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ABSTRACT: The p rac t i ca l  t h r ee -d imens iona l  problem of hor izonta l  

hydrodynamic  impac t  of a f loa t ing  body was e x a m i n e d  for the first 

t i m e  by E. L. Biokh [1] who obta ined a solution for the case of a 
sphere ha l f - submerged  in an incompress ib ie  f luid.  V. I. Mosakovskii  

and V. L. Rvachev [2] obta ined a sointion of the same problem in 

closed form. 

The results of [1, 2] are ex tended  below to the case of an arbi t rary 

depth of submergence .  As in [1, 2] ,  i t  is considered that  there  is no 
separat ion of the f luid from the wet ted  surface of the sphere. 

w Let a sphere of unit  radius x z + yZ + (z - h) z = 1 f loa t  in an 

i d e a l  f luid f i l l i ng  the ha l f - space  z -> 0. As a result  of a suddenly ap-  

p l ied  impuls ive  force,  the sphere, which at  first is not moving  is set 

in  t rans la t iona l  mot ion  a long the x - ax i s  with a speed U0. Then [3] ,  

in the absence of mass i rnpuls ive  forces, the mot ion of the f luid is 

po ten t i a l  af ter  the impac t ,  and the ve loc i ty  po ten t i a l  ~" is a ha rmonic  

funct ion connec ted  with the impu l s ive  pressure Pt by the re la t ionship  

Pt = - P ~ ' ,  where p is the densi ty  of the f lu id .  

On the free surface of the f luid 

~* = 0. (1.1) 

On the wet ted  surface of the sphere, on the strength of the assump- 

t ion of i m p a c t  without  separa t ion  

O~* / On = v n .  (1.2) 

Here v n is the projec t ion  on the no rma l  to the surface of the ve loc-  

i ty  of points on the surface.  
At inf in i ty ,  the f lu id  is not in mot ion ,  and 

grad (p* = 0, (1.3) 

The po ten t i a l  f low of the f luid is def ined unique ly  by condi t ions 

(1 .1 ) - (1 .3 ) .  

w Let ]hi < I. We introduce the to ro ida l  coordinates  

c sh a cos "r c sh a s in  "r c s in  
x =  c h a - - c o s ~  ' Y---- c h a - - c o s ~  ' z ~  c h a - - c o s ~  " 

If ~3= B0 is the equa t ion  of the wet ted  part  of the sphere, then h = 

= cos ~0 and c = sin g0. The free surface of the f luid has the  equa t ion  

= 0. The boundary condi t ions (1.1) and (1.2) t ake  the form 

Oq~ c~Uo sh a cos "r 
(p" = 0, ~ = 0 ,  ~ (ch c t - -  h)~ ' ~ = ~ o .  

We shal l  seek  the solut ion in the  form of an expansion into a gen-  

e r a l i zed  Mel l e r -Fok  in teg ra l  [4] with respect  to the associa ted  Legendre 
functions 

(~, ~, ~ )=  
o o  

= c-V-o ~o~ ~ g ~ h  ~ - -  cos ~..~ A (~) sh ~P_,~,+~, (oh ~) d~. (2.2) 
0 

In this  case,  the first condi t ion  of (2.1) is sat isf ied,  and the  second 

condition is sat isf ied i f  

F (~) t%h-g~-c h 
A (~) - -  "r ch ~oI: (oh a - -  too) 

( o ) 
~'r th gT 1 (h),m o .~. h - -  ~ th ~o'~ .F ( T ) =  c h ~  P-' / ,+~ 

In f inding  A(r) ,  the  l e f t  side of (2.2) was expanded  into an in-  

t eg ra l  with respect  to the assoc ia ted  funct ions,  which is a c h i e v e d  by 

differentiating the following relationship with respect to c~: 

oo 

1 = f F ('0 P ,/ i ,  (oh ct) d-r. (2.3) ch c t - -h  - -'* 
o 

In par t icu lar ,  on the wet ted  surface 

sh 
(p(a, 13o, ~ ) - - - - 2 c U 0  _ c ~  h ' 

co 

(* F ( ' t ' )  ~ 1 o a )  d ' ~ ]  COS ( 2 . 4 )  

o 

- -  0.# 

-I.0 0 LO s 

# 

3.0 

w Let h > 1. We int roduce the b ispher ica l  coordinates  

c s in  a cos "r c sin :t sin 7 c sh 
~ - -  c h ~ - - c o s a '  Y - -  c h ~ - - c o s a  ' z =  c h ~ - - c o s a  " 

Let B = /h be the equa t ion  of the sphere c = sh ~, and h = ch 31. 
The equa t ion  of the free surface is ~ = 0. The boundary condit ions 

(1.1) and (1.2) are wrk ten  in the form 

O~ _ c~Uo sin a cos "f 
(p=O,  ~ = 0 ,  ~ = ~ x ,  0"-~'- - -  (h__ cos ct)2 . (3.1) 

Here ~ a, ~,y) = ~(x, y, z). We shall seek the solution in the form 

of a series [5] 

(p (~, ~, ~ )=  

n = l  

The first condi t ion  of (3.1) is sa t is f ied.  In order to satisfy the 

second condi t ion,  we d i f fe ren t ia te  the known expansion with respect 

t O  c~ 

co 

t ~ (2n § t) Q~ (h) P~ (cos ~), (3.3) 
h - -  cos 

n = O  

and c o m p a r i n g t h e  result  with O~/OB l obta ined from (3.2), we find tha t  

2Q .  (h) l f ~  

B~ - -  cb (n + 1/2) ,a~ (m - -  cos ~) 

( ( t, 
m 1 = h + T n ~ t h  n @ ~ /  ~t!.  

In par t i cu la r ,  the expression for the po ten t i a l  on the surface of the 

sphere is of the form 

sin ct 
q,(a, ~, % ) = - - 2 c U o c o s ' r  h - - c o s e  + 

co 

"~- (h- -c~  ~ E ( 2 n @ t )  Qn(h)  p z (cos a ) l .  (3.4) 
m l  c o s  ct A 
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w The apparent mass coefficient of the sphere acting along the 
x-axis 

Pt 

(st 

Here Pt is the resultant of the impulsive pressure forces directed 
opposite to the motion of the sphere; V is the volume of the displaced 
fluid. 

Ill the case of a partially submerged sphere, we have 

")__" ~ (i--h)"- I th.~T cos1:t ~x (h) = -  l Z ~  x2 t - ~ - ~ o  ~ "(cht--h)'/' dt•  
0 0 

)< + (ch s__ mo)ff, j cos ~:s ds. (4.1) 

In these calculations, we make use of known integral representa- 
tions of associated Legendre functions [5].  

I fh  > 1, then 

~,x(h) = 2  + 
o~  

(2,, --  1) 2 
-~3c s ~.~ lh(n-~l/2)[:ll Qn (h) [c2Qn' (h) - -  (mi2 - -  t) Qn" (mi)]. (4.2) 

Taking the asymptotic behavior of the functions Qn and Qn' into 
consideration, we can obtain from (4.2) Xx(,O) = 1/2, which corres- 
ponds to a sphere in an unbounded fluid [8].  

The results Of the calculations performed with formulas (4.1) and 
(4.2) with a relative error 6 < 2% ate presented in the figure. 
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