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This document contains -5.p%3@8
SepLember 2, 1944.

The following is a memorandum from von

TOz J, R, OPPENHEIMER

FROM: J. VON NI!XMANN

SUBJECT: SURFACE ViATERWAVES EXCITED BY AN UNDERWATER EXFLOSION

I%u Navy Bureau of Ordnance, Section Re 20 has made experitnents on

this subject, and further experiments are now in progrese there, as WO1l as

at the Underwater Explosive Laboratory, Div. 2, NDRC, at Woods Hole.

The”Bu. Oral.experiments were made with big oharges: 3, 6, 21 and 46 (~)

thousand pounds of TNT, in 40 feet of water, exploded at the bottom. The maximum

bubble radii of these are about 38, 48, 73, 95 feet, respectively. Thus the two

first ones nearly or just about break surfaae , while the two last ones ought to !

produce well defined holes, compfirableto those which are produced by M~illan’s

procedure. The hole radii ought to be somewhat less than the oomputed bubblo

radii, since the bubble in the last stages of its expansion has less than atmos-

pressure.
,, . .

Now onc of McNillan”s series of observations gnve”this:

Neumann to Oppenheimer dated 8/28/44.

Diameter Wave wave Wa”k’e Time Saaling Soale
of Hole Velooi%y Length Period Fa~or Comparison

(D) (v) (k) (t=A/’v) ~s
.—

3W
in

1!3.2gd~ 4.2 “ .28 Sf30 1

.

8“ 24.7 s% 11.2 “ .45 seo .61

~~ !1 31.9 A ~f3.2“seo,.] .57 sec .5

Sealing this up to 40~=480n depth gives:
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alont hole radius ‘}is of the order of but less than 190’ (see above), henoe the

scaled up value of 120’ is acceptable. Ti~enx

,,of ,...120? , ..::af

observed values.

So the 48,000 pounds oharge scaled essentially oorreotly from Mc%llan’s smallest

soale experiments, whioh were below it by faotors of 480 to 120 on the linear soale$

Theoretical efforts were also made to undkrstxindthe surface wave excitation

by an underwater explosion. The inital work is ltirkwoods,some modifications were

su;gested by IIerring,what I desoribe in the followinC is a still later version,

whioh seemed most satisfactory to me.

The oaloulationswhioh follow dosoribe the explosion by it~ gas bubble,

-s whioh is assmed to be at depth R, in water of depth H, and the bubble is treated

as (ipoint. It is supposed, however, to displaco a volume ‘?(t)of water which must
s

be known as a funotion of time, i.e., the bubble is desoribed as a point source,

with the intensity x(t) =@(t)~/dt at the time t.

This is, of oours~, rather far from the ‘Fholein the water” model, but

it may Give an idea of the orders of magnitude of the quantities involved.

Usin~ coordintitod.s,r (see Figure) for a general point P, let

$=*(p,tl = ~(z.r,t)

be tie velocity potential. The

water

alone

* given

is treated as incompressible.

The effeot of the source

would be a velooity field

by the potential

Surface

IH*
r

HR
Water ?“

‘- Source C=Bubble

1
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point, i.e., by using the potential

In order to acoount for the influence of the surfaae as well, a further

potential, must be added, whioh is rq$ular everywhere in the waters i.e.~ the

final potential is

$=$. +,=

Now the differential equations for *I beoome:

(1) V2$, = o (incmnpressibility),

(2) ?@l

I
=0 {bottom),

hz Zao

Applying n Bessel transformation (in r)

@ = @ (z, r. t)= r
f(z, k, t) Jo(kr) kdk,

t b
0

(l), (2) are satisfied exactly by

f(z, lrot) = F(k,t) cosh(zk),

and (3), after a Be6sel transformation bcoomes

02F Gosh (Hk)+F* gk ainh (Hk)=
%?-

1 dzx &
=(gx-- . g) 2r (e-w oosh (H - R)+.
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w +,~2 F =

%?-
I d~~ .~ e-Hk

=(gx-~~t
%%--!*- ‘

where

rJ= Q(k)= g k Lanh (Ilk).

This gives

b

$d8 +

+ At (k) CO; (ut)+lltO (k) sin (@t).
o

Ass~e that the explosion oooured at t = C),i. e., V(t)~ O and x(t)~O for t<O.

* Then necessarily +:.0 and %Ith it f% O, FSO fo~ t<O. Hence for a ohoioe to~o

necessarily +0 (k]~Bto (k)~o.
>

Two partial integrations in the abo~e expression for F allow to replaoe

d2x(S) dV(S)
~ by x(s), and one more. to replace x(8)= — by V[s). Remembering to<tl

ds

findits implications, this gives

Nowone oan put, by continuity to=O. The main eff’ecitsoocur after the

bubble haa oollapsed. Assume therefore

V:s) s o for s<O as well as

for 8>T,

● the T>O being the significant bubble period. Assume further t>’f~ Then
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From this

.—.

( JRemember that@=@(k) s gk tanh (~) )

These formulae allow to oompute the voloaity, pressure, surfaae wave

height Sverywhaw. Numerioal aaloulations are being oerried out

S“ectionRe 20, Washin@on, and by the Applied &thematioal panel

??ewYork.

now in the Bu* Oral..

Computing project,

Some preliminary results seemed to agree reasonably well with the big

oharge experiments

(P.s. My forwulae ought to be cheaked.although I think that they are

oorreoto)

*
.’”.

.
. . . f-h. :“!...
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