(9th International Workshop on Water Waves and Floating Bodies, Kuju,Japan,April 1994)

NUMERICAL PREDICTION OF SECOND—ORDER WAVE
FORCES ON A TWIN—CYLINDER ARRAY

Yulin Lu Baogyuan Li
Institute of Engineering Mechanics,
Dalian U niversity of Technology, Dalian,China

1. Introduction .

The existing approaches available for evaluating the second —order wave forces on offshore
structures are identified into two categories, i.e. ,

1. to solve the second —order boundary—value problem of wave potential including the inho-
mogeneous boundary condition at the undisturbed free surface, and eventually calculate the resul-
tant second —order wave force by integration of the second —order wave potential over the wetted
surface of the structure.

2. to calculate directly the second — order wave force, without solving the second — order
boundary —value problem of the second —order wave potential ,from a fictitious radiated wave po-
tential of double frequency and the first —order scattered wave potential with the aid of the ex-
tended Haskind relation.

Applying the approaches from category 1, a variety of solutions of the second —order wave
force on specific offshore structures have been published. However, one can find by a careful re-
view, that even for the diffraction problem of wave propagating against a single vertical cylinder,
the second —order wave forces obtainde by different authors reveal apparent discrepances ,which
are mostly attributed to different boundary conditions at infinity supplemented to the mathematical
formulations of the boundary —value problem of the second —order wave potential. _

In a previous paper the authors i'nvestigated the boundary condition at infinity incorporated to
the second —order wave theory a proper mathematical expression based on fully analysis in physi—
cal sense has been developed. The newly derived inhomogeneous boundary condition at infinity
makes the second —order wave theory complete in mathematical respect. Based on the new model
of the second order wave diffraction theory, the wave diffraction against two—cylinder array is
investigated in this paper.

2. Theoretical Description

Assume the fluid is inviscid and incompressible, the flow irrotational. Since the flow can be
expressed by a velocity potential which is governed by the Laplace equation, and is subject to cer-
tain boundary conditions. Applying perturbation expansion, the velocity potential is expanded into
a power series of first, second, and even higher—order potentials.
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qr s qr—the first and second —order velocity potential, being defined as

A = @i+ ¢f » = pi+ 93

@ls@h—the incident wave potential, @} ,q3—the scattered wave potential.
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VWe obtained the following mathematical model
Second—order boundary value problem
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The condition at infinity (6)makes the second —order problem well—posed with an unique
solution.
3. Infinite Element,/Finite Element Method
Equs. (1)to(6)were solved numerically by an infinite/finite element method. The solution
domain was devided into an exterior region and an interior region. The boundary—value problem
referring to the interior region was solved by means of FEM. Both the functionals defined over the

interior and exterior domain are written as
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Since the asymptotic solution at infinity ® 3is composed of @ 3(free wave) -+® 3 (forced response
wave), rewrite the functional defined over the exterior domain in the form of
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20—node hexahedron isoparameteric element is adopted for the spatial discretization in the interior
domain, whereas 8 —node hexahedron isoparametric infinite element is used in the exterior do-
main. The form along the radius direction of the interpolation function, suppose that a cylindrical
coordinate system is chosen with the Z—axis is set up at the mid —point between the two cylin-
ders, can be defined in accordance with the asymptotic solution at far field of the problem. As-
sume the interpolation function along r
® 7= """V {D(6,2) (r/b) ™ + D (0,2) ((r/b)~ V2 — (r/b)~¥2)) (10>
At the common boundary which interconnecting the exterior and interior domain, the form
" in terms of 8 and Z of the interpolation function defined in exterior domain degenarates to that of
interpolation function defined in the interior domain. Consider the interpolation along 6 adn Z on
boundary S; for the undefined functions d(8,Z)and D(8,Z). From(10),(®$), -, =D, (0,Z)
it implies, d%(8,Z)is the free wave potential ® 3on S;,therefore, we write ®,(8,Z) =[(d $J,-,

— (®3J;—ssthen, we have 0, (6,2) = EI'IM.'(D Pl (2 N (11)

where shape function M; takes the degenerating form on S; of shape function N; of FE avail-
able over the interior domain. It assures the second —order wave potential bemg continuous and
consistent at the common boundary.

Once the second —order wave potential wave solved, the wave forces applied on each of the
two cylinders are calculated by surface integration. In addition, the wave runup over the cylinders
can be computed at any instant. The effect of the incident wave angle upon the wave forces ap-
plied on the front and rear cylinder is important in this study, so that the numerical analys1s has to
be conducted in symmetrical and asymmetrical cases.

4. Results and Discussions
Figure 3 and Figure 4 show, respectively the wave forces applied on the front and rear bylin—
ders in the case where the incident wave angle is zero. Obviously, the magnitude of wave force for
the front cylinder is larger than that of the rear cylinder."
When the incident wave angle increases to some extent, it turns into the asymmetrical case,
the effects of incident angle upon the wave forces are evidently shown. As the incident angle ap-
proaches to 90°,the wave forces on either cylinder vary to a common magnitude.
The distance between the two cylinders is another facetor that affects the magnitude of the
wave forces applied on the two cylinders. Numerical data has shown that as the distance increases
to the extent of about six radius of the cylinder, the wave forces applied on the two—cylinder ar-
ray become the same as the wave force on a single cylinder in the process of wave propagation.
Comparisons between the computed results obtained herewith and the data calculated by Ma-
suda®indicate that agreement is good and satisfactory.
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DISCUSSION

Wang B.: Infinite element can deal with the radiation condition if we consider the free
surface condition imposed on the even free surface. Is it possible to use it to impose free
surface condition on the real wave surface?

Lu Y.: In this paper, we impose on the even free surface.
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