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NONLINEAR HYDRODYNAMIC FORCES OM FLOATING BODIES*

B. D. Nichols and C. W. Hirt
Theorctical Division, Group T-3
University of California
los Alamos Scientific Laboratnry
Los Alamos, New Mexico 87545

ARSTRACT
I.  INTRODUCTION

In this paper we discuss nurmerically determined hydrodynamic forces
on floating cylinders. Particular attention is given to nonlinear cf-
fects and to finite length effects. The numerical solution algcrithms
used for these studies are finite-difference techniques for the nonlinear
Navier-Stokes equations. The two-dimensional algorithm is contained in
the SOLA-SURF code.1 This code has been used in extensive numerical
studies of the hydrodynamic forces on rectangular and triangular cylinders
in low arplitude forced heave, sway, and rcll motions.” = The good agree-
ment obtained in these studies with linear thcory and experimentel data
serves as a validation of the basic canlculational procedures. The com-
penior. three-dimensional code, SOLA-3D, has been successfully applied to
the calculation of wind loading on three~-dimensional structures5 and, in
addition, has reproduced selected two-dimensional calculations for heave
and sway motions for cross checking against the two-diwensional code.

In this paper we utilize the two- and three-dimensional SOLA codes
to investigate nonlinear and three-dimensional effects influencing the
hydrodynawic forces on floating cylinders. In particular, we discuss
nonlinear effects arising during large amplitudc swaying motions of a

two-dinensional 60° triangular cylinder. The results of the numerical

*This work was performed jointly under the auspices of the United States
Fnergy Rescarch and Development Adninistration and the Office of haval
Research, ONR Task fINR 062-455,
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studics are compared with data and an interpretation of the observed
nonlinear effccts is discussed. A second study 1s presented that com—
parcs two~ and three-dimensional calculations of the triangular cylinder
in eway. Here the end effects associated with finite length cylinders

are noted. Norlinear finite amplitude effccts for the three-dirensional
triangular cylinder are also studied. Finally, some results are presented
for other nonlincar foxces experienced by cylinders in two- and three-

dimensional situations.
1I. SAMPLE RESULTS

The nonlincar effects associated with large amplitude wotions of
floating cylinders may be illustrated with a two-dimensional triangular
cylindex in finite amplitude forced sway. This study was performed with
the two-dimensional SOLA-SURF code. The amplitude of motion in the ori-
ginal low amplitude studies was 0.058 of the triangular cylinder beam
width at the still water lovel. The cylinder draft was equal to 0.865
beam widths., The finite amplitude studies were performed with amplitudes
incrcased up to a maximum value of 0.430 of the beam width., The main ef-
fect of this increase in amplitude is to produce a significant decrease
in the phase shift of the dynamic pressure force relative to the cylincder
displacerent phase. Figure 1 shows this phase shifi and the amplitude of
the dynamic pressure force as functions of the arplitude of motion. The
hydrodynamic coefficients (added mass and damping coefficients) reflect
this shift in phase angle. For small phase shifts the demping coefficient
is proportional to the phase shift and thus follows its trend. The added
mass coefficicnt varies less than 107 from the linear theory values.

The SOLA-3D code was used to calculate the finite length effects
associated with a 60® triangular cylinder in forced sway. It was de-
termined, for example, that the end effects of the cylinder are not sip-
nificant for low amplitudes of motion for cylinder lemgth to draft aspect
ratios greater than two. Length to draft ratios less than two have not
been investigated, but the somewhat annlogous studies of wind flows about
flat plates indicate that the drag per unit length is not expected to vary
significantly until aspect ratios less than one nre reached.
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Fig. 1. Phese shift and acplitude of the dynemic pressure

force as functions of the wedge displacerent amplitude.
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