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ABSTRACT

ARACTERISTICS
VESSELS

Compared with conventional monohulls, SWATH type vessels offer great potential in terms of superior seakeeping characteristics. In
the last decades this has stimulated research into SWATH hydromechanics and development of practical design tools.

Some of the basic understandings of SWATH hydromechanics are illustrated by comparing the hydrodynamic characteristics of a 2847
tonne SWATH vessel with a monohull of the same displacement. Special aspects of SWATH design like the design of stabilizing fins are
dealt with. The differences observed in the motion characteristics of the two hulls are given an interpretation in the light of the wave

climate prevailing at the North Sea.

I. INTRODUCTION

The economical efficiency of an oceango-
ing vessel is governed by the initial capital
investment, the operational costs and the
benefits in terms of achieving the objec-
tives of the design. The complexity of this
problem makes it very difficult to make a
straightforward comparison between a
SWATH and a monohull; a particular de-
sign requirement often yields SWWATH and
monohull designs which are not very com-
parable as to the main dimensions or dis-
placement.
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Fig. I. Main particulars of swath
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In the present investigation the compari-
son is based on vessels with the same dis-
placement. In practice this will mean that
the monohull has a relatively large payload;
the SWATH has a relatively large deck
area.

The SWATH hull form is the well-known
DTNSRDC 6A design described by C.M.
Lee [1]; basic characteristics of the vessel
are shown in Table | and Figure I. The
characteristics of the (hypothetical) 100 m
monohull are representative for a contem-
porary frigate hull form.

FACET ELEMENT DISTRIBUTION OF SWATH

Number of facets: 2 x 226

Fig. 2' Facet element distribution of swath

Table !

m 73.15
m 52.50
m 22.90
m 8.10
m 4.60
tonne 2847
m? 193.90
m 2.90
m 6.80
m 100

m 14.4
m 47
tonne 2847

The comparison is based on the assump-
tion that the motion characteristics can be
dealt with by linear seakeeping theory.
This makes it possible to treat the problem
of determining the wave induced forces
separately from the problem of determin-
ing the motion induced hydrodynamic
reaction forces. The motion characteris-
tics were derived from the zero-speed
characteristics of the hulls by assuming that
the wave induced forces and hydrody-
namic reaction forces are not affected by
forward speed; in the latter only the
Doppler shift in the oscillation frequency
due to forward speed is accounted for.

2. CHARACTERISTICS OF THE
UNAPPENDED HULLS

The basic zero-speed characteristics of the
two alternative unappended hull forms
were calculated by means of a computer
program based on linear potential theory;
the element distribution wused to
schematize the SWATH hull is shown in
Figure 2. Viscous or lift effects were ne-
glected in the calculations.

The results of the calculations are the wave
induced forces and the hydrodynamic
reaction forces in terms of added mass and
wave making damping at zero speed.

Wave induced forces

In the wave induced forces contributions
from the pressure field in the undisturbed
wave (the 'Froude-Krylov’ component)
and the pressure field from the diffraction
effects were discerned. In the vertical
modes the first force component is associ-
ated partly with the geometry of the
waterline; the second component is associ-
ated with the volume and shape of the sub-
merged part of the hull.

Figures 3 to 6 show the magnitudes of the
wave induced forces in the heave and pitch
mode. For both the monohull and the
SWATH the Froude-Krylov component
dominates the wave induced forces at low
frequencies; at higher frequencies the total
force is a complicated mix.of both compo-
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nents, often acting in opposite direction.
The humps in the diffraction component
can be associated with the wave length and
the distribution of the volume along the
length of the hull; experience with various
SWATH hull forms learns that the height
of the peaks in the excitation forces can be
influenced strongly by adopting a favour-
able hull form.

The obvious difference between the two
hull forms resides in the magnitude of the

total excitation, especially relevant in the
important wave frequency range between
0.5 and | rad/s.

Although the heave and pitch excitation
for both hull forms differ in magnitude
their character was similar; this is not the
case for roll, see Figures 7 and 8. Contrary
to the monohull the excitation of the
SWATH is dominated strongly by diffrac-
tion effects. The roll excitation of the

Froude-Krylov
Total

——— Diffraction

monohull is quite modest when compared
to that of the SWATH.

Hydrodynamic reaction forces

The forces acting on the hull as a result of
the motion response are expressed by an
added mass and a damping term. Figures 9
to |4 compare the results of the calcula-
tions for the heave, roll and pitch modes. it
is shown that for the heave and pitch mod-
es the hydrodynamic reaction forces of the
SWATH are characterized by a relatively
small added mass and very small wave mak-
ing damping. For roll both the added mass
and damping are substantially greater than
that observed for the monohull.
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The following table summarizes the natur-
al frequencies of the two hulls, together
with the relative damping (in fractions of
the critical damping} in the various modes.

Only the heave and pitch responses of the
monohull show considerable damping. In
the remaining cases a relatively high re-
sponse may be expected if the freqency of
wave encounter is close to the natural fre-
quency of the mode concerned.
Considering the wave frequency range be-
tween 0.5 and | rad/s as the dominant
wave frequency range (disregarding long
period swells) it may be concluded that at
zero speed only the heave motions of the
SWATH are subject to dynamic amplifica-
tion effects; the monohull experiences un-
favourable tuning in the roll mode. At non-

100 m Monohull

SWATH Monohull
[rad/s] [-1 [rad/s] [-]
Roll 0.31 0.0003 0.68 0.0036
Heave 0.63 0.0080 1.31 0.2600
Pitch 0.33 0.0004 1.34 0.2300

zero speed the monohull experiences un-
favourable tuning with the heave and pitch
modes in head and bow quartering seas and
roll in beam seas; Figure |5 shows that the
SWATH meets these conditions in beam
and stern quartering seas.

Motion response of the
unappended hull
Figures 16 to 21 show the motion re-
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sponse of the unappended hulls in head and
beam seas.

The lightly dampened modes of motion are
characterized by sharp resonance peaks.
The benefits of the SWATH design at non-
zero speed are readily recognized; in the
wave frequency range of practical interest
the heave, roll and pitch motions are con-
siderably smaller than those observed for
the monohull.

3. STABILIZING FINS

In practice lift and drag forces acting on the
hull fimit the motion amplitudes in reso-
nant conditions; because these forces are
often relatively small, appendages are of-
ten beneficial in an effort to increase the
damping. The use of (active) fin stabilizers
is common practice on passenger vessels
and frigates.

Stabilizing fins operate in a flow field which
may be regarded as the sum of a steady
(non-homogeneous) flow as a result of for-
ward speed, the incident and diffracted
waves and the motion response of the ves-
sel. In general these forces manifest them-
selves in the wave induced forces, the hy-
drodynamic reaction forces and the
restorring forces.

State-of-the-art computer programs do
not allow a detailed analysis of the flow
field in the proximity of the hull oscillating
among waves. For this reason, the starting
point for the analysis of the forces acting
on the fins will be the (sometimes crude)
assumption that they operate in an undis-
turbed uniform flow supplemented with
orbital motions when considering wave in-
duced forces or the (local) motion am-
plitudes when considering the hydrody-
namic reaction forces. For reasons of sim-
plicity only the lift forces will be dealt with.
Knowledge of the angle of attack makes it
possible to make an estimate of the related
forces:

Fo=YpV2. AL G o
O

in wich
F. = lift amplitude

p = specific density of (sea)water
A = forward speed

A¢ = fin area

dC,

do
o, = amplitude of the angle of attack.

= lift slope

270
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Apart from disturbing the flow field the
geometry of the hull affects the lift charac-
teristics of the fins; in addition the lift
forces on the fins show ’carry-over’ to the
hull. Lee [I] describes an approach based
on slender body theory to calculate these
interferences between a fin and a slender
body.

Research on hydrofoil craft has shown that
also free surface effects have a consider-
able influence on the lift characteristics of
stabilizing fins. In this report reference is
made to work by Van Walree [2]. In addi-
tion fin-fin interferences can be important;
McCreight [3] quotes data from Lloyd [4]
and Cox [5] which can be used to make an
estimate of the interferences; in the pre-
sent work interferences are neglected.

In the absence of a practical numerical tool
to describe the flow along a vessel oscillat-
ing at non-zero forward speed among
waves the above approaches are helpful in
early stages of the design; experience with
the correlation between the results of
theoretical calculations and model tests [6]
indicates that physical experiments are es-
sential to obtain a reliable final prediction.

Angle of attack

When considering the wave induced
forces acting on a horizontally oriented fin
the linearized angle of attack « , is given by:

x=zV
in which

z = (local) vertical component of the or-
bital motion in the undisturbed wave
V = ship speed.

The effective angle of attack follows from:

de=2V+a +0

z = the local vertical motion of the fion
as a result of heave, roll and pitch
motions,

o, = finangle as a result of active fin con-
trol (reacting on, for instance, roll
and pitch and their time de-
rivatives),

© = pitchangle.

Following the above equations it becomes
clear that the wave induced forces and the
passive part of the hydrodynamic reaction
forces (damping) are proportional to the
forward speed. The active fin control in-
troduced a damping component which is
proportional to the square of the forward
speed. Also the restoring forces due to the
pitch angle or active fin control are pro-
portional to the square of forward speed.

Fin characteristics
The geometry of the fin arrangement of

the SWATH is shown in Figure 1. Inagree-
ment with the procedure adopted by Lee
[1] the empirical expression derived by
Whicker and Fehlner [7] for the lift slope
of low aspect wings is used to calculate the
basic characteristic of the wing. The
adopted effective aspect ratio is:

Ae = (I"o - r'/f'o)/C

in which

A. = effective aspect ratio

ro = distance fin tip to body axis
r = body axis

¢ = average chord.

The lift slope of the wing alone follows
from:

OCL = | 8unwA/(1.8+(Ac+4))[rad™']
6(XW

The total lift in deeply submerged condi-
tion becomes:

G- (Kwey + Kgwy) el [rad—"]
¢4 6(¥W

in which

Kw) = factor representing the lift in-

duced by the body on the wing

Kgw) = factor representing the ’carry-
over’ of lift from the foil to the
body.

The above interference factors are indi-
cated in Figure 22. The lift slope was cor-
rected for free surface effects according to
[2]; it was found that the two-dimensional
correction to the bound vortex domi-
nated the result. This correction is shown
in Figure 23.

The following table summarizes the results
of the calculations for both fins:

Wave induced forces

In those cases where the wave induced for-
ces acting on the hull are small a significant
contribution may be expected from the
stabilizing fins. Figures 24 to 26 indicate

VALUES OF LIFT RATIOS BASED ON
STEADY BODY THEORY [1]
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Fig. 22 Values of left ratios based on steady

body theory
LIFT DEGRADATION DUE TO FREE SURFACE EFFECTS
2-dimensional case

25

Flat plate at
angle of attack

(4] ST L Lol b atil i 1

Fig. 23 Lift degradation due to free surface
effects.

Fwd fin Aft fin
Area [m] 8.1 24.0
Chord [m] 2.6 4.5
Span [m] 3.1 54
Body radius [m] 2.3 23
Fin mounted on small diameter body
in an infinite medium; Lee [1]
Effective aspect ratio [~ 1.54 1.70
Lift slope wing only [rad~'] 2.0l 217
Lift slope wing in proximity hull [rad™] 2.51 2.93
'Carry-over’ from wing on hull [rad~'] 0.90 1.48
Total effective lift slope {rad™"] 34| 4.41
Free surface effects;
Van Walree [2]
Lift degradation [%] 15 9
Total effective lift slope [rad™"] 2.90 4.0

For the monohull two 7.3 m? fins at an angle of 45 degrees were accounted for; an effective lift

slope of 4 rad”’ was adopted.
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the relative magnitude of the wave in-
duced forces on the hull and the fins; the
heave and pitch modes are considered for
the SWATH huli; the roll mode for the
monohull. The results show that the con-
tribution from the fins is far from negligible
in all cases.

Hydrodynamic reaction forces
Figures 27 to 29 show the relative mag-
nitude of the contribution of fins and hull
for the foregoing cases; the fins meet there
purpose in terms of a strong increase of
the damping. '

Motion response of the appended
hulls

The following table summarizes the re-
vised values for the natural periods and di-
mensionless damping for the case of pas-
sive fins. It shows that the presence of fins
increases the damping values quite consid-
erably.

HEAVE EXCITATION IN HEAD SEAS

SWATH Monohull
®q n Wn u
[rad/s] -1 [rad/s] [-]
Roll 0.31 0.100 0.68 0.260
Heave 0.63 0.183 1.31 0.260
Pitch 045 0.430 1.34 0.230

The foregoing results were implemented
in the equations of motion; the original
(undampened) results are compared with
the dampened values in Figures 30 to 33.
Comparison with experimental results re-
ported by Keuning [8] indicates that the
prediction (based on potential theory cal-
culations for the hulls supplemented only
with estimates of the effects of the stabili-
zer fins) yields a very reasonable predic-
tion of the motion characteristics for high-
er wave frequencies. In the lower wave
frequency range resonant behaviour is
overestimated by the adopted approach.

HEAVE DAMPING

4. OPERABILITY ANALYSIS

Wind and waves

Wind and wind generated waves strongly
affect the operability of oceangoing ves-
sels. For this reason an operability analysis
is not complete without account for their
presence. Important environmental para-
meters in such an analysis are the spectral
characteristics of the waves in storm con-
ditions (wave height, characteristic
period) in relation to the wind velocity and
the persistence of storms. The natural vari-
ability of the environment within an ’invar-
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iable climate implies that long-term statis-
tics of these parameters are required for a
reliable analysis.

In ocean engineering practice wind and
wave data are often used in terms of a

PITCH IN HEAD SEAS
73 m SWATH - 20 knots
Unappended

— —— Appended
A A A Experiments [8]

Beaufort number in which a direct relation
between wind speed on one hand and
wave height and wave period on the other
hand is adopted. The table on the next
page (see also Figure 34) gives some ex-
amples.

Although attractive because of its simplici-
ty the single dimension of the climate de-
scription seriously affects the reliability of
the results. Information from measure-
ments and observations off shore has
pointed out that the relation between

wind speed and the various wave parame-
| : ters is far more complicated than sug-
! " gested by a Beaufort number for ’average’
! conditions. Figure 35 indicates the degree
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of variability of the wave height within a
beaufort number on the North Sea [10].

A basic mechanism behind the scatter in
the wind velocity and wave parameters is
that higher wave conditions require a con-
siderable time to achieve an equilibrium
state with the wind speed, both in growth
and decay. Equilibrium conditions are, as
far as the higher wave conditions are con-
cerned, seldomly achieved.

Apart from introducing scatter in the rela-
tion between wind speed and wave height
the same mechanism introduces scatter in
the relation between wave height and
wave period. This is reflected in a well-
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know way to present wave statistics, the
so-called wave scatter diagram. A source
with worldwide information is provided in
'Global Wave Statistics’ [13]. Janssen [12]
describes a wave model in which a com-
bined relation between wind speed, wave
height and (peak = modal) wave period is
used for the wind driven part of the wave
spectrum. Figure 36 shows a scatter dia-
gram for the North Sea in which the wind

speed (derived from wave height and wave
period) is indicated. It shows that the left-
hand side of the scatter diagram is charac-
terized by relatively high wind speeds; the
right-hand side may be characterized as
swell. -

Criteria
Operability figures can be derived from
the wave statistics by applying criteria for

RELATION BETWEEN WAVE PARAMETERS AND WIND SPEED
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WAVE SCATTER DIAGRAM (parts per thousand)

-~ Mid North Sea -

Fig. 36 Relation between wave parameters and wind speed -

the maximum allowable motion response
of the vessel. Generally these criteria are
derivates of the basic motion components
of the hull, for instance acceleration levels,
the relative wave elevation at the bow or
the added resistance or speed loss. The
NORDFORSK study [14] provides guide-
lines for some applications.

In the present work only the vertical accel-
eration levels at the bow and the roll mo-
tions were taken into consideration. Fi-
gure 37 illustrates the results of this analy-
sis. They confirm the potentials of the
SWATH concept; the vertical accelera-
tions at the bow and the roll motions of
the SWATH are substantially lower than
those of the monohull.

5. CONCLUSIONS

Regarding the results of the investigation
discussed in this paper it is concluded that
the hydromechanic characteristics of
SWATH hulls are characterized by low ex-
citation levels and low damping values in
the vertical modes of motion, heave and
pitch. Stabilizing fins are effective in in-
creasing the damping to acceptable levels

WAVE SCATTER DIAGRAM (parts per thousand)

- Mid North Sea -

Fig. 37 Operability in head and beam seas (20 knots)

274

SenW 57STE JAARGANG NR 5




at non-zero speed. However, the low
wave induced excitation implies that the
contribution of the fins in the total excita-
tion is far from negligible.

A numerical approach based on zero-
speed potential theory for the hull sup-
plemented with the effects of the stabiliz-
ing fins yields a reasonable prediction of
the heave and pitch response in non-reso-
nant conditions.

Comparing two vessels of a similar dis-
placement (a SWATH and a monohull) the
SWATH shows superior seakeeping
characteristics because of its low accelera-
tion levels and small roll angles.
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