TECHNISCHE UNIVERSITEIY
Laboratorium voor

Scheepshydromechanica
Archief

Mekelweg 2, 2628 CD Delft
Tel: 015 - 788873 - Fax: 015 - 781833

VAVE DRIFT CURRENT INTERACTION ON A TANKER IN OBLIQUE UAVES

J.E.V. UVichers and R.H.H. Huijsmans

Maritime Research Institute Wetherlands, (MARIN),
P.0. Box 28, 6700 AA Vageningen, The Netherlands

ABSTRACT

In this paper the strong interaction betuveen the vave drift force and sailing speed
or current on a LNG tanker is demonstrated. To compute the speed dependency of the

second order vave drift force a new theor

y is developed for a tanker sailing at low

forvard speed. Some computed results of the wave drift forces vith forvard speed
both in head and bov quartering vaves are discussed with results of model tests.

INTRODUCTION

The quadratic transfer function of the wave
drift force on a vessel may increase consider-
ably vhen sailing at lov speed or.moored in a
current field. In fact the quadratic transfer
function of the vave drift force is velocity
depencent. 1In the zero-current condition the
speed dependency of the wave drift force due
to the slovly oscillating moored vessel vill
be present also. This speed dependency of the
vave drift force can be distinguished by the
quadratic transfer function of the wave drift
damping. In case the vessel is moored in vaves
combined vith current the wave drift force can
be described by the current speed dependent
quadratic transfer fumction. The slovly oscil-
lating motions of the wvessel in the current
field are governed by the current speed asso-
ciated quadratic transfer of the vave drift
damping. The procedures are described by
Vichers in Ref. [1].

The formulation for the computations of the
speed dependent vave drift forces on a tanker
sailing at lov speed in head vaves has been
extensively described-in Refs. [1}, (2], (3]
and [4]. In this method the introduction of
the forvard speed consists of a steady and an
unsteady part. In the steady potential the
unperturbed velocity potential was applied.
Further it was assumed that the steady part
does not contribute to the unsteady part di-
rectly. It plays a role in the free surface
conditicn. Because of the considered very low
Froude number the effect of the free surface
vas not taken into account and the contribu-
tion of the steady potential vas completely
neglected. The time dependent oscillatory
potenzial can be written as a source distri-
buticn along the hull and the vaterline and
vill he expanded vith respect to small values
of ths forvard speed. By solving the poten-
tial, the part linear vith speed vill lead to

the speed effects in the ship motions arid
using the direct integration method, see

- Pinkster (Ref. {5]), the speed dependent vave

drift forces or wave drift damping can then be
determined. ’

The influence of the steady perturbation po-
tential resulting from the stationary fluid
flov around the ship can-be takem into ac-
count. In case the vessel is sailing at a cer-
tain drift angle, this effect appears to be of
considerable influence as shown in Ref. [3].
One of the extensions of the former method is
that the perturbation around the streamlines
of the stationary double body potential solu-
tion will be taken into account. This enables
the inclusion of "the influence of the station-
ary potential solution into the unsteady first
order potentials. Furthermore, applied to the
direct pressure integration method the deri-
vatives of the fluid velocities along the hull
lead to numerically inaccurate results. Pend-
ing on the choice of the method to compute the
potential along the hull also leads to a meth-
od that is inconsistent mathematically. There-
fore for the calculation of the drift forces
the present method is based on the conserva-
tion of impulse. For the conservation of im-
pulse an alternative formulation of Haruo’s
expression wvas used (Refs. {6}, [7} and {8}).
Details of the theory have recently been pub-
lished by Hermans (Ref. [9]). Similar descrip-
tions are given by Grue and Palm (Ref. [10})
and Nossen et al. (Ref. {l1]).

In the present computations the stationary
potential has been calculated using a Hess and
Smith type of procedure. For the computazions
a fast iterative solver is used to obtain the
first order vave potential. The computations
are applied to an LNG carrier. The results of
the computations will be discussed in this
paper. For the discussion use is made of model
test results for the vessel sailing vith for-
vard speed in head and bov quartering wvaves.




HATHEMATICAL FORMULATION

Ve first derive the equations for the poten-
tial function #(x,t), such that the fluid
velocity u(x.t) is defined as u{x,t) =
V(#{x,t)). The total potential function will
be split up in a steady and a non-steady part
in a vell-known way:

S(x,T) = Ux + ¢(x:U) + $(x,t;0) (1)

In this formulation ¥ is the incoming unper-
turbed velocity field, obtained by considering
a coordinate system fixed to the ship moving
under a drift angle «. In our approach this
angle need not be small. The time dependent
part of the potential consists of an incoming,
diffracted and radiated wave at fr quency
WS Wy + kOU cosf, where w. and k. = w /g are
the grequency and vave number in the earth-
fixed coordinate system, vhile w is the fre-
quency in the coordinate system fixed to the
ship. The waves are incoming under an angle g,
with respect to the vessel. To compute the
wave drift forces all these components will be
taken into account. The system of axis is
given in Fig. 1.

Fig. 1 System of axis

The equations for the potential ¢ can be writ-
ten as:

8% = 0 in the fluid domain De (2)

To ccmpute the first order vave potential the
free surface has to be linearized first. WVe
assume §(x,t;U) = ¢(x;U)exp(-iwt), then the
free surface condition at z=0 can be vritten
as f12]:

= D(U;0) {0}

at z=0 {3)
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vhere D(U;g) is a linear differential operator
acting or ¢ defined in Ref. {12}. The quadrat-
ic terms in ¢ are neglected.

The linear problem 1is solved by means of a
source distribution along the ship hull, its
vaterline and the free surface z = 0. Ve
write:

dng(x) = - [f 0(£)G(x,&)dsa +
S

2
+ g— éL ano(E)G(X,ﬁ)dSE + (4)

iw
*z f%s G(X.£)0{¢}d3£ for x € D,

vhere D{¢} = 2V¢.¥¢. The function G(x,&) 1is
the Green’s function that obeys the free sur-
face condition (3) where D equals zero. In
general the boundary conditions on the ship
are given in the form:

Vé.n = V(x) for x €8 (5)
This leads to an equation for the source
strength:

-2n0(x) - ff o(£)30- G(x,£)dS; +
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This equation can be solved iteratively in
principle, hovever, the numerical evaluation
of the Green’s function is rather time con-
suming. Therefore we make use of the fact that
U is small, keeping in mind that there are tvo
dimensionless parameters that play a role,
namely: e .

T = il <« 1 and v = g% >» 1
& U

The source strength and the potential function
can be evaluated as follows:

o{&)

oo(E) + Ta (£) + o(&;U) (7

¢(x)

8o(x) + To,(x) + (x;U) (8)

vhere o and ¢ are 0(12) as 1 » 0, vhile the
expansion of G is less trivial, see [4]. Com-
putations can be carried out by means of a
modification of the existing fast code.

VAVE DRIFT FORCES

In [4] ve described a vay to compute the first
order forces and the second order mean drifr
forces. The method ve used there vas based on
a direct pressure integration of the first and
second order pressures respectively. It has
been shown before [S} that this method works
vell and is even necessary in order to compute
the slovly varying drift forces in irregular
vaves.




AT this moment ve are mainly intevested in the
constant component of the drift force. In this
section we apply a method that leads to re-
sults that are more accurate numerically. This
method is the one that in the past led to the
first results of the drift forces (6, 7}.
Haruo {6} and later Mewman [7] have derived an
expression for.the vave drift forces and mo-
ments in still water.

The mean drift forces and moments may be ex-
pressed as [7]:

fx = -Ig chose+pvR(VR cose—Vesine)ﬂRdedz (9)

'Fy = -Ig [p51n9+pVR(VR sine-vecose)]Rdedz (10) -
-3

= 2

H_ = dedz (11)
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where. p is the first order hydrodynamic pres-
sure, V is the fluid velocity vith radial and
tangential components V_, V. and S, is a large
cylindrical control surfacé wvith radius R in

the ship-fixed coordinate system. Faltinsen .

and Michelsen {8} derived from these formulas
expressions 1in terms of the source densities
of the first order potentials in "the case of
zero speed.at finite depth. Ve follov a simi-
lar approach from:

6 q .
o = a(7) + L O(J);. : (12)
j=1 J
vhere ay = a.e ¥t 5. 1(1)6 are the six
modes ofJmotidn and the superscript 7 refers

to the diffracted component of the source
strength. Hovever in our case, the velocity
potential has the form:

$(X,t) = Ux + $(x;U) + o(x;U)e **T

Ux + 300 + (00 (x50 + o) (x50

6 < . .
() (y.0vg yeint
+ j§1 ¢ (x,U)aj}e (13)

vhere the potentials ¢(J)(x;U), jJ = 1,7 have
the form (4) and are the potentials due to the
motions and the diffraction. Ve assume that
they are all determined by means of the source

distributions o(J) . oo(j)+rol(j’.
Ve find the folloving expression for the drift

force F_ after some lengthy manipulations (see
Hermars™[9]):

Fo-rl), g2 (14)
X b4 X

vith Fy defined accordingly and vith

AR Afgi F(8")cos(S(8") + 7)(cos8) ~ O(c?)

{15)
vhere
5 o B2 * -8 - 2+ si
A= 7a- %, and 38 B T sin3 (16)
0
and k = mg/g.

The second part of the wave drifr force may be
analyzed in the same way. Ve obtain:

2n
Fiz) -2k F2(6){cose - 2t sine’jde +
0

+.0(12) . (17)

and for F;I) and F;z):-

FID = 4128 2(g%)cos(5(8%) + Dsins + 0(<?)
y £

) (18}
and
2 2 ,
F£ ) = ® k[ Fi(8)(sine(l + 21 cos8))ds +
3 L .
+ 0§7°) (19)

The function F(8) is the Kochin function vhich
describes the behaviour of the - potential for
large distances (see Huijsmans [13]).

RESULTS OF COHPUTATIONS AND MODEL TESTS

In order to apply the above described method
computations have been carried out on an LNG
tanker. The particulars of the LNG tanker are
given in Table 1, vhile the small body plan is
given in Fig. 2.

For the computations the tanker vas schema-
tized by means of a panel distribution. The
number of facets that vere used amounts to
1024 on the vhole body surface. The pznel de-
scription of the tanker is given im Fig. 3.

In order to incorporate the influence of the
stationary potential solution into the un-
steady motion potential the statiomary double
body potential has been compured. Use is made
of the Hess and Smith procedure. For this pur-
pose the free surface vas exteanded to a maxi-
mum  of twvo ship lemgths and thres ship




~* Designation Sym-{Unit| Magnitude
- bol
‘Length between perpen- | AT
diculats Lpp' m 213'0
Breadth B m 42.0
Draft - - - 4T -mg |0 1.5
Displacement volume v .m~ {98,740
Centre of gravity above
ikeel _..Kg m . 13.70 ‘
/Centre of buoyancy for-|__ . ' T
‘lvard of section 10~ EEAS e 2.16
Hetacentric height {GH m- 4.0
Longitudinal radius of
gyration in air kyy ‘ m Bagls
Natural pitch period T& S 8.8
Vaterplane coefficient CU e 0.805
?}d§h1p section “coef- c _ 0.991
icient M
Block ceefficient CB - 0.75

breadths. Fig. 4 shows the free surface surge
velocities around the sailing vessel (or the
vessel in head current). In this condition the
deviation from the unit velocity is relatively
small. More deviation can be expected when the
vessel is moored in a cross curren:. In Fig. 5
the free surface surge and suay velocities
around the tanker in a <ross current are
shown. Taking into account the velocity pro-
file in the free surface the developed theory
for the vave drift forces vere carried out for
a set of regular vaves. The computations vere
carried out for head vaves only.

The results of the computations in terms of
the gquadratic transfer function of the vave
drift force for zero and 1.5 m/s forvard speed
are presented in Fig. 7. In the same figure
the gquadratic transfer function of the surge
vave drift damping is given. The result of the
vave drift damping is approximated according
to Ref. [1}:

Table 1 Particulars of the LNG tanker

N
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Fig. 2 Small body plan of thz LNG tanker
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2 - 2 = 2
B (/L] = (F (U,w)/Z, - F (0,0)/2] )/U (20

in vhich:

U = undisturbed sailing or current speed

w = earth-bound wave frequency for sailing
speed or current bound for current condi-
tion.

From the results it can be concluded that with
regard to the quadratic transfer funcrion of
the wave drift force at zero speed the trans-
fer function for 1.5 m/s increases consider-
ably betveen w = 0.55 and 0.75 rad/s. As a
result the wvave drift damping vill be large in
this frequency range also. The measured vave
drift damping values- as derived from decay
tests in wvaves (Ref. (1]) corresponds vell
vith the computed curve.

In order to study the speed dependency of the
vave drift forces model tests vith a sailing
LNG tanker vere carried out. The tanker wvas
exposed to a set of regular vaves incoming
from ahead and the bov quarter. The tests vere
carried out in the - Seakeeping Laboratory of
NARIN measuring 100~x 24.5 x 2.5 m. The scale
vas 1:70. The mean vave drift forces in.surge
direction vere measiuied (added.resistance) for
"Froude numbers Fn.= 0.14, - 0.17. and 6.2. For
full scale the sailing “speeds correspvad to
7.2, 8.74 and 10.29 m/s respectively. The re-

-'=_sults of the measurements are given in Fig. §.

In the same figure the results of the computed
mean wave drift force in head wvaves for Fn =
0.0 and 0.029 (L.5 m/s) are indicated, vhile
“for bow " quartering waves the computed mean
vave drift force for Fn = 0.0 is given. Fig. 6
clearly shows the important effects . of small
forvards speed (current speed) on the wave
drift forces.

Fig. 3 Facetization of the LNG tanker
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For the LNG tanker sailing

wave drift force sesms to be even larger. In- for small forvard speed
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CONCLUSION

The interaction of current and vaves can lead
to a strong increase of the values of the
transfer function of the wave drift force. In
this paper the speed dependency of the drift
forces is restricted to the surge direction
for a vessel sailing in head and Lou quartes -
ing seas.

In this paper a new theory is presented where
the current profile is taken into account for
the computation of the unsteady first order
potential and an alternative of Maruo‘s ex-
pression for the conservation of impulse is
used to compute the wave drift forces. By
means of this theory the speed dependency of
the wvave drift forces and the associated vave
drift damping for arbitrary vave and current
direction may be computed more precisely.

The computed results for the tanker in head
vaves are'encouraging. In the future the re-
sults for arbitrary vave and current direction
vill published.
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