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ABSTRACT

Dynamic characteristics of offshore structures could be well studied, if wave forces are
accurately predicted. As wave forces can be estimated more accurately from the
pressure forces through potential flow theory than from Morison equation, potential flow
theory is uwed 1o determine the wave forces acting on a tethered spherical float,
Since the float size is much smaller than the wave length, diffraction e!fecl‘ is
neglected. Wave forces are calculated based on the values of dynamic pressure ‘and
unit normal vector at various points considered on the cross sectional area of the
flost, Variations of wave forces with respect to wave height, wave period, water:
depth ‘and float sire are evaluated, Damping coefficients derived from the motion
generated velocity potential are discussed and a relationship is established betweén
wave force amplitude and damping coefficient. v

INTRODUCTION

Yave forces arise due tc the Interaction of structure and waves, with the former'
nodifying the kinematics oand dynamics of the flow. In general, Morison equation Is
used for the compatation of wave forces for small cylinders. Morison equation is
based on the assumption trat the incident wave field is not alfected due to the
presence of a structure. In the case of a tethered float, the viRérous oscillation of
the float disturbes the .incident wave field and hence potential flow theory is sought, ;
The velocity potential defined in a wave field completely describes the kinematics and |
dynamics of flow within the fluid and its boundaries. In potential theory, it it
2ssumed that the flow {s inviscid, irrotational and incompressible so that the flow ca
be characterised by ¢ velocity potential function, which satisfies the Laplace equation.
Milgram (1976) and Carrison (1978) have discussed the validity of this assumption in
calculating wave icuds on offshore structures. Mathematical formulation of wave forces
is relatively sinple, if linear theory is used. The suitability and satisfactory accuracy
in adopting linear wave theory for practical applications have been confirmed by the
studies of Hogben et al (1977). In the present study, wave forces on a tethered
spherical float, uncergoing oscnllatory motion in regular waves, have been determined
using potential flow theory. )

EARLIER WORK I

Though wase lungth cue to nonlinear wave theory is longer than that predicted by
linear wave theory, the sciua! wave loading is underestimated by linear wave theory
only by % (Hogbun anc Standi.g, 1973). Hence, linear wave theory, which is
mathematically sinple and well developed, has been followed in the analysis.

John (1950) has develcyec & Green function methed to study the interaction of floating
bodies with waves. Wave-structure interaction of a semi-immersed fioating sphere
which undergoes snmiall heave oscillation has been discussed by Havelock (1955).
Garrison (1974a) has [resented nunserical results of hydrodynamic forces exerted on 2 -
tleating sphrre.  In the ubt:ve investigati~rs crly  freely floating body probiems are
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‘~cofsidered as an approximation to slackly moored conditions. Jin (1976) has computed
hydrodynamic forces, for floating structures using potential flow theory.  Garrison

«{1974b) developed a numerical procedure to estimate wave forces for arbitrary shapes
of practical wutility, Hogben et al (1977), Lighthill (1979) and Holmes et al (1983} have
published comprehensive articles on hydrodynamic loawing on offshore structures,

PROBLEM FORMULATION

A single tethered spherical float, undergoing oscillatery motion in regular waves, has
been considered. The analysis is carried out in two-dimensional cartesian coordinate
system with xy plane parallel to the horizontal plane ~of the sea surface. Basic
assumptions involved in the analysis are:

{i) the tethered fleat moves in an inviscid and incompressible fluid.

(ii) the flow is irrotational,

(iii) water depth is uniform and finite,

(iv) incident waves are regular and unidirectional,

{v) amplitude of incident waves and body motions are small compared to wave length.
{vi) tether is assumed weightless,

%ave forces consist of two components: (i) force due to incident wave potential, and
(ii) force due to difiracted wave potential, As the float size is rnuch smaller than
wave length diffraction effect is neglected. The velocity potential of small amplitude
incoming wave propagating in the positive x-direction is given by,
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Hydrodynamic pressure due to incident wave potential is expressed as,

P (= ut) - eefpr @ e (8)

From the linearised form of Bernoulli's equation, the dynamic pressurc is obtained as,
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Comparing "equations (4) and (5),

‘Wave forces Uw) is computed from the pressure due to incident "g_ﬁ potential as,

.f“ = gj’, m, ds )

where, -
n;= x component of unit normal vector

ds = incremental arc length on the body contour <,

'

Co = immersed portion of *the cross sectional contour of the float

Pressure forces can be estimated accurately from potential flow theory than frow
Morison equation,

ESTIMATION OF WAVE FORCES
Wave forces acting on th;'.' float are estimated using eqn. (7). The cross section o:

the float is divided into number of segments as shown in Fig. 1. The boundary
condition on the body surface is
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where, n = unit nhormal vector
The unit normial vector can be resolved into two components along x and ¥y axes as,
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It is assumed that the waves are propagating in the positive x direction,
Therefore,
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From the geometry of Fig. 1},
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where, B is the angle between the x-axis and the tangent a® a point on the body
surface. i-1, i, i+l ... {Fig. 1) are the points considered on the cross sectional area
of the float at regular. intervals {=ds). Dynamic preswre acting at these points can be
estimated using egn. (6). Knowing the values of pressure, unit normal vectoer and
incremental arc length, wave forces at these points can be computed, Sum of the
jorces over these points gives the totsl force acting on the float,

RESULTS AND DISCUSSIONM

Variation of wave forces has been studicd for various wave periods (T), wave heights
(H), sizes of the float (radius=R} and water depths (d). The results are shown in
Figs. 2(a) to 2(d). The rcsults show that with respect to wave puriod, wave forces
initially increase till T = 7 s and thereafter no substantial increase is observed, Wave
forces increase steadily with respect to wave height and size of the float. Influence
of wave height on wave forces is quite large conmpared to wave puriod or float size,
No wvariation in wave force is observed with change in water cepth,

Non-dim.ensional wave forces are plotted against nonfdin.ensional wave, structurc and
depth parameters (Figs. 3(a) to 3(d)). The terms are non-dimensicnaliscd as follows:

Wave force, {_ ol PgHzR

w
Wave period, T

= TN Al
Wave height, H = H/gT2
Float radivs, R = R/fH
Water depth, d = d/gT2

where, u = horizental water particle velocity

Newman (1962) showed that there cxists a relationships between the wave exciting force
amplitude (|fw|) and damping cocfticient (A). For a two-dimensional problem, it can
be written as,

2
5] = 4 Lﬂj_—-rs e (10)

Applying this relationship to the present case,

] =35AJP—:-.:323 . n

Danwping coefficient is determined from the imaginary part of the motion generated
velocity potentizl (&, ) as described by Lee (197¢€),

= Pu &, n, ds
R - L v (12)
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Method of estimating motion gencrated velority potential is not given here as it is
beyond the scope of the present paper. Wave forces (lf'l) estim.‘:}‘;d from the
motion generated velocity potential using egn. (12) is presenfed along with Xhe wave
forces computed from the incident wave potential ( fwg) in Table 1. Both results
agree well and confirm the accuracy of potential flow approach.

Yery few studies have been reported on fluid-structure interaction on spherical, shaped
bodics, probably due to their rare utility in offshore activities, However, there are
spherical shaped structures such as data buoys, marine observation buoys, tethered fleoat
breakwaters, etc. for which a realistic analysis 15 very much essential. The study
presented in this paper will be useful to estimate wave jorces and to analyse response
of the structures to ocean waves.

CONCLUSIONS

Wave forces on a tcthered spherical float have been determined using potential flow
theory for various, wave periods, wave heights, floal sizes and water depths. A
relationship is established between wave force amplitude and damping coefficient which
shows that wave forces can also be indirectly estimaied from the motion generated
velocity potential, This methed can also be applied to estimate wave forces on large
spherical shaped bodics, incurporating diffracted wave potential.
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Table | : Comparison of wave forces calculated from
incident and motion generated wave potentials

Tés) ‘h 1] e
» 1691.15 15924.98 17846.90
5 1651.97 13200.44 19550.30
6 1456.28 19559.62 20086.02
7 1276.34 20616.39 2009080
s 1125.02 2098134 20¢51.10
’ 1004.30 2137671 20091.10

10 903.87 | 21658.09 20091.10
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Fig. | Deflinition sketch for wave force computation
{
©=ongle between the x- axis ond the tangent at the point(x;, y})

N=unit normal vector at the point(x;, y})

dsearc length between two points.
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