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fig. 17. L~al free surtace configurationre.
sultlng fran ihe triangularcyllndt’ In
sway motfon after 2.0periods.

for an applled prcssure on the fluid just suf-
ficient to bring the normal component of the
fluid and body velocities into agreement at the
time of Impdct. a btundary condltlon canbfna-
tion was derived that did force a smnoth tran-
sition between the free and rigid boundary con-
ditions. The new coahinationuses a quadratic
in the relative velocity tetm insteadof the
linear term used in the earlier ad hoc exwes-
sion.

The average pressure on the cylinder, i.e.,
the vertical force per unit length divided by
the c,ylinderdiameter,was detenwined for a
cylinderwith a dlarmter of 8.25 Inchesand an
inpact velocity of 7.70 ft/sec. The calcula-
tion was run to a tim of 18.0 msec. P.tthis
tiw the fluid has reached nearly 90” around
the cylinder. Velocity vecto-piots in Fig. 18
show the velocity field with the free wtiace
and the cylinder boundary at -7.85, 2.48, ,0.75
and 18.00 msec. Because the calculation starts
son@ time before the cylinder hits the surface,
w shifted the calculated tlm scale so that
the conputed and measured peak forces occur at
the same time.

Aco~arlson of the numerically calculated
averaae pressure and the experimentaldata’ is
shown in Fig. 19. (The experimentaldata is
for an inpact velocity of 7.65 ft/sec. and the
conquted data have been scaled from 7.70 ftlsec.
to 7.65 ft/sec. for this ccmqzarisan.) The ex-
periment only had pressure transducefilocated
along a portion of the lower surface of the
cylinder. When the cylinder was wetted beyand
the highest pressure gauge locatlon the total
force was estimated in two ways. In the first,
extrapolationwas used to estimate the unmec:-
ured surface pressures and resulted in the IJp-
perof the two experimental curves appearing in
Fig. 19 after t=3.O msec. The lower curve is
she result obtained using anly the measured
data and ignoring the pressures in the unin-
strunwntedregion. The agreement between the
computed results and the upper experimental
curve is excellent, except for some small, high

frquncy pressure oscillationsaround 6 msec.
Thes@oscillations arc rmnants of the dlscre-
tization fluctuation that are not completely
Qlimihated by the inproved boundary condition
cmination $iscussed above.

v. CONCLUSIONS

Mst ship hydrodynamicproblems are solved
by linear potential flm methods. Some limits
of this approximate theory have been denm-
strated by cmarlsons of calculated results
using the SOM-SURF code for the full, nonlin-
ear Navier-Stokesequations with linear theory
and the experinmtal data of Vugts. An essen-
tial assusqXionmade in the linear theory i;
that &he amplitude of motion be small with re-
spect to the dimensions of the cylinder, In-
deed, when this Is no longer the case, nonlln-
ear effects, as Shohn by the SOLA-SURF code,
can be significant.

Three-diwnsional, finite length effects
mre determined not to be significant for cyl-
inders w?th either low or relatively high am-
plitudes of mtion. Apparently the flow around
the cylinder ends, fcr the short cylinders
studied, minimizes the pile up of fluid at the
fore and aft cylifiaersurfaces,which c~used
●Je large amplitude effect ~n the case of in-
finitely lang Gj;lnders.

The calculationsof the cylinder impacting
onto the free surface fGrced a needed impmve-
mant of the transition from Free to rigid sur-
face boundary conditions. It also served to
further validate the SOLA-SURF code as a useful
teal for calculatingnonlinear fluid flow prob-
lems.

m
}

. .

Fig. 19. Comparisonof numerically.crputed and
experimentaldata for the average pres-
sure per unit length on an 8.25 in. di-
ameter cylinder impactinawith a con-
stant ~“elocityof 7.65 ft/sec.
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