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A Particle Model of Ocean Waves Generated
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Abstract

In this paper a new particle approach to the study of fluid dynamics
is applied to the generation of ocean waves by earthquakes. Major in-
terest is centered on a molecular type compression wave as the key
mechanism for producing surface water waves. Computer examples for
three basic oceanic topographies are studied, each yielding the breaking

of ocean waves into a bay area.
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it should be noted that increasing y coordinates without also increasing
particle speeds did not generate waves into the bay, while formulas other

than (4.2} but of the general form

+| \ /5 X.)
Vi,0 % (Vi0,x  o/BEXG vy g YRE

could be used to yield reasonable wave motions.
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5.  Geometry B Results

Though examples using the technique of Section 4 were also generated
for geometry B, we smdd.noznmansmﬂm in this section on a more realistic
approach, since geometry B more realistically represents a continental
shelf formation than does geometry A. For this purpose, consider a movement
of earth into the ocean sector as shown in Figure 5.1. Let the coordin-
ates of M, N and P be (3,0), (a,a) and (4.0, ), respectively. Water
particles which were originally in the region EMNP will simply be re-
located vertically onto the segment NP, thus creating a region of high fluid
compression, and, hence, increased potential energy, along this inter-
face. The particles are then allowed to interact in accordance with
(2.1)-(2.8), but with the new wali profile being that of Figure 5.1.
Coilision with earthquake wall NP will be treated simply by merely re-
setting the particle vertically onto NP, resetting its velocity com-
ponents to one-tenth their incident values, and changing the sign of the
y component of velocity.

In order to explore the mechanism of wave generation and the resulting
waves themselves, let us consider an accentuated example in which the
earthquake is relatively large. For this purpose, set a = 2.1, o = 0.08
and B = 0.15. 1In Figure 5.2(a}, one sees that at ﬁmm the potential
energy at the interface is transforming rapidly into kinetic energy.

Though the circled particles all, according to the code of Figure 4.3,
are moving upward with speeds greater than 5,a detailed printout reveals
that, in fact, the average speed of these particles at this early time is

closer to 50 units per second. Figures 5.2{b)-{d). Then show the
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Figure 4.2 (continued)
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i FIGURE 5.2 (continued)
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transfer of this kinetic energy, by a compression wave, up to the surface
of the ocean at time ﬁmoo . The circled particles, again, are those
moving upward with speeds greater than 5. However, in Figure 5.2(d),

so many particles are now included in the energy transfer that the
average speed of those particles at, or just below, the surface is

only about 7.5. Figures 5.2(e)-{n) then show the resulting wave pat-

terns. In particular, {g)-{J) show the first wave to break into the
bay, (k)-{m) show new waves entering the bay and waves within the bay,
itself, while (n) at d&@oo shows the flow of ocean water over the bay
water as the ocean itself begins to reach a more stable configuration.
Completely analogous, but somewhat less dramatic, examples were
run with o =8 = .08 and o =28 = .12. In all cases, the generation
of surface waves by an initial compression wave was clearly visible.
This mechanism 9s of fundamental interest because once one makes
the assumption of incompressibility for water, as is usual in continu-

ous models, this mechanism is no longer discernable.

Ay

d
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FIGURE 5.2 {continued)
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6. Geometry C Results

In many cases where earthquake-born ocean waves have had disastrous
effects, 1ike in Japan, the continental shelf is most realistically
approximated by geometry C. So, 1n this section we will be even more
realistic than in Section 5 by generating the earthquake in a sequence
of steps. Specifically, the quake will be generated from x= 2.5
fo x = 4.0 as a rectangular earth mass which rises to y = .25 through
the values y = .16 and y = .22 . At each intermediate height, the in-
terface is held for five time steps before it is incremented further.
The results are shown in Figure 6.1(a)-(h), where large ocean waves
and wave flow into the bay are evident.

Besides simiiar computational results which were obtained for
other earthquake heights, particles which collided with the sloped wall
were also aliowed to reflect with nonzero velocities. In these cases
a back flow developed which damped the waves which were near and moving
toward the bay. This suggests that the implantation of reflecting sur-
faces into the sloped wall might act as a deterrent to the development
of waves which are so large that they can do excessive damage along the

coast.
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FIGURE 5.2 (continued
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FIGURE 5.2 (continued)
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FIGURE 6.1 (continued) 6
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FIGURE 6.1
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FIGURE 6.1 " (continued) -
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APPENDIX
-~ FLAT QAYs DZEP OCEAN ~ LEAP FROG FORMULAS - INPUT
LF STEDS oD SPECIAL STATTI NG FORMULAS ARE NOT NFEDED ~ TIME STEP
- H=G=1s ¥=102 ~ £XPCNENT IF REPULSION 15 3 AND APPEARS AS 4
SF CoNPANINT FACTORD X7 Y/R - EXPONEKT OF ATTRACTION IS 1.
FACTL? 13 Col Au APPEARS [ VELOCITY REFLECTIONS OF wALCOL
X OPAATICLES trolTo0a28) AxE COUNTED IM FORCE CALUULATIONS
PART CF THI PRIGKA™ TnE UUEAN HAD STARILIZEND AMD THF FARTHOUAKE
YOINLITIAT=D FRC X=1.1 TU X=4. EACH PARTICLE HAS BESH RAISED
SoAT ITe VILSCITYs [N GR0DEZT TO “AKE A LOMNG AMD FLAT wAVEs HAS
SETO.
ITEE Nm22)
1
wT=1
STATE 20T
CITE DAL e XGiNY S YOINT o VXOINY oVYOUIN e XINs2 o YI{Ns2 )
ZiavYINSZIsACKIN)Y sACY N
w &3y Y3v ZTCes HAVE ZIZEN PUNCHED OHs NOT ZFRO
LTISN 8T TO ZERD AUTCHATICALLY ON 1110
~TA INeuT
DT AR IL I I eI YOUI)sVXOTT VYD) s 1214N)
AT E5F10ew)
O
il elTocoebz—26%AL01YY GO TO 11
by~ 435, %309 T (XDIT)+1n,)
13 /aNiT)=1e#522T154=XT1 1))
wTraweT
Zol=leN
Alilde lel) GO TO 12
HEN N B £7
PRE S
TT1ae SATS
Z o I=laM
T 1590192V =I211)sXOUT1)eYOUII}sVXOtTIavVYODLI])
AT E3X51295F11.5)
IR Ar
A{Tal) 1o A COORDINATE AT PREVIOQUS TIME STEP, XiIs2) IS X
275 4T Padlzad Tlse STEP.  olMILARLY FUR OTHER VAKIASLLS.
3 l=lsn
11=22141)
=YY
ST LIR N
slr=svorgd
sTrsoE
To 71
7o I=l,d
L1=AtTs2)
11=Y11,2)
213=vXi1s2)
s l)z=dY1192)
Do oor LCCTLLRATIONS IS DUNE THROUGH STEP 7740
T1oI=1ey
11=20
HEIE20N
T L2

71 DO 77 I=1eN41
[Pl=1+1
DG 76 J=IPLlsN
R=SGRTHIXLT 41/ =XtJel) ) #¥240Y{TsllmY ol )y nn2)
IF (ReGTa0s25) GO TQ 73
FA=PHASSII ) #PASSUUY # (XTIl )=Aidsl ) 1 #1],=~R¥R ) /R¥%4
FY=PRASSLI ) #PHASSIJ) R IY Tl )-YIJds1) ) %11 ~R¥R) /R¥¥y
GO T3 715
FX=0e
FY=ne
C ACCuUSULATION OF FURCES Uiv PARTICLE 1
C IN NEXT FUUR FORMJLAS
75 ACKEIY=ACXITI+FX
ACARIJ) =ACXELJ)I=FX
ACYII)=ACY(I}+FY
ACY{J)=ACYLJ)=FY
CONTINUE
CONTINUE
WE HAVE JJuST ACCUMULATED FORCESs NOT ACCELT?ATIONS
C AOTATICivs THUUGH ~I5LEADINGs EZNABLES US TO SAVE 423 LouCaTll
C NOW CALCULATE THE ACCELERATIONS
DC 770 I=1sN
ACAITY=ACKITY/PI4ASS
ACYIT)=tACY LT /7PHAS
COMTINUF
0C 30 I=1sM
VAI1s2)=VXITr1)4+00001%ACKI])
VYETs2)=VYITsl ) 4.0001%ACYLT)
Alle2)=AlTs1)1+e000l*vXIi],2)
Yi1a2)=¥{Ta1)+e0001%VYIT1,2)
conTinus
CALL »ALCCL
=K+l
C PRINT GNLY FVFRY sPRINT STEPS
IT i40D(R s <PRINTI W GTew) S TO 82
IF t4uDi<,xpPRINT o LTew! G5 TO 82
DO 810 I=1»N
PRINT 81 el sX1192)sYII92)sVXTITa2)sVYL]s2)
FORMAT (58X 4,21594F20,10)
810 CORT INUE
C CALCULATL BAY ANMD TOTAL KE
C IT IS WECESSARY ThAT CARDS 1-29 B8E BAY DATA CARDS
ENERGY=0N6
DO B100 I=1,2%7
ENZRGY FNOROY+50, # LVX {221 ##24VYi],2) #%2)
CONTINUE
PRINT B8101s ENERGY
FOR™AT 15X4F20.10)
DO B105 I=3n,d
ENERAY = FNEROY+50,% VX Ts2)#%24VYI],2)%#%32)
COMTINUE
PRINT 8106 EnERGY
8106 FORMAT 15XyFldu,el0)
C TERMINATIUN AFTER A FIXED NUMBER UF STEPS
82 IF tK,LT.5) GO TC 65
C PUnCH OUTPUT FO2? «rSTART

K

2

7

DUE TO ALL OTHER PAXTICLES IS

76
77
C NOTE THAT
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[
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