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Nu = 0.8 Pr%3 Reo31 (23c)

for Re < 1. For the long cylinder (unlike the sphere), Nu must ap-
proach zero as Re approaches zero, in agreement with the foregoing
type of equations. These three equations (23) define the relationship
Nu(Re) with sufficient accuracy for our purposes.

We can again express the sinking rate in nondimensional form.
Using the relationships given by Lamb (1932: 616) we obtain

Ref.Pr 9 d>3
@)

x—InBe 2
where
o 8xf.
= Re(k — In Re)

is the drag coefficient, and f.(Re) can again be determined from em-
pirical data (Goldstein, 1938: 16). For Re << 1, Oseen’s investigations
(Lamb, 1932: 616) lead to f.(Re) = 1. Here x = 0.5 + log 8 — 5 =
2.00, and 5 = 0.577 is Euler’s number. Setting s = nd, p = wd?*/4,
and ¢ = 4 gives G, = 1, and

F. = 4x727% Nu (d/dy)=2 = 0.23 Nu (d/do)~2. (25)

We then substitute for Nu in terms of Re according to (23) and for Re
in terms of d/d, according to (24).
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APPENDIX II.

The ratio “R” between the displacement of a rigid sphere of density
p + Ap to that of the water (density p) at the position of its center
when the sphere is absent is given by (Lamb, 1932: 659-661)
Ap

R=1———, (26)
of + Ap
where
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According to Table II, 8 < 1. Furthermore, 8 < «, provided
2v5/C? << 1 or ¢ < 102 sec~?. The simplifications resulting from these
approximations have been incorporated in equations (26) and (27).
The following extreme cases should be noted:
1. The sphere oscillates essentially with the surrounding water (R = 1)
(a) if its density equals that of the surrounding water (Ap = 0), (b) for
low frequencies (¢ = 0, 8 = 0), (c) for small spheres (d = 0, 8 = 0),
and (d) for very viscous fluids (v = o,y = 0). 2. The sphere does
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not partake in the oscillation of the surrounding water (R = 0) if its
density is large (Ap = o0).

If Ap K p, R = 1 — Ap/pf’, then the mean value of Viphere — Vwater
equals

2 A
— V== S,
T P

where f,’ and f;’ are the real and imaginary parts of f’. Combining
this with Stokes’ equation for a small sinking sphere leads to

f(v) = ¥(4v* + 1292 + 1842 4 18y + 9)71~. (28)
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Footnote 10 (added in page proof). Prof. Paul Epstein has just drawn our atten-
tion to the fact that the method used by Kronig and Bruijsten (1951) leads to a
divergent series, and that only the first two terms in equation (22) of Appendix I,
p- 238, are correct. The third term should be — % Pe? In(3Te!/* Pe) instead of
+ (581/1920) Pe?, where I' = 1.781 is Euler’s number. Actually the numerical
values and the curve in Fig. 1 are not appreciably affected by this correction.



