A- - 1  
_ _ _  

_ _ _  

-- 

c-~ —

~~~~~~~~~~~

~~~-~~~~~~~ - . c -~~~~~~~~~~ - . c - c -I~~T~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-19-

E. Pigu re l  - Ri,dder or Fairwater Plane
Th tip m ay be faired or squared.

~~Hu11 Slope Angle
~~~~~~ ( Line parallel to Ship Center Line 

___________ _ _ _ _ _ _- c - - c -  -c-- - -- - ---- _—

/ c - c- / —
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- Bcaring

I‘0 II - 
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.1 -
— -~~~~4 q-4 .~4

C-i
I v
j g

~~~~ 
TIp 

-

.

Note: Near Bearing ~~~~~~~y be insid.~ or outside of Root . Other
b~ *ringa not sho~zn in th~a ~~~~~~~ Center of pres5ure and
center of are a are defined f~’oc~ the geometry .
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40(3. 1DL A I i I ( I ) , ( ) I F ( 1 ) ,I - ~1 ,NL )

- 
409 .  4747 FO Rt ’A T ( 1 I~1~~~x , ;~1HTHt FINA L A NS~JERS AR E/ / /51x ,
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‘+13. 4 ( 1 9X , L 1 5 . R .~~ c-~X , L 1 5 . 3 , 2 2 X , L 1 5 . 8  ) - ) -

‘4 14 .  w R I T E  O U T P U T  I A Z ’ E  2 ,7d2 ~!, ( X S T ( I) , I~~1. r-IL
4 15. 
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~3 HSTOCK f l I A~-’ET I  p ( INC~~FS)14 (10 .  
- 

32H ~~ E 1~. • 8 / / 4 X  ‘4  1HDI STA?J CE ( O N  P [AN C HC! c -’D)  LEA G INC EDuE TO
‘“ +1. 4 1 Y I I S T O C K  CL ( I Nc f t ~ ;) :E15.3//3X ,2~~p D I 5 TA p C E  con M EA N  CHORD )
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Computer Program Documentation for Stern Plane Design
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DJ~SCRIFTTON

A. Purpose

The purpose of the prc~ ram i.s to give the fova i Arch itectterc :

Department a too]. by uhlch they can ohtai.n otn~ n plane 5~~n~ in

the niininur.i time at the m inimum co~i ~

~~. General !~ethod

In general , the method of finding the optimm~rn stock location

fol1o~is the following pi cc~1ure :

(i) An inItial geunetric configuration i~ determined by the

Naval Architecture Department. At the same time they determi ne

the speed of the ship and other phyi i.cal constants.

(2) Given initial lift and hinge mor~ent coefficients (or

2.iste of hir~e moment and l ift coefficients) the nro~ram c.yrives

at corrected coefficients. The corrected coefficients may also

be “re ad in” in which ciise the pro~~’am nkips over the correction

phace and ju st determ~nes the torquc~ and unbalance.

(3) With the eo~rccted coefficients and th~ initial geometry

the program determines o.n initial unbalance.

(1~) The program incrcincnt~ the original otoci: location and

determines a zecond geometry and unbalance.

(5) UoIng the previous t~:o unbalances and stock locations
the program dotcrminc~ a new geometry and stock location.

(6) The procram rep~atB (5) until the unbalance is less thcn

some “ read in ” epsilon . It durir~g ctcp~ (3)  or (l~) the p~o~ ram

4 ‘arrives at a small enough unbalance it accepts that gcometvy as

thc ans~:er.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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..J F. Plow Charts

Flow Chart main program “Stern Plane”

1~’
~~~~~~~~~ 

1Multipliers 

\ ~~~~~~~~~~~~~~~ 

1

Yes

______ is Taper
Ratio

_ _  
\ _______

QflB.taZLtSJ k~on~pu~eI \ ~ RATU a~~a
‘I ‘t Ifunction ofInitialize \ IZLAM fio~nGeometry \ Ibuilt-in

~I) \~~
(R~ã1 in
I Control

(i~ ia in
IDimenaion

\
~~~ ~~ —

____A’

~

E

H 
_ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~ ~



~ 
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7_~~~
_
~~_=~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I Wrtte out/ ERAP*
\~~ Table

- 

N3ET 2
)~MODE NSUB 0

Call
0fl~Q~E

NS1~T 1
13Ub 0
Call

E _ _ _ _ _ _ _ _ _ _  

OP~1ODE
Write

~~~~ _____  ______

T L 1

20 ____ 

______

_
________

—
~~~~~~~~~--Make various

computations
to obtain 1st
corr~cttonc
to Coeffs.

ICorreet H.ingo 1
~fomer~t and
ILi f t
~ocff to tent 3

h ake stream-
line curva-
correct~ ona
to

Q Cost ticicntsA 
~ o~~~~~~pota1
4ft Force &
!ydrodyn ~niic
L’orgue (QH )

I. -~~Compu te :Mor’inal
~orco and
tFriotion Porcet -~nd Friction
~~r~u~~LQ.~.L_! T h~tri~r 1  —

~Allowance 3
~ orque (QA) ,
~n4.. t�~t .To r~i’

b ’3
t I

Ti~iTiT~
—

~~ 
_ L  -. — 

- TT1 ii
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(;~J _ I_
Ptcki~~~

’e3t
Torque(QH QP QA)r

Pic~k most negative
of

—

•~~QJi Q.P QA )m 5 .
—

_

_
,~~~~ .-,O

Obtain new
trom “Fal3e
Position” using
last two C~ ’8
a~ d DIP ’ e
- 

~A~~uo~4 ~ eometry

-~~ ~~~~~~~~
/ -Lh 1 

____-
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Flow Chart for Subroutine OPMODE

Program
Write Out:
BRR (J) , DEL(M
ALPE J,fl

________________  
SLIIi J,?I

1 Test 0.0 CLEE J,M
Compute: CLRAT J)

I EELL(J,M
[J~LPE ( J ,

c~~~~~j )

_ _ _ _  _ _ _I 
)

Write Out :
ADL J J M ,NU +

~~~ 
2 ET-1

Look up CLTN(J ,M)
using Subr.TABLØk~ anaTABLES ADL(J ,M ,F W) and
CLW(J ,M ,N~J)

+
Test

• Write Write 0ut~C~moute : DRR(,7),DrL(I4)
cLE~ (J ,M) A LPE J ,M
CLRAT(J) SUfl J ,M

CLEE J ,I1 ,

4 ~j  cU~AT(J )
Return
to Main

Compute:
a CLEItAT(I,J)1. - 

- -
~~~ 

—
~~~~ 

-.__ -- - 

&j~~-: 
_ _

- T~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~
— 

—- 
— — 

-
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2

Compu~~~1XTEST

UB=
rite TEST 0
rror 1sf -CLN(J ,M,NU
eturn to
am Pro

T1 +

[!~Mu1+1 J Ui(J,I1,NU+

-10

CL(I,J,M) (~1)

= XTEST I
Look up cH(I ,J ,M) from
CL(I,J,?.1) using Subrout. BS(I) L( J~M)
TABI$~K and TABLES CH~1 

Cl-I I,J,M)

~ ti iw) and CLII J ,M J NU

1
Return to
Main Program

4 L
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Flow Chart for Subroutine TABIØX

I~~~~~i main program. TEST~~~ O.O 1n
1S1 s1+1 main program. NIL = Number

A of elements In table.

Iflfo.
~~~~~~~~~~~~~~~~;s~end

Ascend
4 ’

+ COWl- -

COMV(NI L 4j

_ _ _ _ _ _  LOL=1

~~~ L~ ( L0<~~~

___________________________
/Write ~\f- ~ Error Inf o,)

~~~ 1ANS =

‘1 [TABLv ( LoL÷i)f~ 
_ _ _ _ _ _ _ _ _ _ _ _ _- I Linearly ~~Interpolated f~ Interpolate IValue I

B
0 E

COMV-
Descend COZ~1V(NIL A LOL LOLF 1

0 —

COWl- - OWl- +
LOL=’l CcO; -w(LOL CCOMV ELOIjFl

A D

L - ~~ ~~~~~~~ ~~ -
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U 0. Programmed and Mathetaatical Notation

Mathematical Programmed
- Notation Notation

e Attack Angle ALPE(JIM)

~~~~~~~~ A n-j ie-. f ~- ~~~~~~ ~~~~~~ EELL(J ,M)

Lift Total Lift ZLIPT(M)

Hythodynamic Torque QB(M)

Cr~ Normal Force Coefficient CNFc (M)

Fflf Normal Force FNFC(M)

Friction Torque QF~4)

Allowance Torque QA(M)

Qf+QH+QA Upsetting tioment CMONU (14)

Restoring Moment CMO14R(M)

¶Ene FORTRAN expressions for the other variables are found

where the variable appears in this report.

H.

‘1 Physical During
Euan~~t In~ut Output Execution

Lengths As listed on Output Feet
(0eo~etric)
Lengths (Arias)As listed on Output Inches

Areas As listed on Output (Feet)2

Speed As listed on Output Pt/sec.

Angles As listed on Output Degrees

D~ns1ty As listed on Output th._sec,2/Ftk

Forces As h ated Lbs. Lbs .
on 0utpu-~

4 Torques As listed Lbn.-I’~ch Lb.—inch
on Output

/
I t.  ~~~~~~ .~~L ~~~~~~~~~~~~~~~~~~~~~~~~~

- ~~~~~~

—

~~

--—---
~~~
. — -. -

~~~
—

~ :~ -- —
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~~ I. Definition o~’ Data Variables

Format

Card 1 Title 72 BCI) Characters 12A6

Card 2 Title 72 BCD Characters l2A6

Card 3 AP Plane Area (Sq,rrt) E13.7
AT Total Area (Sq.Ft ) E13,7
AF Initial Flap Area (Zq~Ft) ~l3~7
O~1E~A S~eot Angle of i/~ Cbor-1 (D~g,) E13.7

Chord Forward of Stock (Feet) El3,7

Card k CF Chord Aft of Stock (Feet) E13,7
CT Tip Chord (Feet) E13.7
CR Root Chord (Feet) E1307
S Span (Feet) E13.7
SF Span of Flap (Feet) E13.7

Card 5 ARE Aspect Ratio El3.7
V Speed (Knots ) E13.7
R h O Density o~ Sa?t Water

( L . _sec.d/rt~ ) E] .3, 7
~) 

1~C~~(/C~ £13.7 .
?L1I Trailing Edge Angle (Degrees) E1347

Card 6 AU Friction Coefficient K13.7
FIAD Weighted Radiou~ ~.Inches ) E13,7
A3.~ FAC Allowance Factor for Computing

Ahlo~anco Torquo E13.7
CFXNC Initial L~CF (Feet) E1347

Spar~ El3~7
Card 7 EPSLOI ~alai~ce Epsilon (Lb.-1n1. ) E13,7

Si Spare El3~7
S2 Spare E13,7
83 Spare E13.7
A:3PARE Spare £13.7

Card 8 S?FCRA Span for Changing Area (Feet) £13.7

Card 9 !IYDFS Number of Y/(b/2) Stations ‘ 15Pr Maximum Number of Itcration3 15
HDEL1 Total Number of Daflection

- Angles 15
tThf ODE = 0 LIft and Hinge Moment )

CoeffIcien~~ obtained from
Input Points

1 Coet’fieient:3 Read In 15w
13DET. NuL~bor of Deflection Angles Uused4 to get first Approx~~ation to

CoefficIents 15

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _— ~- - - —-.-— 

—.~~~~.—~~ ——————.——-———.— - ———— -- —.——---—

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

_
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- __,

2k
Format

Card 10 YDBS(I) Y/(b/~ ) I = 1,NYDBS 5El3.7

id NI’ = 0 If NT 0 fill in cards 11-1k, 1k becomes
last data. card

If NT ~ 0 ~ iit cards ll-1~, fill in ic 
- ~~‘

.

through end of &Iata

Card 1]. BRR(J) Balance Ratios 3 = 1,3 3El3.7

Card 12 DEL(M) Deflection Angles (deg.) 5E13.7
f l  = l,NDEL1

Card 13 CLBL(lO Fin~1 Lift Coefficients 5E13.7
= l,IIDEL1

Card 1k CRBL(1.1) Final Hinge Moment Coefficients 5E13..7
M = 1,NDEL1

Go to Final Calculations

N T / O

Card 15 BRR(3) Balance RatIos 3 = 1,3 3E13.7

Card i.6 ADEL (J) a~ 3 = 1,3 3E~3.7

Card 17 CSLA(3) Cg~ J = 1,3 3E13.7

Card 18 DEL(N) Deflection Angles 5E13,7
K = 1,NDELI.

If NMODE = 1, fill in cards 19, 20, 21 - 21 becomes (
~~~last data card

- 

If NMODE 0, omit card s 19 through ~~~~~~~, fill In cards -i
22A , 22B, 22C and cards in set 23

Card 19 CLIN(J ,M) First Approximation to Lift 14E13.7
Coefficients M = ~~,NDEL; J :-~ 1,3

Card 20 CL(I ,J ,M) Lift Coefficients M 1,NDEL1; 6E13.7
I = 1 ,NYDBS~~J = 1 ,3

Card 21 CH(I, 3,M) Hinge Moment Coefficients 6i~i3.7
H = l,NDELJ ; I = l,NIDBS ; 3 = 1,3

Cards NUMPTS Number of Points on Input Curves 1015 )
22A ,22B (3,H)  H l,NDEL; J 1,3
22C )
Card Set ADL 3,!~,flU Input Table of Aiphas ~io.6
23 CLU J ,I-1,I~U Input Table of Lift Coefficients F]O.6

4 CIlU 3,11,1W Input Table of Hin~o Z43mcnt Co- Fio.6
efficlents NU 1; (NPTS

!flfl4.PTS(J ,M ) ) ;  N l,NDEL; 3 1,3

End of Input Data 
- -  _ _ _ _ _ _ _ _ _ _ _ _ _  

/~7~~~i f t ~I 

-

A - 
- . . -.- - ‘ . .‘~~

‘. .

ri - . ~~• -
~~~

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ITT
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Area of Plan e Area of Stabilizer

4—

_ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
U)Cm

\‘

I 
_ _ _  ______________I 

Cfi
—

0

______• 
~~~~~~~~~~~~~~~~~~~~~~~~~~ — ______ 

‘ B HuU. Angle 
_______ — _______ — _____

Figure C. Stern Plane and Stabilizer
4 Li

Stock
Center - -I Line

ri . ~~~
‘
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PRO 3RA” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C UPDATF D FOR I kA ~ 3~~5j RCF 1)E(I. ~~ S l F ’ ~ ’- ‘~L~~~~ T O~~~Ur C A L C U LA T I O N S
C FOR USE ~~ (DC ~~~~~ ~~~IL~ ~~~~~~~~~~~~
C

Df M EN S IC N  F S T A b ( 1 5 )
D I M F ’. S I O N  D I F C 1 O s .. ) , C F T ~~ ( 1~~ 1 , 1  V L E ( ? 5 l , ~~ 

i ( 1 5 ) , .~ R~~ ( O ~~ ) ,
IA D E L ( C 5 ) ,  C S L A ( u 5 ) , D ~~L( I, _ ( i 5, , ) , - -~ ( 1 ~~~,s ~~~,V ) ,

~ CL T ( O 5 ) , F ~~~~T ( , ~ ) , E Q - r 4 ~ 1~~
) , L ’ ~ 

( r 
,~~~~~~ ,i~~~t L ( ~~~~,~~ d l  ,

f~s - . )( 1~~) ,~~ I _ )F L (  1~~ ) , Z 1  1 ~~~ ,~ ~~( I ‘~~-~~~~L — , -..~~ifl~ •~~~( ‘ - I~~
F .’.C I H ( 1  5 ) , 1 ‘ ~ C I-’C 5,  5 ‘ ~ I - - I -

~ 1 1 ~- 1  1 ~
- 1

~~~p4~~(-~ ( P.~T ’ ,(L~~~~I ) , ’Y - ”~ ~ - ,‘
~~~~
‘ i ( ’  ~~~~

°CHF’ L I I I ILL!  F T I I ) , .H C 1 5 I ~~
‘ L - -~~~‘ ( I  ‘ E l  , 

- . 
- ~~ 

- r — I:- 1 I~ ( 1  -~ I

?C\I C (15 1 , F 1 ’ ( 1 5 1  , ;~ ( 1 5  1 ‘C -‘~ : - - .- 1 1 :  ~ I ‘C ) ‘ -  il l  ~ I , 
~~~~~~~~ 

-
, 

~I

D!.~r ’~~ V~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~ 3 ” L ( 1 ’ ~~ ’
~~ C L C (  15 1 5)  ,C I- .C ( 1’ ,S ,  1 5)  f - i t  15

D I  ~~. SI ’~~a X I R P L (  ~ 5 )  , ç T ~5 ’.~( (  15
C C~.”.I ,? . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DA T A  ~ I ISh/ -~~\~ 
( ‘F/

SI-IL ( 1  = I
S* ,L (  2 1 = 4.

$~~L(  3 1 =2 .
S’4 L C ~~ •
S VL ( 5 )  = 2
SML C ~~ I = 2 •
SML C 7 1 =

1 RE~~D 6 7 , ( 1 I T L E ( I ) , ’ = I, 2 4 )
4~ 7 F ’ R ” L T ( 1 7A ~~/ 1 2 A A

I F ( T I r L ~~( 1) . F C . FI~ .I S H )  n5~~~~~~~~ n 5 n 5 5 ~~~~ 5_ ’

P R I N .  6~~ , (  I ~ T L ~~(

~,R ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1

I\r’~ -~ (‘F c~~4 1~~ ~~PSI.j 5 •~ I~Sj~~

-S.-

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘~~P5L’~ -’ ,c ’  , c ? ,  ~~~1,s 5 p A p I

~~~F A ~~) 8u8~ . , 5 P F C a - 1 .~
8C Gf l  F~~ ) RM A ’ ( ~~~ ) ‘ ~~. 7

C S 6 V E  ~~~~~~ A ’ S j r -i (F  A T  BE (~~
I 5

~!~~’j I~~~ 1c-

CF I~-.I T = C r
A F  A r
C P I ’ s : T CP
S\ 1’Ar~~i~~~~~Rr ~~~ (.I~~~F+4 .?1 )

r T A = 1 . — .OL ”~~PHT ~~PHI

Z L A S 4 CT / C~~
4 C

C

4 OU T PUT OF 1P~PUT

j  a/ ~~

T

~

5

~
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C
S 

PRINT 66,AP .C~3,CF,AF,CT ,CR ,AT ,CM
66 FO R M A T( 1H O / / /6 0X ,1O H IN P UT  D A T t a/ /? 3 X ,

12OHARFAS IN SQUARE FEET46Y ,1 4H(HoPDc IN rrrT ,aSx,

~ 12HPLANE A REA F11.~~,34X,14~1F 4D OF STOCK =F 11. 5/ 9?X ,
314HAFT OF STOCK ~F11.5/28x,l H I N I T : A ~ FL,W A REA F11.5.
443X,5HTIP =F11 .5/1OiX ,6HRC ’ = F 1 1 . 5 / ? 7 X ,
52OH INIT IAL TOTAL AREA ~F11. 5 , 4 ? x , 6 r - 4 V r tS N F l1 .’~

,
C
C

P~~~ I N T  661,SF ,O ME G A,V , S ,R H C ,P HI  ~

1SPFC HA , RAD , CF INC , F PS LON
661 F O PM AT (/ / / 2 3 X, 13 H S P A N S  I N  F EET 4~~x ,

~27HM Isc . INPUT W I T H  DI~ 4 F N 5 t O N S / 3 ~~x ,
?1 4HSPAN OF FLAP =F]1.5,]5X,1 °HS~.FFP t~~’1-LF OF 1/4
~ 14H(HRD DEGREES = F 11 .5/9 ~~X ,i6 HSnFF D IN < NOT S ~r 1 1.5 /2 3 ,
4 2 4 H ST A B L Z E R  + STER N PLANE = F 1 1 . E ,2 2 X ,~~Hf l E N 5 I T Y
518HL8 SEC SQ /FT 4 T H  F 1 1 . 5/ 7 7 X, 2  T R A I L T N (- EDC~E ~-~-~-LE
69HDEG REES = F 1 1 .5 /2 2 X,2 S HFO R  C HA N ~~~ I~~~C~ PL~.N E A R F A  F 1 1• 5, 211X ,
724H~~L I G H T ED  R A D I U S  INCH ~~~ = F 1 1 . 5 / 8 ’ E x , 1 S H I N T T I A L  ‘EL ~~~~~

~6HFFFT ~~~~~~~~~~~~~~~~~~~~~~~~~ 
r~~cf l( ’~ L P — I N  ~~~~~~~

C
C
C INPUT OF CONTROL CHAF ~ACT E PS
C

READ 2 .NYDBS,NT ,NDEL1 ,NMOD .E ,NDFL
10 FOR MA TIS FI 3. 7
2 FORMA T (515

NTTEST= 1
PRINT 662,ARE,ZK, AU, ALCFA(,(LAM ,

1 NT
662 FOR MAT (1H (.,22X,24HDIMENS (C-~~LESS INPUT DA T A / ~~~X ,

1 I6 HA S D F C T  R A T I O  = F 1 2 . 5/ ~~4 x ,]~~-4 CoN c T A N T  ‘K =Fi1. c , lC~~,
2 17H FRTCT ION FA CTOR =F!1. s/?cx ,1 o

~-~AL LowANcF FACTOR ~~~11.~~/
134X,1~~HTA PF~~ R A T I O  = F 11. 5/~~4x,-1 L .23H MAX N C .  CF T I F R A T I O N S  ~ I5

C
C CORPErT OP~’1C~’E T O (

~.FT BR ON CL r A T T ~ TA~~LF
C AN D TO SPECIFY READ IN CL OR LOOKED UP CL
C
C

R E A D  1O , ( YDB S (  I ) ,  I = 1 ,N Y DB S )

DC) 19 T = I , N Y D B S
D E L C C I  )~~ ((R—CT ) ’YDP S (I

19 ((I ) CR— DFLC( I )
I F ( N T ) 6 6 4 , 6 6 4 , 6 6 3

664 NTT EST=O
R EA D

S REAl)
( CR A T C 6 )  = C F / C (  4 )
R E A D  1O , (C L B 1 (M ) , ~

4 = 1 ,N D F L ! 1
READ 1O, (C HBLCM ),~1~~1, NDEL1 )
G0 TO 666

C

L
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~~~~~~
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C

C

C INPUT OF DIMENSIONED QUA NT IT IFS
C

663 R E AD 3 ,(BR Pt J ),J= 1,1 ),C .~rrL (J ),J=I ,3 ),

I (CSLA CJ ) ,J 1,3)
3 FOPMAT(3~~13.7

DC) 209 J=1 ,3
Z IMP C J) =A RE *~~j /CSL 4 ( J )
IF (ZI~~P (J)— .5999c9)2C99,?O9E,~~~9~3

2099 ORNGE :ZIYP (J)
CVAR =~ • 0
GO TO 6666

209P IF ( Z T V P  ( J ) — E . O O O P 1 ) ? ,? ,~~~~~
~09 CONT INUE

C

REAr 10 ,(~~E L ( V ) , ~~=~~,ND~ Li )
C 6666 A ERRO R RETURN ~~~I T E  A T  ~ Or P~~ )c ,Rt~!

C
C C O E F F I C I~~NTS w ILL ~E S U I L T  I N T O  T I-IE P R O G R AV
C
C- COMPUTA TION OF TA BLE C\ PAGE 5
C

C T O T =CB+CF
C THERE W ILL S~ I ECUAT ION S FOR EPAT4 ( I’

I F ( Z L A ~~— .26999 9~~~~~9 9 , 2 C C ,2 O 0
20C ! F (Z L 8 ’ ~

_ ! .O9Q qQf l ) 7~~j ,~~~1,9O
99 O R N G E = Z L A M

GO TO 6666
201 ERA T 4 H=1.4~~

O_ .SOO*ZLL .+ .24G*ZLAM *ZLA”

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ERAT 4 3 =  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ER SA T 6 (4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

IZLAM*(1 .20581c2_ ZL~~v *:.321c7o85 1 ( 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1—9 .17o2726+?LA ’~~~ 6.65D2~~—Z LAM . 7 .14C ]~~47)’)
FRAT 4( 71=2.40
PR INT 7011

7011 FO P M A T M~— 4 15Px , 11HF RA T I 0  T A B L~~/ /1 H 46 x ,
i4 c ~~r R A T I O  6 AS A FUNCTION (‘F Y / ( ~~~ /~~~1 A ’ 1 ’ LA ~~~

r5 .S / / /
P RI NT  7 0 , Z L 4 V , (Y D ~~ 5 ( I ) , r R A T 4 ( I ) , ~~~= 1 , NV C ) ~~~S )

70 FORMAT (1HJ3~~x,7Hy/ (B/2)16X ,7Hr r , A T T O I 1 X ,
5 

I8HLAMBDA :E15 .8/(1~..~i35X,[15.8,F?1.9-
IF ( NMODE ) 1919,9999,1919

999~ N SE T~~2
N SUB :0
PRINT 900

900 F0R~IA T ( 1~.4 C / / / 1 H 02 9 x ,2 ~~ 1TbE L I F T  AN D HING E MOMrNT
145HCO E F F I C I E N T S  AR E O~~T A I N F D  FR(’S~’ INPUT POINTS.

C A LL pPM~~ (’E

c —  T r (N S t’ o ) p7 8 7 , 1 1 0 6 , R7 8 7

191~ ~4SET:l
NSUB~~~ 0

PRINT 901

~~~~

- . 
-- 
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901 FORMAT (1HO///1HO4OX,26HTHE LIFT AND HINGE MOMENT
I23HCO E FF IC I E NTS ARE INPUT .
CALL OPMODE
IF (NSIJA )-R787-, 1 106,R7R7

8787 PRINT 87RP
8788 FORMATUHI4IX ,3SHSEE PREV IOUS P~~INTOUT T~ * r ) FT c P M I MF

I15HERROR IN OPMODE )
00 10 1

C
C 20 STARTS THE CO~1PUTA T ION AND COR PFCTIO~ L~)OPC
1106 L 1

CF IR C H =CF INTT
FK1:.?*S/( 3.*AT

20 DO 21 I=1,NYDBS
C F C RA T (  I ) C F / C (  I)
IF (C F CR A T (I ) — .14999999) ?O5,206, ?06

205 ORNGE=C FCRA T (I )
CVAR =1. 0
GO TO 6666

206 IF (C FCRA T (I)— .600)?07,207,208
208 ORN GE=C FCRAT (I )

CVAR=?.0
GO TO 6666

207 GO TO 21
21 CONTI NUE

BR = C B/C F

DO 22 I=1 , NYDBS
CHD (H=CFCPA T(I)s(— .17987426E—O1÷CFCRATN * (.06127221+

ICFCRAT ( I )* (_ .05023323+CFCRAT ( I )*.01934741 I I I—
7.7’431806E—0?
A IDFL (I)=C FCR4T (f1.(— 2.~’1 44147+CF (RAT(j *(3.6?48FU~ -+

1CFCRAT ( 1 ) *1 — 6. 6~~60865- s- C P A T (  I )  *2 • 7? 72692~~~ ) —
2.10356066

Z ’.( T ) = — A I D E L ( I ) / . 575
22 ? ? ( I ) = _ C ~lr) ( I ) / . o r - s tR 7 7

FK ’: • 2*SF/3. ‘C~~~/A F

DO 23 I : 1 , NY DE3S
FACTL (I )  S~-iL ( I )  *( C I )  *Z i t ! )  *FK1

23 F A C T H C I  1 = SM L C  I )*Z2( I )*FK2
C
C BEFORE CORRECT ING THE COEFF ICI~~N~~S THE TA B LES ON
C PAGES 12 AND 13 MUST BE WRITTE N OUT
C

PR INT 8484’L .CF,CA ,AF,BR
8484 F O R MA T ( 1 H 1 50 X ,2~~~H TH I S  IS IT ~~A T I C M  NUMBER ~~~~/ / / /4 X ,

1?OHC ,4O RD A F T  CF STOCK =F15 .8,9X.2L.HCHORD F .s’ 5) OF STOC K F T 1 S . P , 1 6 X ,
711 HFLA P AREA =E15 .R//45x ,2 6HBALA NCF RATI O CO MP UTE r ,  =El c .8
PR I N T  I 19U ‘C YDIiS C I )  i D E  I C C  I )  ‘C ( I )  , (~~( PA  1 (1 ) ~

14 1  DEL ( I )  ,Z 1 ( 1 )  ( HO C  I )  ,Z 2  ( I ) ,  I = I .N~~D~~S
11~~0 FORMA T (1H/44x ,36H(ORREC IION TO C F / C  ANfl  C O r F F I C I r N T ~lR HO~~T4INFC//6X,7HY / (I~/2 )-)X ,7Hl)ELTA C 13~~,1HC1i .~~,

74HCF/ (7X,)4H A IDEL RX,?HK1I)X .L’H (HO

J 
S C F C F = c r * r c

H 3 (

A ~
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—

I

- - -  - - - - -—~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~ 5._—~ - -  
--



-
- —

—5- — 
—

~~~~ 

-

~

I

OR INI 11 91, C YD~~~~ ( I )  , SML ( 1 1  ‘C ( I ) ,  Z H I )  .
1F ACTL ( I ) ,CF ,CFCF ,Z2 (I) ,FACTH ( I). I 1,NY ”PS)

1191 FOR MA T( 1H~~36X,33HIN T E G R A T 1 ’ ! 1 N  ~ I~-TORS F O— ~ L I F T  AN~
12SHHING E MO’~ENT C C E F F IC ! E NT S / / ’)~~,7’-~Y / ( ’~/ ? I  ‘ IX ,
22)~~S~~~ 14X 

, 1HC12X ,2’-”( 19X , 8 H Ft - C T ( ’~ LQX ,?HCF C\ ~~~

31OHCF S O U A R E D OX ,2 H K2 9X , B H F  C~~~’I~~ -s / t 3 X ,~ .~~14 .7 )
C

C C D RRECT ION F0~1 HINGE M~~ME~~T .~. - . ) L I F T  r~~r F F v :c N 1~
C

DO 8O C~ J : j , 3

DO 799 t=1,NYDBS
00 799 M:1,NDEL1
C L C C I , J , M ) = F A C T L ( I ) * C L ( I , J , Y )

799 C HC ( I ,J ,~~ ) F A C T H U , * C ~
.( t ,J , .4 )

PR I N T  777
777 FORYA T ( 1H139X ,33HTABLES OF AV F~~A (E L I F T  t.NI) H!N~~

I19H~~O~~ENT COE FF IC IENTS /i-I 44X,1THAS A F ,~~~T !ON -~~~~~

?2SHThE ORI G I NA L  COEF F I C IE N T S
PRIN I 7777,

7 7 7 7  FORMA T( 1HLa1X ,5HBR = E I 5 . 6 / 5 4 A , 2 s s . I A~1E c A o E  L I F T  1CE ~~~~~C I c \ T S / /
1 6 X , 7 H Y / ( B / 2 ) 9 X , ~~HFt5 CT C ) R L 4 X ,8 H D~~L C i  1 (~~8 .5, 5 n 1~~.5 /
,6~~x , Fq .5 ,5 F 1.’,.~~)

- rIO 5 5 S~~!= 1 , NY D B S
555~ PR I NT  7 0 7 u , Y D 8 5 ( I ) , F A C T L ( I ) , ( C L ( C I , J , M ) ,

1 V= 1  ,.~r)F t_ 1 I
7070 FCRY A T (1H 1X,~~~ 16.8/ (3 4X,6Ei6.E)

C
C

DO 7u00 ~* 1,NDELI
DL~~D~ --’= CLC ( 1,J ,- ~~

)
DO 69 Q9 I 2 , ~~Y E ~5

6999 DLJ~-’~~.. -~~~~~-’ Cj ~. i + CLC ( I ,J , Ml
7000 4 CL C ( J , Y , C I J V f l~~~~Y

PR- 1 -: T 7U0 2 , ( A C L C ( J , V )  ~‘~1: j  ,Nr~F L I  )

700? FOR’~AT 1’-1 6x,? 7HAv FRA ~~E L I F T  C~~~F F I C I E N T ~ :16C 15 .5/

55 57
5557 F Q R - ’ A T ( 1~~~ 5 3 X , 3 3 H A V E R A G F  ~~IN3E ~~~~~~~~~ CO EF~~V I F NT S /

~
c
~c x , 2 1 k F C 5 F  5A ~i DEL AS A V E / / 6 X , 7~~Y / ( R / 2 I~~X , RH~~A C t f l~

~~1 ~~~~ -~~~~“ ! = 1 , NY ’ ~RS
555~ PRI~~T 7~~7~~,YDB 3 (I ), F A ( T ~~( l ) ,

1 ( C H C C I .J , M )  ,Y = 1  .NDEL1 I
DCI 69R~~ M = 1 , N D E L 1
JMS~UV _ Cp~IrI I

‘C~ 6Q~~’ ! 2 ,NYIDBS
699’ DuV~ J~~=O5 VDUMwC~1C (I .J,M)
6 99Q

PR IN T 555J,(4CHC (J,~~),M = 1 ,N~
rL1 )

~55O FQPYAT ( 1 ’-’ 6X ,27-IAvrRAGE HINGE M ’ -~~NT CO~~F (t)~~1h .R/

~5X ,~,r1e~,8I I
30C C~~N T I NLJE

‘
~~C 1001 u1 :1,NV LI

4 , 00 J O ~)O J=I, 3
X ( J ) R~~ R ( J )

100(1 Y ( J ) = A ( L C ( J ,~sj)

I
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CALL PARA t X ,y ,A , B , D ,S 1 ,S PA T C H )
1001 C L B L (M ) =B R *t B+ RR * 4 ) +D

C

C S T R E A M  L I N E  C U R V A T UR E  C OR R E C T I O N

C
X C I )  .2

X C  2) =
X C  3 = .6

00 1007 J=1~~3
S C C V( J , 1 ) = . 3 26 9 48 4 Z I M P ( J ) * ( . 9 ~~~?4 ~~~J 7 _ L s I + ? T ’ ~i P ( J ) * (

1_ .543O850 8E_O2+ZIM P (JI*(_ .Rl2R ’E~~~?
r_ u -

~+i !~~P (J)*
,,9071S14~~F—O 4) ) IC
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

,.211R237~ E—0~j))
C

S C C v C J , 3 ) = . 1 9 9 1 3 17 6 + Z I U P C J ) * ( . 9 8 4 1 3 5 7 5 F_ 0 1 +Z I \ I P ( J 1 * (
1_ .3 4 1 14 4 5 0 E_ 0 3 + Z I M P ( J ) ~~ ( — . 2 2 4 18 34 8 E_ - 2 # ? I I A P ( J *
‘.‘044R749E—03) I)

C

V t  1 )  :SCCV C J, 1)
V ( 2 )  =SCCV C J , 2 )

Y (  3):SCCVCJ,3)
CALL PARA (X ,Y,A ,B,D,S1,SPATCH )

1007 SCC (J)=CFCRAT (4 -* (B+CFCRAT (4I*A I~’~D
FR4T (H=CFCRAT (6)*I3.6911l94÷CFCRAT (4)* (_ 5.3O06?~~5

l+CF CRA T (4)* (4.7559953_CFCRAT (4)*2 .L27954Q) )+
7.3009245
FRA T (2)= (FCRAT (4)* (2.9318192+(FCRAT (4s* (_4 .~~6?59I?

1 + C F C R A T ( 4 ) * C 4 .? 5 6 4 1 6 — C F C R A T ( 4 1 4 1 . 9 1 14 2 6 8 ) ) ) +
7.23854535

F R A T C ~~ ) = C F C R A T C 4 ) * ( ? . 4 8 9 8 1 7 7 + C F C ’ ? A T ( 4 * ( — 4 . 3 1 2 3 4
] + C F C R A T ( 4 ) * ( 6 , 483 2 9 6 7 — c F C R 4 T ( 4 ) * 3 . 2 6 3 6 L 4 1 ) ) ) ÷
2 . 9 1 1 5 14 7 2 E— 0 I

P R I N T  67!)
670 FORMA T (1 H12QX ,14HCALCuL,~TION S OF VA RIOUS CONSTANTS

1 39HAND TABLES OF HINGE ‘IO~4 ENT C’-’ F r P T c I F N T S
DC) 1009 J i,3
PRINT 8182

8182 FCP P.’AT (1HC55X,2O HCA L (ULA TIQN OF DELSC/1H~~8X,
l RR 1Q~~,~~HSCC1 ’x,1HFTA?lx,lOH ~ RA T ~~ X ,
,SHA PART1 7X,CHDELSC
CLDFL (J :A 1EL (J *CSLA (J~~ Z 1 (4
DELSCIJ ) SCC (J )*FRAT (J )* [TA /A PA PT*CLO FL (.J )
P R I N T  8 2 B2 .~3 R R C J ) , SC C (J )  ,r TA,

1FRAT C J) ,APART ~DELSC C
828? E O R P - IA T (  ÔE ?2 .R

00 1008 ‘-‘ l ’N D FL l

r’E LCH ( J ,Y ) -DI L S C (  J) ~1)rL (M~
~00Q CACHC C J,~~) ACI4C ( 1,M )_DELCH(J,M)

P RI N T  1 110
111 (1 FORMAT (1H& 46X ,36HTAF3 LfI nE HINC , ‘IOM FNT ((‘IFFICTrNTS/L.6X ,

136Hw ITH STREAMLINE CU RVA TU RE CORRECT ION

4 I00~~ P R I N T  1 J 1~~,.t I PR C J ) , ( D E t C M ) , A CH C C J ,~~~),

t
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IDELCH(J,M) ,CACHC (J,M),M=1,NDELI)
1010 FORMA T (IHO 1X ,ISHBALA NCE R A T I O  =c 15.B//9X,

126HDEL PLANE DEFLFCTION ANC,LF5X ,?1~~UN (
:flRpF (TFD AV F PS AO F CHF17X

2,7HDEL CHF23X,13HCORRECTED CHF/ c29 .R,r31 .8,2r1?.R)
C

C
C

PRINT 9 O 3 , L , C F , C P ,A F ,~~P
901 FORMA T (1H1 49x,26uT’-~t S  W A ~J I T E R A T I O N  -H”~~rQ V~ / / 4 X ,

I2O HCHOR [) A FT OF STOCK =E15.3 ,9X ,7J~fCHOtV~ ~~) O~~ ST O C K  = E 1 5 .~~~,

71 4X,1IHFLAP AR EA =EI5 ,8//4~~x,24~-~r,4LA~~(Tr ~- - T f l  ! ‘r’ r IJTF~~ :~~!5 . M

C
C
C TOTAL LIFT FORCE AND HYDROIY5’NAM IC TORQ UE
C —

PRINT 6637 -

6637 FO RMA T ( 1 H 0 3 8X ,3 O H T A F 3 L F  OF T O T A L  L I FT  FORC E ~~~
I 19HH YDRC DYNA M IC TORQUr//2X ,21HDrL PLA N F pr~~~rt- T I~~~
25HANGLF 1 1X ,4HCLBLI7X 1CH TOTA L L ~FT 17X ,4H(HBL 19x,

~ 19H OH
GO TO 669

666 PRIN T 3737
1737 F O R M A T C 1 H 1 3 8 X , 3 O H T A B L E  OF T O T A L  L I F T  FORCE AND

I19H HYDROOYNAMI C IOROUE //2x,21HOc~L PLA N~ DF FLE C T IO r -~
‘5HANGLE11X ,4HCL~~L1 7X ,1C~- .TOTAL L IF T I 7X , 4HC’-BL 19X,
319H OH

669 DO 38 ~1 = 1 ’N D E L 1

I F ( N T T F ~S T ) 6 6 8 ,6 6 8 ,6 6 7
667 DO 37 J=1 ,3

X C J I =BRR C JI
37 Y C J )= C A C H C (J ,~~~~

CALL  P A QA ( x , Y , A , P ,C,Sl,3r~~TCH,
C H P L (M I = RR * (B R * A+ B )+ D

668 ZLI FTtM ):CL f3L (~ I)*O*A T
0HC M ) (RL (M )*Q~~~F*(F*12.

38 P R I N T  3 8 38 , D EL ( M ) , C L P L C M ) ,Z L I F T ( V ) ,

1 C H B L t ~~
. ) , Q H ( M )

3 8 3 8  F O RM A I (  E 2U . 8, E 3 ’ . 8, E 24 . 8 , E 2 3 . 8, F2 7 . 8)

C
C COMPUTE N O R M A L  FORCE AN D FRICTION FORCE
C

ETAO :CFCRATC4 )* (1 .177i127+CFCRAT (4)* (_ 2. 64R54l1-~-
1 C F CRAT( 41 * (’ .63O4 — C F CR A T (4 )~~?.82O ~~I ?7)

I ) +
2. 19975747E—O1

PRINT 83131,ETA O ,ETA 2
8181 FOPvAT (1H0///5r~X ,6HFTAO =F15.8 //cOX.6HE TA ’ -flc.o///

PRIN T 2 2 2 2
S 222 ’ FOçYAT ( 1HU4OX ,3SHTA BLF CE NC1RMAI FORCE ON PLANE AN r~ 

S
1 1S H F R I C T I O N  IOR~~J f / /3X ,1 4I- I AN GLE
71UH IN R IANS 7X , (L L .~

, LE1AOMX ,6 HETOLNC13X ,1HCr(F
1I) x ,~ HFNF6 x , 1?H51Af lh /R  L IFT 7X.?~-~CF

J C

DO 45 M :),NDFL1

11 - 3!

- - - ,, .ja _ _ 
- .

• - -~~-‘~
-  a 

S--S. 
151t~~-~~~~

- -

_ _ _ _ _  ~~~~ - -~~~~~~~~~~~~ T~~~~~~~~~_ -  -— - — -~~ --— 
- -  -



—
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.- - - ,‘—----------  

a

DFLPAD(M ) 3.14159265/18O .*DEL (M)
ETDLNG C M )  _ETA2 *DILRAD CM)
CLETA O ( M )  ETAO*CLBL ( H)
CNFC (M I CLE TAO CM )+ETDLN GCM)
F IFC C ~~ ) = C N F C  C M )  *Q*Ap
F S T A B ( M ) L L I F T ( M )_ F N F C CM ) * C O S  ( DE L RA D ( ~~~) I

OF I M) FNFC (M)*AU *RAD
45 P R I NT  4545,r)FL (M),r,f LpAc) (v~~,rLB L c v),

l C L E T A O C M ) , E T f L N G ( M ) , C N F C C M ) , F ~. F ( ( M 1 ,~~ST I . P ( M ) , O F (
~~ )

454~ F O R M A T ( 3 X , 9 E 1 4 .7
C
C A L L OW A N C E  TORQUE AND TOTA L TORQUr
C

PRIN I 232 3
2 3 23  FO RMA TC 1HU 43X,3OHTABLF OF AL LOWA N CE TORQUE AND

I12HTOTAL TOR QUE//3X,5HANGLE 9X,3~-~FNF 11X , 7H~~-I + QAe~~,7HQH — Q A 7 X ,

27H0H + QF8X,7HQH — QF1OX ,2HOA9x ,i2HO H + QA + QF3X ,
II2HQH — OF — QA )

DC) 48 M= 1,NDFL I
QA(M)=FN FC (M) *A LO FAC *12. *CF
CMO MV I CM ) =OH ( M )  +QA
CMOMRI (M) OHCM )—O A (M)
CMOMV (~ i)=CMOMV 1 ( M ) + Q r ( M )
CMOMR 1 ) =CMO MR 1 C M  I — O F t  M )

X T R~~L C ~~ ) 0H CM) +QF C M )
XTR M I (M )= QH CM 1—QF (M )

48 PRINT  4 8 4 8 , D E L ( M ) , F N F C ( M ) , C M O M V 1 ( M ) , C M O M P 1 ( ~~ ) ,
I X T R P L  ( M ) ,X T R M I  ( M ) , Q A C M ) , C M O M V ( I ~1) ,
7C”C’~~R C M )

484~ r~)R\ I AT ( F l 1 . 5 , 8 E I 5 . s I
BCVOMV=C MOMV (1)
DO 49 ‘~=2 ’NDEL1
I F(  C M O M V C M I  — 8 C M O MV } 4 9 , 4 9 ,4 9 0

490 BC~~~O~~~’= CM O M V ( H )

69 C O N T I N U E
‘1 r5—

~ C M O M R = A F~S (CM C IMR ( 1 ) )

DO 50 ‘~-? ‘NDEL1
I F ( A E.S ( C M O M R ( M )  )—BC?4C~~R)5O,50 ,491

491 B(~~QMP=A~~S C C M O M R ( M ) )
50 CONTINUE

D I F C L ) DC MOMV_BCMOMR
I F t N T ~~1)8585,958 S,544O

544o T~~ C A ~~S (rIIv (L~~)—rpsLoM)c 4c4,5456,5O50

~~O5rI I F ( L — 1  1~~O 11 ,5(1 I1,~~O17
S O i l  ~F ()IrtL ))5O I 1,4O16,40I4
‘S0I~ C F I N C = — C F I N C
30 34  C F = C~~~I ’ J I T + C F T N C

GO T O 5020
~~O 1’ T F (N T—L )5016 , 5014,SCIQ

C

C FA L S E  P 5 S I T I O N

- C
501 Q C F= I D I r t L_ H .C F I R (L )~~rIIF (L)* C F Ip C L~~l 1 I / ( P I F C I  — 1  )~~- r ~~I P ( L ) )

SO7r ) A F ! NC R : ( (F —C r f N TT )~~~SPF(HA

il - 4 ’O

5
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AF =A F  IN IT + AF  I N CR

L = L +l

(FIR ~ L )  CF

C 8 = C TO T —cF
GO TO 20

C
C 5014 ER RO R  R E T U R N  ~~R I T E  C~~T ~~-LS F P3 S I T  ION
C VA~~IAP LES -

C

5’.Sie P R I N T  5666,CF

566~ FORVA T (IHiô6x ,19L ITHE FINA L ANS~.rR I S/ /6 7X , 4 HC F  :fl5,~~

GO TO 1
C

C

6666 P R I , T 6 6 6 7 , C P N G E , CV A P
6667 FOR~~’A T ( IH 1 4O X , 2 ~~~- I ’ , D E P E N D E .T V A R I A ~~ L F  ‘)UT OF

11-’I HA C C E P T A E S L r  ~~
E f/2~~x,?2H!~.DFPENDFNT VA R I A ~~L~ ~~~~~~~

26X ,&HCVAR : E 15 . E)
5014 PR IN T ~414,~~C~~OMR,BC~i9MV

S S414 FD~~v A T t 1 H 1 5 ,~~~?uc~~~R rI~~ ~~~~~~ ‘/5!)X ,111-INT ~EDrE .~/4c.x,
116 E~~TORI’ .~ - E N ’ E115.8/ 45X,

- 2 1 8 h UP S E T T I~~~ ~• C~~E\ T  ~~~15.E
PRINT 511 4,(DIF (L ),CFIR (L ),L :1,NT )

511 4 FCIR MA T (1~~047Xi~~C~~A~’C5sJNTS TCROuE~ AR~ UMaA L~~NCE03C X,
I1SHCF FOR N T  T RI r~ / ( 4 7 x , E 2 3 . ~~, 3 7 x , r Is .Q)

1 00 10 1
8585 PRINt
8686 FOR~’4TC 1- I IS6 x ,1 9HT— E F:NA L t~NSA FR IS//67x,4—I c~ E15 ,€ ~/ /

11h0&3X,22~~5~ -’3JNT OF UN~~A L A N C E  Ic//63X ,RH PIFN I :EI5. R

GO TO- I

8000 STOP
END

C - U P -DAT E D F O R T RA N  SOURCE DEC K rr ~~ V O DE S 1 AN D 2
C

SU BROUTINE C~~ 1OLE
(3~~ Nr F L e~o r L 1 , Ny D B s , C L , c H , c L . N , \ s E T , S u 5 ~ 1,

1 5u92 ‘ ~~~~~ 
-
~ ~ , Sj ”5 ,DSJ’~ ~ ,

‘ S~ ~~~ ~~~~~~ 
-, ,-~ c1j~ ,~~s- ~~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IBRR , T ç~i

C SAM E  C-C~~”-~ON FOR -‘A IN P - - ~~--
D I ’~~\S~I:’. ~~L C  I~~~,

c
~.15 ) ,C I_ .~ ]c ’~~~,I~~~) ,C L T N (~~~,I5 ) ~St~~~~~( I0t ~~) ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
? C LE E C c ,~~~;) , CL R A T 1 ~~~) ~C L  i t  Ic  ,~ - s  ,FRA T 4( 1~~ ),l D I
‘PAT(H( ?OP I
D lM E N S~~~~~~~~~,L Y P T S c5 ,1 5 )  ,~~~D L (5 , l5 ,2L- ) ,CLN ~~~~~,1 5 , 7 U I ,

)C-~N (5,I5,.5-;) ,CCC’~v ( 2G~~
) ,TA ~~.v(?0C)

TEST :~~~,0
DC 8C~5j r 1  ‘3

R0C~~= ’ ,NOrL
T E L L

~I0O •\LPr (j,v , _ _ F
~~LL (J,y )

,

It  REA r ’  5 3 . 1  ICLIN IJ. M )  ,Y = 3  ,NOFL I ,J~~~1 .~~ I

A Si FOq,~A TU4 r3 ~,?
20? 00 2P4 J : ) , 1

-
~

— ---—-S---——-——---—--—-—--—-—

A a - — —-— --—------—-- —- 5
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— -
~~



DO 204 1 I 1 ,NVDB S

2041 R EA D  ?0 4 2 , ( CL I I ,J , M ) , M= 1 . N DF L 1 )

DO 2043 I 1 ,NYDBS

2043 READ 2042,(CHCI,J.Y),M=1,NI)EL1)
2042 FORMAT (6’E13.7
204 CONTINUE

GO IC 9998
10 CO N T I N u E

DO 900 J= 1 . 3

Q00 RFAC) 9O1, (NUM PTSCJ ,M )  .‘~= 1 .NDELI  I
901 F O P M A T (1 0 1 5

DO 90’ J= 1 . 3

00 903 U 1,NDELI
N P T ,~~N UM P T .~ C J , M )

DO °O’. N L J = 1 ,N P T S

903 ~EA D 902,ADLCJ,M,Ntfl,CLN (J,M,NU ),
ICHN(J,M,NU 1

90? FO RM A T I3 F 1O . 6

DO 01 8 J=1,3
JJ=J
P R I N I  500 .JJ

500 F OR M A T ( 1 H I S9 X ,2 2 H IN P U T  P O I N T S  FOR P AGE  13

DO 918 M = i ,N D E L I
MM= M

5O 1 ,MM

501 FORYAT C1 HO 9X,I4HCURVE NUMPFP = 1 3
NPTS NUMOTS (J,M)

~~1R ~ R 1 ’-iT 919, (A DL (J, M,NU ),CLN (J,M ,Nu)).
CUN (J,M ,NU ,Nt;=1,NPTS

Q19 FORMA T (’HO ISX ,l?HA LPHA POINTS ? °V ,

7I8HLIFT COEFF . PDINTS27X ,ICHH INC,r MOMENT PO!NTS/ (F27 .6,F 42.6,

C CA LCULATION OF C L ! N C J ,~ i )

L
DO ~O5
DO 905 ~ = 1,NDEL
NPT S NUMPT SC J iM)
DC) 904 N U = 1 .N P T S

C C O M V C N U =A D L (J , M ,N U

904 T A B L V C N U  I C LN ( J ,M ,N U )

T T L T ~~1.0
COMV=ALP F (J ~~~ I)

TI ST =0.0

C A L L  TA f 3 L O K  C CCIMV ,CCOMv ,ANS ,TABLv ,NOTS, TEST,
1 S I ,S ? )

905 C LI ’ 1(J ,~~ ) AN -S
~~~~~fl C ’R INT 7011

7 0 3 1  F O R M A T t 1 ~ I 15AX,I a e HCL P A T I O  TABLU //34x .
14OHCL R A T I O  AS A F U N C T I O N  (IF (B/CF A N D  D F L

?1’-sPI A Pff DE FLEC T ION A ” I GL F S
7 7 5 7 7 00 7 Cr’ .)=I,3

O() 7C~ I M :1 ,NDFL

4 101 ci rFIJ,M)=CL!N (J,M,,ITLL (J,M) 
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C L R A T ( J)= (C L FE (J ,2 )+ 2 . *C L F E C J , 3 ) i~3.* CL F E t J ,4 ) I I /6.

P’INT 600,tIRR IJ)

600 FO RM A T (1H O 1X ,1 5 1 - I BA LA N C E  RA T I O  -~~5.3

PRTNT 703,(D[LC M),A L PFC J ,M),CL IN C J ,M) ,
1 CL EE (J ,M )  ,M~~~i ,NDEL)

70? PO I Nt  704- ,CLRAT (JI

7~~3 FOR MAT (1HU 1X ,17H DEFLECT ION AN !)LFS9X,45.~~LPE66X ,2H L 17X ,
17 H (L/EfLL/ (F1Q .q , E ? O , R ,F6~~.8,fT’1.~~I

704 FORMAT (1HC52X ,lOi-4(L RA T IO  =E15 .~
PRINT 7050

70S0 F O R MA T ( J H O6O X , l ( 1 H C L/ F  T A B L E

PR INT 7051, (CLRA T (J ) ,~J= l ,~~ 1
7C51 FOR MAT (iHO 4 7X ,1 114C L R A t I O 1  E 15 .8,1 X ,1 I- 4C L ~ A JiO7 ~~~I~~.’3, :x,

I I 1 H C L  R 4 T I O~ :~~~J5 ,9

C
DO 7C-51 1,NVDBS

705 C L F R A T (  I , J ) = C L R t - T C J ) / F R A T 4 ( I )
PR IN T 7052 ,(VDBSC I),ERA T6 (I ),CLEP I - T C I , 1 ) ,

~C L F R A T C I , 2 ) , C L E R A T C I , 3 j , I 1,N YT)~~-S )
70~~’ rOqMAT( ’~-4O8Y ,1HV,(R/?171X ,~~HERAT6 16X ,

1 1 6HCL C RA T I ” I I 1 ) 1 4 X , 1 6— C L  E RAT IO (I? )i4X,I4 ’~~ L

C
C

IF (N ~~r T — 1 ’  9’.3,91’ ,~)14
C

C C A L C U L A T I O N  OF CL (I,J,M )

C
C

914 DO 9081 .1=1,3
T !LT=6.0
DO 9081 “ l . \~~FLl
NPTS NUVDTS ( J,V )_ j

1
~
) ~ (1~~ 1 T :~~,iv’~~c

DA iN TV =—1. /C L FPAT (I ,J )
0’) QO7NU= 1,NPTS
~~~p ~ r 5i = 0
XT EST C AD~ C J ‘1iNU+ I) ‘(INC J ,M,NU) —A O L (J ,V ,NU) *

1CI .M (J,M,~ ’J+ 1 )I / (DA ~~NTM * (CL”J (J ,M,NU )—C LN (J ,M,~J U + 1 1 )
2 —CAD L (J ,M,NU )—A DL (J,M ,NU+1) ))
IF C CLN (J,~-j ,Nu)_ X TFST )91jR,908,C 1 l i

~ 1 I1 I~ I CLN (J,v ,NU +1 )_ X TFST )~~CR ,000,9071

~C71 N ” T [S T= I

R07 C f l N T I N ( J F

908 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

t 90’U C LU ,J , M) :X T ES T

C
C C A L C U L A T T O N  OF C kII ,J ,V )

03 Q i l  J = l ,~~
r~rs Q i l  M 1 , ’ j O F L 3

00 91 1  T :l ,N Y O I 3 S

NP T 5 = N t J M P T  SC J , M)

4 DC) 910 N U = 1 ,N P T S

H P3

T -~~ 
T-

- - - - - - 
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CCOMV C NU I C L N C U ,M ,NU )

910 T AB L V ( N U  ) C HN (J ,M,NU )

TI LI =7 .0

CO M V= CL (I ,J ,M )
1151=0.0
C A L L  T AB L OK C C OM V ,C C OM V ,A N S , TA F 3 L V ,N P T S ,  Tr ST ,

~ -S1 . 5?)
IF (TEST) 911,911,906

911 CH( I ,J , ’-” )=ANS
913 DO 1108 J = 1 . 3

P R IN T  1107

110 7 FORMA T (1H143X,23HTAF3 LES OF HINO F M O/ F N T
121HAND LI FT COEFF ICIENTS

Pf l NT  1 3 0 9 , R P R C J ) ,( D F I ( M ) , M = 1 , N ’ ) F L I )
1109 F O R MA T ( 6 H U  8.7 = E 1 5. 8/ 1 H  4 7 X , 1 7 H L I F T  rO [E~~j C j F N T S / / 9 X , 7 H V / ( B/ 2 ~

i 6 X , AH D E L (i )  = ( F10 .7,5F18 .7 /2 cX , 6 F 1 9 .7 1
DCI 1100 I 1,NYD~3SJ 1 C ,) ‘~R T N T  liiO.YDB S (I ) ,( C L ( I , J , M ) , M 1 , N D F L 1 )

1110 F 0 P MA T ( 1 H 02 X , E 1 R . R , ( 6 E 1 8 . 8 / 2 1X , 5 ~~18 .R 1
P R I N I  1 1 1 1

1111 FOR MAT (1H052X,25HH INGE MC~~1NT C O E F F I C I E N T S
Or) 120(1 I 1,N YD~~S

1200 ~RI”J I  1 1 1 O , Y D B S H , C H I,J ,M ,M= 1,N’) FLl
S 110 8 CONTINUE

GO TO 916
906 PRINT 912 .T ILT
912 FO A T ( 1 H I 1 O X , 6 H T I L T  = F4.2/ IHO IOx ,1IHT ILT =

I4 7HM E AN S  C L I N  T I LTE D .  T I L T  = 2. MFA NS ( L  T I L T E D .
7?8HT ILl 3.0 MEANS (H TILTED.
N S U 9 =  I

GO TO 916
909 P R I NT  9 1’— ,T ! I T  , X T F S T
915 FOR V 4T( 1H 1lJX ,f~~ T I L T  =F 4.2,1uX ,7-~XT rST =FI c .8,1HOIOx,

1II H1 IL T 4 .c M EA N S  X T E S T  T I L T E~~.
NSUE~ = 1

‘1 916 R E T UR N

ENC
C tJPDATrD 101 IRAN DECK FOR SUBRCIUTINF TA RLOK
C
C ~~O TI4 W A Y S  T -~~LE LOOK UP .
C

SUBROI.I1 IME TAL 3Lr~K (COMV ,CCO MV,ANS , TAB LV,NI L ,TrST ,S1 ,Sfl
DIMENS IONC (OMVCSCU ). TABLv (SCC ),PAT (H(500)

IF (C (C~M V ( 1)— C C O MV C N I L ) ) 1 4 U 0 ,1 2 0 1 , 1 3 O 0

12u 1 P R I N T  12U9

I23~ FO R ”AT C 1 H16~~~,?c’-lNo OUTPUT CCOMV (1 ) CCOMV C’II L )

L TF ST :l .

r~~ TO 9099
c IHIRF A P F ON(.V TW O CA çE~ w~4rN C~~MV F All. S
C IN TO EITHE R AN ASCENDIN G CR D F S C r N I , I N G  ! NT
C
C S A R T  OI SCtNr ) LOOK UP

1300 I F ( C DV V — C C (’V (N I L  ) ) l  1 0 0 , I1 0 J ,l l ) ?

4 1100 P R I NT  11O~~.C0MV ,CCOMV (NIL),S1,CCO’iV (1)

~~~~~~~~~~ -~~~~~v 
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1103 F O RM A T ( 1H 1 1 RX , 6 HC O M V=  E16 .P,2X, 7HC(C)Mv= E16.8,2X,4HS1= F7.2,
12X ,4HCC= E16.8

TF ST= 1 .

GO TO 9999

1101 A N S T A R L V C N T L )

GD TO 9999
1102 LOL 1

IF C C OM V — C C O M V ( LOL ) 11104, 11 05,1100
1105 A N S= T ABLV (LOL )

GO TO 9999
1104 IF (COVV—CC( .IV (Lc ’L+I))1107,11C8,1109
I10~ A~,S=TA RLV (LOL÷ 1 )

~O 10 99 99
1107 LOL LOL +I

~ r) T O 1104
1109 BB=CCOMV(LOL+H—CCOMV (LOL )

DINC=TABLV (LC)L 4-1 )—TA BLV (LOi I
C L = C OM V — C C OM V (L O L )

ANS= TA BLV C LOL ) +(( / BB*DI NC
GO TO 9999

C A SCEND ASCEND SA M E AS OLD B E T A
S C

1400 IFCCOMV—CCOMV (NIL ))100 ,2u0, 11JO
700 A N S = T A B L V (N I L 1

GO TO 9999
100 L )L 1

IF C C OM V— C C OMV ( L OL 1 11100 , 20 00, 3000

2000 A N S = T A B L V (L C L )

(Y~ TO 0909
300 D IFtCOMV_ CCDMV (LOL +1 ))1109 ,300? ,~ O03
3002 ANS = TA ~~LV (L QL+1)

GO TO 9999

3001 L O L = L P L + 1

C-.O TO 3000
C

FNC) Or A~.CFN O -~SC FNfl
C
9999 RE TURN

E ~. 0
SI1BPO JTI ~~F 

r A q A c x ,~ - ,A ,r-,C ,c1,SpAT(~n
DI~ 1FNSTCN ~.C ~ 1 ,YC II ,SPt.TCI-4( 1031

= ‘I( ( ~
X D UM 2  -< C I

XDt.JM I = X ( 3 )
Y D IJ M I : Y (  I
YDIY ’2=V (7

Y T)U~’ 1 = Y  I ~ I
A D o Y = ( ( Y 0 U~~ 1 _ Y ~~ . .-a ? l ,  x M 1 _ ~~ P ’ V ~~ l _ ( Y ’ ) L , V I _ Y ) / ( \~~ l I M I_ x ,Y 1 ) )

! / (  X ’ U ’-~~~ — X  r’(, v 
~ I

BDUM~~C Y O L M — ) / I ~~~~Th~~5 ’. 4 I — * ” ~‘ ‘ )~~~C * ” 5 V 1 , X ’ ) t 1 M ’ 1 l A ~~ , 1\

(C)~JP~I: ‘ , J M j — X ~~~J ” i~~ \ - ‘ ~~ ~ - -—~ OU’~’~ •
A

B
C

A RETURN
END
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