170 J.HYDRONAUTICS

Engineering Motes

VOL.9,NO. 4

ENGINEERING NOTES are short manuscripts describing new developments or important results of a preliminary nature.
a page of text may be substituted for a figure and vice versa. After informal review by the editors, they may be published within a few months of the date of receipt

the same as for regular contributions (see inside back cover).

A Note on the Two Force Equations
for a Floating Platform
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WO approaches in general have been used for the

equations of the hydrodynamic forces for a floating,
multihull platform in waves such as semisubmersible drilling
platform. It is assumed that the submerged portion of the
platform members consists of many continuous segments,
vertical or horizontal (Fig. 1). The ““first’’ approach!*¢ is 10
directly use an available method for the wave force and the
force due to the segment motion in still water. The ““first’” ap-
proach was initially applied by Bain! for the project
MOHOLE, and is the same as the method for the wave-
induced inertia force plus drag force on a submerged body
commonly used in the field of coastal engineering.” The
“second’” approach applies potential flow theory, which has
commonly been used for the ship motion problem, and
derives the Froude-Krilov force, the difffraction force, and
the force due to the segment motion in still water. The second
approach was applied by Kim?® to the floating platform
problem without relating to the first approach.

There has been a little confusion on the clear difference and
similarity between the two approaches, although the two ap-
proaches have been used for the practical applications. The
two approaches are compared and are shown to lead to the
same equations with certain assumptions. We shall begin with
the second approach using the potential flow theory with zero
forward speed, used by Salveson et al.® for the ship motion
problem, and lead it to the forms of the hydrodynamic force
equations used by the first approach.

A Cartesian coordinate system (X,y,Z) has its origin at the
center of gravity of a floating, multihull platform located for
convenience at the undisturbed free surface (0,0,0) (Fig. 1).
The x-axis is positive forward, the y-axis is positive toward
port, and the z-axis is positive upward. Another coordinate
system (x,y,z) is introduced with its origin at a point
(X0, y.,0) of the segment. The present subject is treated in the
(x,¥,2) coordinate system only.

The First Approach

The first approach can be expressed in a general form to
describe the hydrodynamic forces® on the submerged mem-
ber-segments of a stationary floating platform in waves,

XJW:(m+ajj)SL U/de+bjjSL vjde (1)

which can be divided into two parts:
Xf"‘zmSL v;dx; )
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XJC :ajjSL l}jdXL+bjjSL Ujde (3)

and
XY =(a; §+b, )L @)

where all quantities in Eqs. (1-4) are defined for the mass cen-
ter of a segment, and m is the displaced-water mass by a
segment per unit length, L is the segment length, v; and v; are
the water-particle oscillatory velocity and acceleration,
respectively, at the mass point in the jth direction (j=1,2,3),
and a dot on top of v; indicates time derivative. a; and b;; are
the added mass and damping coefficients per unit length,
respectively, for the cylinder segment. x; is a length variable
along the segment axis. {; and gj are the velocity and ac-
celeration, respectively of the jth mode of the segment
motion.

X% in Eq. (1) is the wave force in a commonly used form
which can be divided into X[~%, the resultant force of
a pressure distribution equal to that of the undisturbed waves
acting on the segment and XJ-C in Eq. (3), a correction to the
XF-K, to take into account the disturbance of the incident
waves by the presence of the segment. XMin Eq. (4) is the
force due to the segment motion in still water.

The Second Approach

For the second approach we shall utilize the work by
Salveson et al.? for the ship motion with zero forward speed
in the derivation of the hydrodynamic forces on the segment.
Details of the assumptions and the boundary conditions in-
volved can be referred to that paper.

Let the linearized velocity potential ®(x,y,z,¢) be

®(x,3,21) = b7 (x,5,2) e (%)
where ¢ is the complex amplitude of the unsteady potential

and w, is the wave frequency. The amplitude of the unsteady
potential is linearly decomposed,
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Here ¢, is the incident wave potential. ¢ is the diffraction
potential. {; are the complex amplitudes of the jth mode of
motion displacements, and qu‘? is the oscillatory potential for
the jth mode of the segment motion.

The potentials ¢;, ¢p, and qu‘? must satisfy the linear bound-
ary conditions on the segment surface at its mean position

(0¢;/0n) + (ddp/dn) =0 )]
and for the jth mode of oscillation
8y /on =iwyn, ®)

where n; (j=1,2,3) are the components of the outward nor-
mal vector 7. The potentials ¢,, ¢p, and qu‘-’ must each satisfy
additional conditions: the Laplace equation in the fluid
domain, the linearized free-surface condition, and the ap-
propriate boundary condition at infinity, and the bottom con-
dition for the case of finite depth.

Integration of the pressure given by the linearized Bernoulli
equation® over the segment surface and applying Eq. (6) gives
the hydrodynamic force amplitudes in three parts as

H;=F/+FP +G, 9

F! is the amplitude of the Froude-Krilov force, FP is the
amplitude of the diffraction force, and G, is the amplitude of
the force due to the segment motion. Indeed (F/+FP) is the
exciting force, and will be shown to be the same as the wave
force in Eq. (1). These three force components in Eq. (9) are
defined as

F;:—ipw(,g SS n;¢,ds (10)

FP= —z'pwo§ S 1, pds (1

3
=Y TS & (12)

where p is mass density of water.

For a long slender member, ds=d¢ dx;, 8/3x<3/dy or
d/0z for the horizontal member, and 3/9z<3/8x or 8/3y for
the vertical member. d¢ is the element of arc along the cross-
section C,. Then the potential ¢? can be reduced to two-
dimensional problem of a cylinder: ¢¢=1,, £=2,3 for the
horizontal segment and k=1, 2 for the vertical segment.
Hence,

T = S,_ dx, (—ipw, SF_ nyde) = SL £l (13)

where ¢, can be evaluated as,
{jkzwaaﬂ\,—i(ﬂob/'k, j;k=1;2:3 (14)

where a;, and bj are two-dimensional added-mass coef-
ficients and wave-damping coefficients per unit length of the
segment. For the cylinder segment of constant C, along x,,
tjx =0 for j#k, and the diagonal coefficients, 7; (/=1,2,3)
are the only nonzero coefficients.

Now we shall transform the forms of Eqgs. (10-12) for the
hydrodynamic forces to the forms of Eqgs. (2-4) used by the
first approach. Applying Gauss’ theorem to change the sur-
face integral in Eq. (10) to the volume integral gives the
Froude-Krilov force,

Fieso=p| | | sav (15)
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where
v;=(3/3t) (9¢,/dx;) (16)
¢r(x.y,2) = (iga/ wp) exp
[ —ik(x cos B — y sin B) e (17

and V is the segmental volume. Now it is assumed that the
cross-sectional dimension of the segment is small compared to
the wavelength and water depth, that the force acts on the
displaced-water mass centerline of the cylinder segment, and
that the wave surface is uniform across the cross-sectional sur-
face of the segment about the waterplane center of the
segment. The first assumption implies ky<1 and kz<1 for
the horizontal segment, kx<1 and ky<1 for the vertical
segment, and kh=0(1) where # is the water depth. Then Eq.
(15) becomes

Flei“o' =pA SL v,dezmSL v,dx, (18)

J

The preceding assumptions allow the area, A, and displaced-
water mass per unit length, m, of the cylinder segment to stay
outside the integral. References 2, 3, and 5 which treat the
finite-depth problem by the first approach, failed to point out
the assumption that the cross-sectional dimension of the
segment is small compared with the water depth.

The Froude-Krilov force of Eq. (18) obtained by the poten-
tial flow theory is exactly the same as Eq. (2) obtained by the
first approach

Fleiwot = XT-K (19

Obviously, X¥~¥ in Eq. (2) is subject to the assumptions and
boundary conditions used for F/ in Eq. (18). It is noted that
Paulling® and Chung® used the second approach to get the
XE-K,

jNext, applying Green’s second identity to the diffraction
force, Eq. (11) and applying the boundary condition, Egs. (7),
to it, respectively, give

a9
F/D=—pggs ¢J’-’gn—D——ds (20)
8d>,
= 0 1L
9
where
0¢;/dn=(—in,;cos B+in,sin B+n;) ko, (22)

Applying the assumptions used to get Eq. (18) and the
relationship, Eq. (14) to Eq. (21), respectively, give

ao; S
D _ .p?
FP = SL dx; o, . on;¢fde 23)
D piwpt 1 2 ;
FPelt' = — ooy (wha;; —iweb;;) . v;dx, (24)
=a; SL v, +b,-,-g vydx, @5

The coupling coefficients in Egs. (23-25) are zero as
previously described. Usual consideration of the viscous ef-
fect on the damping can be empirically incorporated into the
wave damping coefficients, b;;. The diffraction force of Eq.
(25) obtained by the potential flow theory is exactly the same
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- as Eq. (3) obtained by the first approach;
FPeleo' = X¢ (26)

The force due to the segment motion without applying the
assumptions used to get Eq. (18) is obtained by applying the
relationship (14) to (12),

Gje"“0’= Q(wf;ajj—iwobﬁ)L
=—(a;5+b;5)L @7

The coupling coefficients in Eq. (27) are zero as described
previously. The force due to the motion of the segment in still
water, Eq. (27) obtained by the potential flow theory is
exactly the same as Eq. (4) obtained by the first approach

Geio0 = XM 28)

In summary, the two approaches give idential equations of the
hydrodynamic forces on the platform segment in the (x,y,z)
coordinate with the assumptions made to get Eq. (18).
Without these assumptions, the second approach® is more
general than the first approach. However, the computed
results by the two approaches for a floating platform in waves
in the (x,y,7) coordinate system can be compared with
caution. There are the hydrodynamic interferences at the
joints of the vertical and horizontal segments and between the
adjacent segments. The hydrodynamic interferences at the
joint can generate a three-dimensional flowfield. For the
three-dimensional hydrodynamic interferences at the joints,
the equations of the diffraction force and motion-dependent
force should use the added mass and damping coefficients
which take into account the hydrodynamic interferences at the
joints: if the interferences are strong, theory may not be valid.
The first approach, within the framework of the theory® can
be compared to the second approach with the computed
results which take into account the hydrodynamic in-
terferences. For this reason the computed results by Kim? can
be compared to the first approach only with caution. It is
noted that both approaches have been applied to many plat-
form problems with reasonably good accuracy of the com-
puted results.
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Turbulent Wake of an Axisymmetric,
Self-Propelled Body
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Nomenclature

A,B,C,C,,C,,D = constants
¢ = length scale
u,, = turbulent velocity scale
Uax = measured maximum turbulent intensity

at a given axial position
U, = freestream velocity
—p<uju;> = Reynolds stress
U, = velocity defect scale
U, = mean axial velocity
ry, = measured length scale
nz = radial, axial coordinate

m
Il

kinematic eddy viscosity
Introduction

HOUGH free turbulent shear flows have been inves-

tigated extensively, both analytically and experimentally,
comparatively little analytical work has been done in study-
ing the wakes of bodies with hydrodynamic self-
propulsion.! A very complete experimental study was done,
however, in which the wake of a totally immersed, axisym-
metric, self-propelled body was simulated in an air tunnel
using a concentric nozzle and disk. The results, reported by
Naudascher,? provide enough data to check the validity of
proposed hypotheses of the wake behavior and also the
corresponding analytical solutions. One important conclusion
from the data was that various flow characteristics, such as
mean velocity, turbulence intensity and turbulent Reynolds
stress, attained a self-preserving form. Thus, a self-
preservation hypothesis seems justified as the basis for an
analytical approach to the problem. That is, the flow charac-
teristics may be assumed invariant along the wake axis if ex-
pressed in terms of appropriate length and velocity scales.
Similarity solutions of this type are given by Birkhoff and
Zarantonello,> and Tennekes and Lumley* in which one
length and one velocity scale are used. The results indicate
that the length scale should have the form C,z’/, while the
velocity scale should vary as C,z~*°. No analytical ex-
pression, however, was given for the corresponding mean
velocity profile in the axisymmetric case.

When these classical results are compared with
Naudascher’s data, plotted in Fig. 1, it is seen that the pre-
dicted axial dependence of the length scale is roughly the same
as the data. The expression for the velocity scale, on the other
hand, agrees well with the observed data for the turbulence in-
tensity, but not with the mean velocity defect. In fact, as
pointed out by Schetz and Favin,' Naudascher’s data show
that the turbulence intensity and the velocity defect do not
vary axially in the same way, thus distinguishing this case
from more conventional wake flows.

In this Note, therefore, a new similarity solution is
developed in which two velocity scales are used—one for the
mean velocity defect and one for turbulent velocity fluc-
tuations. Expressions for the mean velocity profile as well as
the velocity and length scales are developed.
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