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Typical velocity field plots for tl.ese low
aplitude calculations are shown in Figs, 9 gnd
10. The entire velocity field fn Srese =ianes
is not shown, but only the region near 2ne zy'-
nder. Also, che magnification af 2ne velocity
vectors varies from plane to plene. Velccity
fielas in >lanes norwal %o the ax's of che cyl-
nder are ;nown in Fig. 5. "ha left velociey
field 1s of °he plane nearest ihe cylinder end
and toe rignt plot s of tre velogity *lelc in
t=e Jlane imemdtately outside %ne cylirder gac.
Ay tne time of these clots the Cylinger is ~ov-
1nQ 0 the right after 2.11 periods of escilla-
tton. The three-dimersioral effect of the 10w
1s clearly shown :n the rignt plot. “he larcer
velocity flow at =ne lef: 'Jownstream! ece of
the cylinder doms not continue past the cy!inder
end in 2ris plane, 2ut flows aroung “"e edge.
Th1s 13 also c.early shown in the rignt 210t of
Fig. 13, wnicr 1s of 2 norizontal plane nesr tne
vertical center of che cylinger. “he *luie¢
fiows arcund ne dgwnstiream side cf tte ¢y'ir-
Zer. The veldcity flelc in 2@ verzicad] slane
mrcush tne cernter f tha Cslincer arg dara!te!
2C 115 MXIS S srower ‘n tme left 2'at in Fig.
‘a. Secardary vortex flow is seen ~edr ire :y'-
*nger ¢ng in 21) tre Dlanes shown. <cwaver, 3s
r the two-dirensioral calculaticrs, Z-ese sar-
21Ces icpear °c nave ¢ sigm¥icar: infl.grce an
e net “ycrocynJric ‘Irces 2r the do%y.

cdroe plitlge

Tne —082 Trgmificant 2¢%ct 3¢ ime :n-
iredse ‘roarpleiuce 11 tte “wo-2irRnsioral Ca-
culatiars, a5 ciscuSSecC above, =as 3§ 5isrvei.
IRt Jecrease 'm tme cnase smifc of tne I mamt-
sressure “crze -e'ative 2 tre Cytirger 23:-
STacemart crase. Tme ‘Srce ardiiluce ‘rereases
‘irearly with 2ng 2;lircer cisclacement 3¢ -
t.de. < Tage zorrespcrzingiy arge a7D'‘cuce.
nree=21- 'rstoral cali latiung 15 cwDare wttv

re lwo-31Tensicndl §%.Cy. TR tme Yimtie Teraim o ge c1 TRt gyt Taere
- . P
- I
-~ — - .
] LY i L] - -
S~ —
\_\\\“__. \—'» ] B
\,_\\\r \‘——— ' 1 - —————
R e et A w———— | ot N
R R D NG -\\\..-- Y -
N mmemem Y et | ...... .--
 mecer=a ‘\\l| Vs ' W emm e o~ -
 he e e NSNS Ve e e .-
....... \ RS ’ . - =
A .
:
Nt i ......
[ N } L
i
o ]
Fie. ®. Lcca! velccisies 'n zlanec rorral °C 2"e an"s 27 %%¢ i repottmergermal tevarcltrr L Ccmcer o

lcw arpiicuge =c2'-r af%¢r Z.1 nerlods.

The 'eft sin® i *re zlang caarect ke -,
arc the rignt plot ‘s tre plane ‘rmeciately OLlsrde the 4t trev

Tha thres-dimensional calculations were
for amplitudes o¢ votion from J.058 %0 5.216 nf
the Seam widt™, ".e.. .320 7 20 5.07% =, ‘At
larger arplitudes ke “ree surface slade ~ear
the cylinger eng viola%eg the code ~equ'-emer:
that *re sloce not Se greater 'nam tre sioze
of the cell Jlagormal.' The arafe of tne €5°
triangular cylinder «as >.38% bear «icirs anc
tve ‘ength %0 sraft aspect ratic mads °wo. A
‘n the two-4imgrsional :case, t*%e ‘orce irc''-
tude 'ncreased Cingarl, a5 °™e c,linger tis-
clacerment wpiltuce ‘ncreasec ‘see Tz, .
-gwgver, a3 t¢en °n Fig, "2, tme Jecrease 'n
cne crase sni’c af tre aynamic cressure “orce
relative %0 =e cylinger ‘isplacerment srase ::-
served " the *wo-Jirenstond’ case =485 ~c® 3C-
served ir inese “irice-length :al:zulatices.

“he cnase shi®: is ‘ess ‘ar al’ sepitcudes ¢
=otior Sut does ~ct decrease sigrifl: yrel. as
the aFDi1tude 1rcreases.  1C s D0SSitle, "fm-
ever, °rat 3% st*7' larger arpléc.ces ¢ ~¢cuv:ir
cme Drase ¥t aculs sPCw 3 ‘ecroace.

“re a00€g —as: 3r3 arsten Czetfitert,
ete™ingg ‘rr ctese Shrae-l'mgricira’ 3 .-
‘ATIONS APE IUFDATSC 41 e SwC-ctTer§Uirg
CLA-SURF Jata irg “tresr tmesry - fhs U
INC 'S, In c@eLING o°%" "me TC-itTeritir”
sata, e acdec —ast zecfiltents 3re e .
‘en Jer gt % ire Tt-egr teenr,
cefficiert, 1catr, 40
prase snvee,

.
“e3 tme "rang -e t-g

"¢ Qariter =atgz M4t "¢ cre
‘engtn case e crase Imt4L tesrsases :f tes
200y v@'2CiI%. "ToTeASes .2, 1T Tirver 3vr-.
t.Ce5 2% m0TUor 3t ) et rmc.efcy te~r.E "
T .i2 slosres YLremer oL 3w tve ,ce: °
m@ 2CCs AFPC [2.5€5 M@ YIrsa ¢ tme -, T crigw
%S e Tgve 'n I-35E att™ "Te ¢y, '.e., ""e
crase $7° 9% 447 -ecLces. Tte -crazar’
‘I cpe c-ase =4 m0T leTTedstng Ltimmdt s-e.
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Fig. 17. Local free surtace configuration re.
sulting from che trianqular cylinde- in

sway motion after 2.0 periods.

for an applied pressure un the fluid just suf-
ficient to bring the normal component of the
fluid and body velocities into agreement at the
time of impdct, a brundary condition combina-
tion was derived that did force a smooth tran-
sition between the free and rigid boundary con-
ditions. The new combination uses a quadratic
in the relative velocity term instead of the
Tinear term used in the earlier ad hoc exnres-
sion.

The average pressure on the cylinder, 1.e.,
the vertical force per unit length divided by
the cylinder diameter, was determined for a
cylinder with a diameter of 8.25 inches and an
impact velocity of 7.70 ft/sec. The calcula-
tion was run to a time of 18.0 msec. At this
time the fluid has reached nearly 90° around
the cylinder. Velocity vector= piats in Fig. 18
show the velocity fleld with the free surface
and the cylinder boundary at -7.85, 2.48, .0.75
and 18.00 msec. Because the calcu]ation starts
some time before the cylinder hits the surface,
we shifted the calculated time scale so that
the computed and measured peak forces occur at
the same time.

A comparison of the numerically calculated
average pressure and the experimental data® is
shown in Fig. 19. (The experimental data is
for an impact velocity of 7.65 ft/sec. and the
computed data have been scaled from 7.70 ft/sec.
to 7.65 ft/sec. for this comparison.) The ex-
periment only had pressure transducers located
along a portion of the lower surface of the
cylinder. When the cylinder was wetted beyond
the highest pressure gauge location the cotal
force was estimated in two ways. In the first,
extrapolation was used to estimate the unmeas-
ured surface pressures and resulted in the "p-
per of the two experimental curves appearing in
Fig. 19 after t=3.0 msec. The lower curve is
the result obtained using only the measured
data and ignoring the pressures in the unin-
strumented region. The agreement between the
computed results and the upper experimental

curve is excellent, except for some small, high

1

frequency pressure oscillations around 6 msec.
Thase oscillations are remnants of the discre-
tization fluctuations that are not completely
el iminated by the improved boundary condition
combination c¢iscussed above.

Y. CONCLUSIONS

Most ship hydrodynamic problems are solved
by linear potential flow methods. Some 1imits
of this approximate theory have baeen demon-
strated by compar.sons of calculated results
using the SOLA-SURF code for the full, nonlin-
ear Navier-Stokes equations with linear theory
and the experimental data of Vugts. An essen-
tial assumption made in the linear theory i;
that the amplitude of motfon be small with re-
spect to the dimensions of the cylinder. In-
deed, when this is no longer the case, nonlin-
ear effects, as shown by the SOLA-SURF code,
can be significant.

Three-dimensional, finite length effects
were determined not to be significant for cyl-
inders with either low or relatively high am-
plitudes of motion. Apparently the flow around
the cylinder ends, fer the short cylinders
studied, minimizes the pile up of fluid at the
fore and aft cylinaer surfaces, which coused
the Targe amplitude effect in the case of in-
finitely long .yiinders.

The calculations of the cylinder impacting
onto the free surface forced a needed improve-
ment of the transition from free to rigid sur-
face boundary conditions. It also served to
further validate the SOLA-SURF code as a useful
%ool for calculating nonlinear fluid flow prob-

ems.

AVERAGE PRESSLRE (P81)

as |
oo ) z 3 4 ] 6 7 8
TIME (MEEC)
Fig. 19, Comparisrn of rumerically .cmputed and

exper imental data for the average pres-
sure per unit length on an B8.25 in. di-
ameter cylinder {mpactina with a con-
stant velocity of 7.€5 ft/sec.
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