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Application of computer graphics on water wave problems

5.5.Hsiao & C.R.Chou
National Taiwan Ocean University, Department of River & Harbour Engineering, Taiwan

ABSTRACT: To make water wave graphs more realistic in vision, and to display the process
of wave transformation more clearly, a computer graphic software is applied to paint
water wave profiles in coler. As demonstration, two cases were studied in this paper:
wave evelution arcund cylinder and in harbor basin, both having arbitrary shapes. Surface
elevations were calculated using boundary element methed. Calculated results were then
transformed into 3-D color graphs, to be displayed on moniter by the software. Finally,
animation frames of wave evolution was presented by applying assembly programs to control

the storage and display of graphic images for each time step.

It 18 concluded that,

satisfactory results could be achieved thraugh this procedure.

1 INTRODUCTION

By studying water wave problems numerically,
calculated results were often presented col=
lectively in graphs. For example, to de-
scribe changes of wave forms due to pres-
ence of off-shore atructures, or modifica-
tions of surface elevations arounsed by
harbour resonance, wave contonrs were plote-
ed in one (or a series of) diagram{a).
However, it would seem to be rather unrea-
listic to exemplify characteristics of a
three dimensional water wave problem just

on plane figures. Recently, significant
progress in cemputer graphic has been made,
which enable us to plot wire frame graphs

of 3-D wave profiles, i{.e., to express a

3-D ebject through Z-D graphs. MNeverthe-
less, wire-frame graphs are still, more or
less, unrealistic in wision. Im this paper,
a computer graphic software was applied to
paint water wave profiles in color. A
brightening procedure was then used in
accordance with the origin of a light source.
In this way, water wave graphs could be pre-
sented more realistically in vision.

Two cases were conaldered in this paper:
wave evolution around cylinder and in harbaor
basin, both having arbitrary shapes. Since
neither surface elevations near the boundary
af the structures, nor animation frames of
wave eveolution can be calculated using this
software, computer programs were develaped
to handle thses problems. Sclutions of
surface elevations were obtained applying

203

numberical models developed by Chou (Chou,
1983; Chou & Yeh, 1981: Chou & Lin, 1985).
A dimensionless wave period, o®hjg, was
chosen as reference parameter, ¢ is the
angular frequency of these waves, z is the
gravitaticnal acceleration, and h is water
depth. For circular-, as well as elliptic-
shaped cylinders, this dimensionless par=
ameter was chosen to be 0.5. For harbour
basins having circular and rectangular
shape, it has a value of 1.2. Calculated
wave profiles were transformed into 3-D
color praphs and displayed dynamically on
a color monitor.

2 DESCRIFTION AND AUGMENTATION OF THE S0FT-
WARE

2.1 Description

The computer praphic software, MORE, was
developed by the Ota et al. {(Ota et al.,
1986). It was used to manipulate the re=
moval of hidden surface, as well as to
paint wave profiles in coler. The MORE
graphic system is composed of four sub=
ayatems: Modeling, Motion-Design, Render-
ing and Recording (Fig. 2-1). Only the
first and the third subaystems were used
in this paper.

4 short deacription of these two sub-
systems might be in place:




1 The Modeling Subsystem

The geometric data of the object under con-
sideration will be stored in a model file.
Parameters concerning view volume,light
source and brightness will be kept in a
parameter file. Then, applying the Modeling
subsystem, these two files can be combined
to yleld a polygon file which can plot wire-
frame graphs on meniter.

2 The Eendering subsystem

The Rendering sbbsystem consists of twe
programs; render.c and dither.c. When the
render.c program is exécuted, it will- read
the pelygen file from the medeling subsystem

at first, and then after removing the hidden-

surfaces, painting the graphs in color, and
applying the brightening procedure, an image
file will be created. This Image file will
be transformed intoc 3-D color graphs on the
monitor by the dither.c program.

2.2 Augmentation

Before using the modeling subsystem, data
of the curved surface must be found in the
first place. 5Since, as mentioned earlier,
this graphic softward can neither calculate
wave profile, nor can it make animation
frames, supplemental programs were designed
te meet these requirements. These four
Programs ATE:!

1 Transformatien of the surface profile
Calculated surface profile will be rearr-
anged in order te match the reading format
of the graphic software.

2 Plotting the graphs of the structure
Folygon meshes of the curved surface is com=-
bined to approximate the 3-D shapes of the
structure. In general, the cross-section

of the structure is divided into N nodes.

These were then connected yielding a polygon.

Better approximation can be achieved when
the number of the nodes is large enough and
the nodes are distributed smaothly. For
example, the cross-sections of a vertical
cylinder were plotted first, then two nodes
on the top cross-section and two on the
bottom were chosen. A rectangular mesh can
be acquired by comnecting these nodes. In
this way, the shape of the vertical cylinder
can be represented by combining a number of
these rectangular meshea. A eircular cy-
linder represented by rectangular meshes is
shown in Figure 2-Z. The data cencerning
the shapes of the structure were saved in

4 model file which is used as input data

of the Modeling subsystem.
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3 Caleulatiog the boundary of the curved
surface
Curved surface of the water wave profile
was calculated by the bi-cubic B-spline
methed in this paper. In order to make
the surface more continucusly and more
smoothly, 16 points were chosen as control
points to determine the surface meah at the
center (see Figure 2-3). However, meshes
of the curved surface in the vicinity of
the structure can not be obtained through
this procedure. To demonstrate this,
surface meshes arcund a circular cylinder
will be considered. Figure 2-4 shows the
divided regions arcund a circular cylinder
where the intersection points are control
points. FPolygon meshes of the curved
surface obtained by calculating the contral
points are shown in Figure 2-5. Clearly,
curved surface meshes near the boundary
of the cylinder were not obtained. These
polygon meshes were determined in the
following way: the edge points of the cur-
ved surface facing the boundary of cylinder
were Tirst taken to match with the nodal
points on the boundary. Then, every &
neighboring peints were connected to con=
struct a polygon mesh near the boundary of
cylinder (see Figure Z-6). Finally, these
two parts of the polygon mesh data were
combined to create a polygon file of the
water aurface profile to be used In the
Modeling subsystem.

4 Animatien

To display the simulated process of wave
evolution continuously, a Store-Display
subsystem was developed. This sub-system
is consisted of two parts. The first part
stores color graphs of the wave prefile in
computer memory for each time step. The
second part controls the continuous display
of the stored coler graphs on the monitor
SCreen.

3 3-D GRAPHS OF WATER WAVE PROFILE

3.1 Curved surface meshes of the wave
profile

Boundary element method was usmed to obtain
the numerical results of water surface
elevation. The region of intereat was
divided inte rectangular meshes. Then,
using the coordinates of their intersection
points together with the dimensionless wave
periad, oh/g, as input, surface elevation
at every mesh point could be found. The
coordinates of the 16 neighboring mesh
points were then taken as control points
for the bi-cubic B-spline method. Cembining



every 16 neighboring points inm the region,
a data file of the control points (named
#.¢tl} could then established.

Except for regions in the vicinity of the
structure, polygon meshes of the water wave
profiles in the region of interest cam he
obtained through this data file and the B-
spline method. The polygon meshes near the
boundary of the structure can be obtained
through the procedure mentioned inm section
2.2, Finally, a polygon mesh data file
(named *.pol) of water wave profile is
created by combining all the polygon
meshes.

3.2 3.D graphs of the wave prafile

By putting the model file of the structure
and the polygen mesh data file of the wave
profile into the Modeling subsystem, wire-
frame graphs of water waves arcund struc-
ure are ready to be diasplayed on a monitor.
To make the graphics more vividly, parame-
ters like view volume, color, brightness
etc. must be taken into consideration.
These centrel parameters were written im a
a model file (named *.med). Through the
Modeling subsystem, the polygon file (*.pol)
and the model file (#.mod) were then com-
bined te become an input data file for the
Rendering subsystem. When executing the
render.c and dither.c programs, 3-D color
graphs of water waves would be displayed

on a mopiter. According to the quality of
the visual effects, the parameters in the
parameter model file were revised many
times until optimum graphs were found.

3.1 Presenting animation frames

Since progressive waves under consideration
are both time-depend and pericdiec, the wave
period is discretized into 24 time steps.
Water wave profiles were calculated for
each time step to be presented on the mon-
itor. G&imulation of the actual wave evolu-
tion process requires that wave profiles
to be presented in time series. Thia re-
quirement is fulfilled by applying the
Store-Display subsystem, which controls
the storage of water wave graphs according
to the time ateps and their diasplay.
Besides being more realistic, it seem
that, the process of wave transformation
could be demonstrated more clearly through
this procedure. The flow chart for pres=
enting the animation frames of water waves
is shown in figure 3-1.

4 FORMULATION OF RELATIVE WATER WAVE PRO-
BLEMS

Under the assumption of ideal, incompre-
sible fluid and irrectational flow, motion
of amall amplitude waves in water of con-
stant depth can be described by a wvelocity
potential ®. In the fellowing the uswal no-
tations are used, with g the gravitational
acceleration, §; the amplitude, o the wave
frequency, and ¢(x,v,z) is the potential
function; t is time and i = v-1, the im-
aginary constant. The potential function
#(x,¥,z) is governed by the Laplace equa-
tion:

o g ex® rofs ey 4 0¥ a2t =0 (5a1)

4.1 Surface elevation arcund vertical
cylinder

& large vertical cylinder of arbitrary
cross section is assumed to exit in waters
of constant depth h. One end of the
cylinder is mounted on the sea bottom with
the other end piercing out of the free sur-
face. A Cartesian coordinate system oxyz
is defined with the erigin on the undist=-
urbed free surface and the oz axis point-
ing vertically upwards (Figure &=1}.

The boundary condition of the free sur-
face and the impermeable sea bottom are
specified as follow:

s ez =0 sg v @
agSeE=10

rz=10

) (4-2)

s g=—h
Hence the solution of #(x,y,z) that satis-
fies equation (4-1) can be expressed as:

#lxyzd)=[f, {xyi+f"(xy)]-
cosh k{ z+h ) ~cosh kh (4-3)
where £, (x,y) and f¥*(x,y) are the incident
and diffracted waves, respectively. k
denotes the wave number of the incident
wave and ls given by dlsperaion relation:

kh » tanh kh = s%h g C4-4)

If w represents the angle between the dire-
ction of wave propagation and the ox axis,
then the surface profile of the incident
wave can be described by:

Lo Cxyit =0, - cos[k{mosatysina)
+at ] 4-5)
And the incident wave f; (x,y) is given by:

fo (v )=—iexp[—ik( xcosm+ysinm) ] (4-6)



Substituting Equation (4-=3) into the
Laplace equation, Equatiom (4-1), it is
clear that f#(x,y) should satisfy the two-
dimensional Helmholtz equation:

e T xS Syt 4 kBT =y (& T
Since the structure is impermeable, the
normal velocity on it should be zero. Thus:

egon =0 [h-B)
where 88/dn is the normal derivative on the
surface. Substituting Equation (4=3) into
Equation (%-8), the relation between f, and
f* on the cylinder surface is found te be:

of y/sn=—af" =0 (4=9)

Using these formulae and applying the
numerical model developed by Chou (1983,
Chou & Yeh, 1981), the funetion f*(x,y) in
the domain of interest can be found. Sub-
stituting of f*(x,y) into Equation (&4-3)},
the velocity potential #{%,y,z)} can be ob-
tained. According to the Airy wave theory,
the surface profile of water waves can be
expressed as:

flxmt)=il gl nn 02 epl—iat) (4-10)

Substituting the value of ¢(x,y,0) into Equ-
ation (4-10), one may cbtain surface eleva-
tion in the domain of interest.

4.2 Analysis of the harbor resonance

A harbour basin of arbitrary shape with
water of constant depth h is shown in Figure
4-2. The domain of interest was divided
into three regions: an open-sea region and
two harbour regions. The coastlines AB, EF
are assumed to be nature beaches, and can
absorb wave energy completely. Other bound-
aries are assumed to be impermeable. The
potential function for every region can be
written as:

gl ¥z ]=[f‘ Cxy )+, (xy) ]

cosh kh
cosh k ( z+h)
gt v,z )= (ny ) Ko e
- 1Ji:rl::sl:t ki{z+h)
$rLRTE )5 Ly ) " tash ¥ (4-11)

where f; and f, are incident and reflected
waves in the open sea region, f; (i=2,3)
represent diffracted waves within the har-
bour region I and II.

The function fg (x,y) of the incident wave
is specified as:

£, (xy ) =—lexp [ — ik ( xooswtysine) ] 419y

cosh k {z+h )

According te Eq.(4-1), f; (i=1,2,3)
should satisfy the following Helmholtz
equation:

a¥f, Saxtea |, SaytHkL =0 (5£-13)

Beaides the free surface and the imper-
meable bottom floor conditions, other re-
levant boundary conditions are:

1} The velocity normal to the impermeable
boundaries are zero:

a;iy’an=ﬂ (4-1&)

Z) For the imaginary boundary B, between
regions of the open sea amd the harbor

I , the mass and energy floxes of the fluid
must be continuous:

ag, S an=0ag; 0

1 =gy

i=1,2,3

(4-15)

——

3) The same continuity conditions must alse
hoeld for the imaginary boundary B; between
regions within the harbor, i.e., I and II:

3, 0N=34; . a0
#3= ¢
Applying the numerical methods described
by Chou (1983; Chou & Lin, 1985), the
velocity potential $(x,y,z) can be obtained.
Surface elevations within the harbour area

can then be acquired according to Eq. (4-
10).

| (4-16)

2 PPLICATION AND CONCLUSION

Surface elevations arocused by waves due to
the presence of cylinder and harbor are
studied iu this paper. For the cases of
cylinders, a dimensionless period ¢®h/g =
0.5 is chosen. Cases atudied are: circular
cylinder with a radious of 1.6h, where h
is the water depth; elliptically shaped
cylinder having a long axis of 1.6h and a
short axis of 0.8h. A4s for the casea of
harbors, a dimensionless period of &8 h/fg
= 1.2 is selected for both a rectangular
harbor with a width of 10h and a length of
20h, as well as a circular shaped basin
having an entrance of 5h with a radius of
5h. Wave periods are divided into 24 dis-
crete time steps and surface elevations are
calculated and plotted accordingly.

Wave evolutions are hard-copied directly
from the monitor using a NEC PR-801 color

printer. Figs. 5-1 to 5-4 are for the
cylinder cases with @®hfg = 0.5, ot = 09,
30% of circular and elliptical shape. Figs.

5.5 to 5-8% are for harbor basins with & h/fg
=1.2, ot = 0%, 307 with rectangular and
circular shapes.



Results of this study indicate that, when

water waves were obstructed by structure or
harbour oscillation, the time history of
wave transformation could be clearly vis-
uvalized through the procedure proposed here
in this paper. It seems advisable to ex-
press wave evolution process this way, sincs
a more vivid picture could be presented.
We have studied regular waves only in this
paper, however, it would be interesting te
exemplify other cases, e.g., short-crested
waves, in a similar way.
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Folygon meshes obtained by the
E=-spline method

Fig, 2-6 Polygon meshes near the boundary of

the cylinder

sSurface elevations through | -> | Data file {®*.ctl) of control
Boundary Element Method points by the B-spline method
Polygon meshes for water -> | Model file of the structure
wave profiles

Data file through polygon -» | Parameter file (*.mod) for
meshes and model file vividness

I-{'.pcl}

Displaying through -» | Parameters revision for
Modeling and Rendering optimal presentation

z T .

Displaying animation frames | -> | END

Fig. 3-1 Flow chart for presenting animaticon

frames of the water waves
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Fig. 5-1 Water waves around circular cylinder Fig, 5-% Water waves around circular cylinder
a'h/g=0.5, ge=0" ahig=0.5, ot=30"

Fig. 5-3 Water waves around elliptic cylinder Fig. -4 Water waves arcund elliptic cylinder
ohig=0.5, ot=0" Fhyg=0.5, ok=30°




Fig. 5-5 Water waves in rectangular harbour Fig., 5-6 Water waves in rectangular harbour
o'hig=1.2, or=0" ahsg=1.2, =30

Fig. 5-7 Water waves in circular harbour Fig. 5-8 Water waves In clroular harbour
ahig=l.2, ot=0" onig=1.2, ge=30"




