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14. Averaged Dawn-wash Due to Cavity Under Free Surface 

15" Averaged Downwaish Due t o  Lffttng Line  Under Free Swface 

AR 6, r \ c  = 1 

16, Averaged Down-wash Due to Lifting Foil. Under Free Surface 

AR = 6,  f ' / ~  = 2 

17 * Avepaged Down-wash Due to L i f t i n g  F a i l  under F ~ e e  Surface 

P/c. = 1, x/c! = 15 
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V$ = 0 ia!  

+ r g  
3. a f 4.1 



s t r eng th  a l o n g  t h e  chord f a r  a m i l t  span to s a t i s f y  the clvuure  

sequlrernent f o r  the cwr t .y  

We t'trst d e t e r m i n e  Q for *;he case8 of two dtrnensi,ans and  
a 

t hr. e e d 1 rn en s i ons s epa r a t el y 

TWO RlMENSi  ONAL CASE 
_I__ 

Since  it is more convenieRt  tu d e a l  wZf;h a doublet d i s t r i -  

b u t i o n  in t h i s  caSe we r@prem?fi% the body by d o u b l e t s ,  The 

d o u b l e t  d i z t s i b u t i a r ,  K e q u i v a l e n t  to the source distrlbutlon 

mentioned above 4s 

w l x  
N 2 - 2 -  0 

C 

B e f o ~ e  determinlflg the dowrz.c;asn at. ( x , - f )  due GO Gh11s double+, d i s -  

t r i b u t l o n ,  we f.lx?st I n v e s t i g a t e  the downwash due ta a s ing le  yo in% 

doub1 e t  n 
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To obtain %he potantia3 wh%& is produced by 8 p o f n t  doub le t  

d m  tiha free aurf'ace where the boundary co-ndittion (2) 

which certa in ly  satlsftes the Laplace equation, 

r-y x. Hence we may write 
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Hence! 

00 

- exp[-k(f ‘-z) -I- i k ( x - 6 )  dk 3 k+k -I& 
0 

k-k -i@ (0 = Irn N exp{-k(f+z) + : l k ( x - 4 ) ) -  
2 0 ir Q 

I ( z - t f j 2  + (.=-el2 ( z - f ) “  4- (x - f )2  

The dcrwnwash due to she p o i n t  doub le t  1.8 



J 
0 

Ill2 + k2 
CI 

m2 -t- k ' 
0 



.The l a s t  two i n t e g r a l s  on ti?@ r i gh t  hand s ide  of" t h e  above 

equat ion  represent l o c a l  dlscurbances which dfe down xrslpldly wi th  

increasing dis$t;ance x down8t-marn and became n e g l l g l b l e  a t  v a l u e s  
;lf x of' in teres t .  Hence ,they may be neglected in t h e  p resen t  in- 
ves t i ga t i on .  Values of downwash o b t a l n e d  from the resulting 

equatlon a r e  shown p l o t t e d  a long w i t h  t h e  three  dimensional case 

in Figures 4 - 9. 

i n  a manner slrri1la.t.. t o  that;  used in two dimens iona l  case t h e  

ve loc i ty  pottentia1. due to a given ~ o u r c e  distribution can be ob- 
t a l n e d  * 

1r-r an i n f i n i t e  m e d f u ~ ~  %he p o t e n t i a l  @ due to a SOUPCQ~ 
a 

d i s t r i b u t i o n  ~ ( a )  per  untt area is 

a -7f 5;: 



Saw if M(a) 2% taken f o r  OUT model a% 

0 
M 
c M = - per  unit area  in 8 I; x 5 c 



-10- 

t g h  er e 

w = (x-C) cos e-q s i n  8 a 

All the orders of' i n t e g r a t i o n s  can be changed here although they 
look quite  cl i f fwent  because of t h e  coniglicated s i n g u l a r i t y  
(See Appendix TI). 

As in the two dimensional case t h e  2nd and t h e  4 t h  i n t e g r a l  

can be simplified by the use of t h e  cantour i n t e g r a t i o n  (See 

Appendix I f i. e, 



For the change of the order  af In tegra t ion  in the 2nd' term far 

~~~~~~~~~~~ 3 should be nuted,  The domafn of the i n t e g r a t i o n  

i s  the  shaded area In the figuse. Thus, 



sec"0 cosee8  exp(-2fk sec"B)[cos(k (x-E, ) s e c b  - sk  s i n 8  sec%)- l ]  de 
0 0 1 0 

k sec"0[k sec28 cos(2nif) + msin(2mf)] 
dmd0 0 

I 

where 
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U- 

. . ~ .  . . I _ " _  " .  . . . .. '-.-.- ~ - 
; : I  _ '  
" _. I .. . . 
.. - . . .  .. n/e - c, 



Yence, t h e  Jat;t. t h ree  Integrals In Equat;l.cn may well be 

neglected I 

.../ 
, .._*-- / 

Fsr  computation, t h e  varrlable o f  fntegi?at .€sn 1 s  changed by 

t a n  8 = t 

dt sec'a = t' 4- i d@ = - 
t"+ I. 

Tklen the  f i rs t  i n t e g r a l  of  Q u a t i o n  fE.53 becomes, 
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6 I 



0 ,  In Flguz3e g t h e  oscillatory n a t u r e  o f  t h e  

t h e  c e n t e r l i n e  with  d i s t a n c e  downstream f a r  Froude 

shown for t h e  case f/c = 2,  

1s well known9 the wave l e n g t h  is app rax ixa t e ly  

= 2,  and aspect 
1 

-- 

T f i  the ~~~~~~ Prsude number range (1 < F, 5 " c )  t h e  v a r i a t i o n  

o f  t he  dsiwnwasn is very  large for the game range  o f  parametem 

cons?dered,> The ef fec t  ar  depth is n o t  only An decreasing t h e  

Frtsude number far the same -speed, but  e l s o  in the decrease of t h e  

~ ~ ~ ~ ~ t u ~ @  o f  downwash far t he  game Frtsrlde number, Although che 

@ m e  o f  smal l  Froudte number ( less than 2 )  i s  not  caXCu3,at;ed here, 

It; I s  easy to see t h a t  t h e  doivnwaah will be srna2.l for F < 2 be- 

cause of t h e  f a c t a r  exp(-2fkosec20) in the in tegrand  of Equa t ion  

1183. This i m p l i e s  a l s o  t h a t  a t  l a rge  depths of submergence t h e  

downwaspi becomes s m a l l ,  Of m u r a e  at3 we approach It.lfS.nite dep th ,  

the limiting v a l u e  of the ciowr,wash approaches zero for o u r  model 

o f  source distributions l o c a t e d  a t  t h e  same depth as t h e  f o i l ,  

F 



due to l a r g e  depth,  Since bhe foil I s  u p e r a t i n g  w i t h  a c a v i t y  

Figures  15-17 show $he downwash due to t h e  vortex l i n e ,  The 

papameters of In teres t  a r e  taken  exac t12  the same as for the caae 

of t he  source distribution. The a l g n l f i c a n t  difference from the 
case of t h e  8ourCe d i s t r i b u t i o n  19 t h a t  t h e  dawiznash becomes large 



r e l a t i o n  between CL and M f o r  p r a c t i c a l  hydrofo i l e .  ~t can be 
1 

az the slope Of cavi ty ,a lso  --Ti? where a = 

E is the angle o f  a t t ack ,  in two dimensions under  a f ree  

and  Z ~ P U  cav i ta t ion  number. Therefore, if M i s  about  
e eirne~ as Large a s  6, the p a p h s  sf downwaab due to both the 

and the vortex in t h i s  report; could be read with the  same 



In uxder f o r  the  Integra an w i t h  respect to k to be performed, a t  

d be: pald to l"f$zlres s f  G B S ( @ - @ )  and cos 0, sZnce t h e  contours of 



APPENDIX 1 

In firder fer t h e  integration w i t h  respect  to k to be performed, a t t e n t i o n  

should be paid  Lo r-lgures o f  eos(EW-5) and cos 8, s l m e  t h e  contours of' f n t e -  

gra t lan a r e  d i f r e r e n t  depending or"] W e  sign of w as  shown i n  Figure  2 .  When 
1 

e signs af cns(@+C ) and cos 8 a r e  oppos i te  t h e  cont r ibut ion  f rom t he  
1 

'i 
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