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Typical velocity fteld plots for il.ese low
aplitude calcylations are shown in Figs, 9 and
10. The entire velocity field in <rese >ianes
is not shown, dut only the region near tne :zy°-
inder. Algo, che magnification af ne velocity
vectors varies from plane to plane. elccity
fielas in 2lanes norwal 3o the ax!s of he cyl-
mnder are ingwn in Fig. 5. “he left velocicy
field 1s of °he plane nearest the cylinder ena
and the rignt plot is of %re velocity ielc in
the dlane imemdiately outside cne cylirger enc.
At the time of these clots the Cyl'nager 1is ~ov-
Ing %0 the right after 2.11 periods of oscilla.
tton. Ihe three-dimersional effect of the 12w
15 clearly shown :n the rignt plot. “he larger
velocity flow at ine lef?  Jownstream! ecle 0°
he cylinder does not continue past the cyl:inger
end in 2ris plane, Sut flows aroung :"e edge.
this 15 also c.early shown in “he rignt 2lot 0°
Fig. 12, wnicn 1s of a norizontal plane near ne
vertical csnter of “he cyltnaer. “he ‘lure¢
‘lows arcurd tne dgwnsiream side cf ire ¢y'ir-
ier. "ne vse@lacety felc 'n v veriical slane
mreugn tne tercter f tee cslincer arg Dariy!’el
2 15 xS s srowr ‘n tme left D'a% in Flg.
'e. Secardary vortex flow is seen =ear ‘re :zyi-
*nger en3 :n all tre dlanes shown, <cwever, IS
e lhe tw0-dirensioral calculatices, % ese /2r-
%1ces appear 2 nave ~¢ s1gm¥icar: inflerce an
e ret “ycrocymJPic ‘trces Jr the doZy.

adf2e plizLle

“~e =08z igmfican: 2%%ce 37 :me :n-
ireAse 'r yrpliiuce 11 tte Two-girpnstoral (3~
culatrors. a8 cisc.SSec atove, =as 3 sisrvei.
int fecrease °n ce znase sn1Yc :f o :,mamic
Tressure ‘crie -e'aiive 0 ire zyTircer 2::--
sacemar: Irase. "™ ‘crce argitiuce °‘rcreases
‘ieeirly with 2ng z,lircer Sisclacerens 3¢ -
t-de. &e¢ "age corresperiingl, Tarje 27D ‘tuce.
aree-21 crstoral zal:iLlatiung %5 Cwpare o'
re lwg-l1T@mS:cnd. S%uCy-
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€. 7. icca! velcc'tles in :zianec rorta’ *c e as*3 17 %¢ *Srepettmeryrrnal teearcl”y
nerifonds.

Tew arriicude =co'sr af%r 2.1

“ha three-dimensional calculations were
for amplitudes ¢ votion from J.J388 20 5.216 nf
the Seam widt™, '.e.. 220 n 20 5.57% =, ‘At
larger amplitudes “Fe ‘ree surface slade ~ear
the cylinder ena vioTa%eg the code ~equi-emer:
that “re slore not Se greater %nan Lre siote
of the cell Jdiagoral.' The arafs of zme €5°
irrangular cylinder «as 2.365 peam aictrs anc
the length %0 zraf? aspect ratio mas two. At
‘n the two-dimgrsional :ase. :%e ‘orce argi--
tude ‘ncreased "‘nearl, 3s e c, lincer :lis-
tlacergns arpi'tuce ‘ncreasec “see Fiz. .
-gwgver, as “een °n Fig, "1, tne Jecrease °=
*ne crhase sni’: af tre yndtic Sresiure ‘orce
relative %0 :=e cyl®ncer 'isplacerment ;rase =:-
served = “he wo-Jim@nsiong: :ase =ds *C7 3C-
served ir inese “Irite-length :aliLlaticrs.

‘he znase sni®s is "ess ‘ar al! ampittuges
=otior Sut does ~ct decrease 3'gri‘’:yrtl. as
the JPDLilude YrCreases. 1% *s 0sSitTe, “fm-
ever, “Rat 3% 3%°1° larger arplit.ces ;¢ =¢:v:ir
g Jrase =" ’" acui” IPCw ) ec-eate.

‘re adoed -as: iva amiceg czecfisces:,
setemingad ‘™ Ctese SMree-Itmerscita’ a7 ..
“LI0NY Are IirpaTeC L1%% TR tuCestTeestica’
ICLAIURF 1ata arg “*rear imenry i
nc "I, ln «@eLING o°t" "te LwCeltT@ricire”
ata, e icdec "ast tevfi:itenty 3re Lt tece
‘en Jer :ar: 7 tme “teppr teanr. .
izeffiziert, 178 F. $3°° g3 =mg rremz v =-g
crase srv 9,

- a f.-.s_ -

=e QArT-er °c%gg %4t "t teg tefsecn,
'engin case thMe :mase 100l elrsasel st tos
MqQy v@ 3Ci%. “TIcdales - .2.. 1° “irver 37 -.
T.Ces 97 T0%°Cr 3t 1 et ‘res . ec*; ‘ec:.é "*:
“ s sTosre: ‘.river L et e ,vie: Ct
%@ SCCu ArC l1.S8T the frria cc tme LT ceiee
TS Z@ TeTE "N 1C35@ &% "€ ICCy. C.€.. ‘"4
Irase $1° %% 405 -eCLces. e crotar’
f3r =ne z-ase :='4" 0l letCedst~g it:
‘y *m tme “imrie “erain [3te i "3t 3

wree

......

b cmran 0

[ Lt

..'.. I T
Tre "ef? zint Vi tte rlang rearest cte ;.
arc the rign’ plot ‘s ire z7ane ‘rmeciateiy oLliside the o4 trev
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Tee T LaTiCtTTat t=m g Jerseca T'ame ttesuor “re certer of tte 2 ircer and zaratiel tr St ar’s
*avt  gng c= 3 Terczvpeal z'are aey= e .arzicy! center ¥ tee ilircer richt’ atcer
I, rercors.

2D rruces 14 mtntoe fl,ic fliws ‘ree’ys artenc
ey o, "ctemgee img oré l3es "ot Zaili .5 At teme
- les,

Tob *Tiw 3ATSEIT™M ergurg tne Iyitrcer “cr
-v¢ " ."%¢ 4~C)'%.CES rernfcrzes "nis -rterrra2-
sve -, Toires 5 oanc 1€ srow the sellcity
=2 1 war see zg%crnger ‘zr an amplit.ce 3¢
TToeaar Lvgins TIL26 ) arier ta0 Derices 3¢
;mitatter, icatm, tne majr:ficatior cf the
w20t ewcitrs s rifferer: ‘ar each 07 tne
"args . Je"ic'ty “ieler in :zlares “morral o
*sp ants (¥ e Cyltnger are snoen in S4g, VE,
“re @t .a":rctty secir 27ii 13 of Tne Dlane
-1rgus =e :.iirger enzi. +s czserved r Fig.
*sr *re t40-di=@"s-2nal 3se. very Stirerg
viiriar, scrted “'ia 3 ‘ormea rear ine ti; Of
cvg t.Ttesu=. “=g rezpe 200t °n Tig. T g of
~ea . are -wez-aie’y sutsice “~e :iy'incer erdq.
-otme Ttte ¥ tmese Iists ke Iilfrier nas
“vagmen tte “eftmest joni ¢f “ts cisplacerent
:"ar ~wQ DerYcas 3¢ osc¢ttlattor. e et dlot
s e, & g of tre seicclt, “lelc ‘r the
.aes1cas clane tPre,gr tne center tf tre Is%in.
ser ing =ard.tel %o %35 aals., TRris irgws e
‘L afmare =g%ion 24 me Fl,i¢ a1l tne erd 24 cre
.."incer. resulttry cr =me s=alt sortex oft e
LJiingar 2.2 Tne rign: Ziot ‘r Fig. 16 shows
~eg .eCINCAry “"iw TA ine lowRStream s:ce ¢
see¢ -.jinger = =2 =or:zortal :"are ~ear :ne
.wr=ral cserter -4 =re cyite¢er. Tngse veloci-
*-al¢s *= e avtes Tlanes shom e ‘low
Tesrge arg 372 dcwnwar? flow rear

s L%

*re eng “gr =ris time, “he resiiting ‘reg sur-
face cor®icuratisn is skhown in Fig. 7

V.  CIRCULAR TVYLi%DE? .vwPicT

“ne ICLA=SURF ccde aas .sec 72 idinuiate
<ng ‘orce of impact I a :-rcular :yiincer
wuring zonstant veloc1ity #riry :rto 31 ~col 2f
mater. TrRe :ylinder doundary =ds 22trox‘Tated
=y siraign: T'ne segrmens. “re rin:g-fluiz in-
~erface “oundar; condi:icn spplied t> gac= léne
secrgn «as suctessfully usec for zeterriring
=@ aydrodynaric “orces :=n :ne rectanguylar and
erisncular <ylirders in forced -oticn giscussea
acove. Specifically, 2% tvwe rig-o-fliid ircer-
‘ace :ine ce'! sressure is cerive: ‘rcr tne cgn-
s°raint that the normal “l.ic velocity e equal
"0 that of %re :yiinder. as a free ‘lui2 sur-
“ace approaches a rigic =oundary, a1 simple l1n-
ear :cmbination of ihe rigia ara ‘ree tcundary
cenditicn 1s used. “his is eeded %0 z1limingte
*he sucden °ransiticn :n aounda®y condi%ions,
whict Tay resul® ‘n axcessi‘vely ‘arqe oress.cre
scibes. For cartially sucrersed acaies moving
as relatively twmall velocittes, iris a¢ noc
iineer comdiration c¢ boundary corditiong work-
ed very well_ For =%e ‘~pac: oroble=s. how-
ever. a ~odification »as neces:ary because *he
fluig 1ia not articicate :re creserce 2f e
r1aid poundary 'n 3u¥7{c'ent 'iTe “efore i-pac:
and tre calcylaticn ccuseauent'y axkibited un-
acceptably large pressure 2scillatiens.

“nrcugn @ "euristic arcurent “asel 2n the need
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sulting from che trfangular cylinde~+ in
sway motion after 2.0 periods.

for an applied pressure on the fluid just suf-
ficient to bring the normal component of the
fluid and body velocities into agreement at the
time of impact. a brundary condition combina-
tion was derived that did force a smooth tran-
sition between the free and rigid boundary con-
dittons. The new combination uses a quadratic
in the relative velocity termm instead of the
1inear 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 vecto= piots in Fig. 18
show the velocity field with the free surface
and the cylinder boundary at -7.85, 2.48, .0.75
and 18.00 msec. Because the calculation 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 experimenta) 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 total
force was estimated in two ways. In the first,
extrapolation was used to estimate the unmegs-
ured surface pressures and resulted in the -pp-
per of the two experimental curves appearing in
Fig. 19 after te3.0 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 {s excellent, except for some small, high

frequency pressure oscillations around 6 msec.
These oscillations are remnants of the discre-
tization fluctuations that are not completely
eliminated by the improved boundary condition
combination discussed above.

V. CONCLUSIONS

Most ship hydrodynamic problems are solved
by linear potential flow methods. Some limits
of this approximate theory have been demon-
strated by comparisons of calculated results
using the SOLA-SURF code for the full, nonlin-
ear Navier-Stokes equations with linear thaory
and the experimental data of Vugts. An essen-
tial assumption made in the linear theory i3
that the amplitude of motion 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, for the short cylinders
studied, minimizes the pile up of fluid at the
fore and aft cyliraer surfaces, which crused
the large 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 “ree 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 (PS1)

TIME (MSEC)

Fig. 19. Comparisrn of rumerically _cmputed and
exper imental data for the average pres-
sure ger unit lenqgth on an B8.25 in. di-
ameter cylinder impactina with a con-
stant velocity of 7.€5 ft/sec.



.-'.:t..-f o
a1 B | g

wr e
Zatve

"rey ~rening omg aTorel)y Flgle rear thp vTICRUC CViRCEr avts fnp Topg
ter 2owre ov 42 -T.05, 2.485, °T.7%, ams 9. N =g,



ACKNOM, EDGMENTS

The authors wish o @rLDTess 1%e-r AJDrec -

tion 0 ieland Stetr for writimg the SOLA-X
cooe ana for maAy valuable suopRitioOns -n rume
ning he three-dimersional crovlems ard 2
Juanita Selazar for sO ab:y cCompusing % "eat
g figures of this paser.

[ ]

REFERENCES

. d. vire, 8 2. Nichols, amg N, .
domero. "SOLA - ) weer-ca: Selutior 2%
Yorite for “rarscent T i Flows,” s
Adlames Scrent1¥ic Laberatiry reper:
WA-S852 Apry] 3T, _A-GBED, AJowmaur
‘January 1976,

B. . Wicrels ang 2. w. ™17, "Wethods ‘-
Calculating Witi-Dtmenstiona’. “rangrer?
foee Surface Fioms Yass Soches.” Svoc. 3
top Firmyl Intaem, lorf. r Wyoericd SeN
~yCroCYRaNics. 1tersbug, W CETEC,

oo Niels anc DL e T, ummrorat
alzaiation 2 wpwve fooces or Sheugiuves,
Sepc. 2¢ the ToTilgertit lrlem. ord, Ooe
Joasta’ ItCingerier, -~orpTLl.. . T3%E

3. 2. wicnely rg D e, wirT, unn s ugher
wr evfoiTec ‘or the ¥ice 0f Nawd’
Wpseercs Jroer riract W 60-4E5

c. & = ang .. . Ygmnge. Prripelcs
‘or wempeccd” lvmiatior o4 ETufC Boc
Ap*ndynamics, Fror. o7 the seragvmarc.
orag “pcrarisms Svmposc e Tresemter o
@rer)” WoorTT lesearst L adoTacce:
darves WD CiT¢S

Joo-. weMBUSer, e Woltor C Fiopicel
Aosces. Ay’ Sgview = T e Wprver-ss.

e e

J.om0 butti. The SvomnCVTmart, JTefe.
IterSy ‘Cr CmayvcTC. vesvtnE, e 0 -eg
lettnaers v g Tepe T eface., mlevmglcne.
" :eropicrieg Peocewe:, 72T -

Lome U Tgren, Teltmt. Trwe leces”.”
(mEItTLte Deve SDemprtrt L ceroec .

Trt.ate _ommyr gt r e



