Procesdings of the 9th International Conference om Stability of Ships
ared Qcean Vehicles

STABZ00E

A Static Stability Analysis of a Hover craft by M odel
Testsand CFD

Sunho Park, Hanjin Heavy Industries and Construction Co., LTD.
Jaekyung Heo, , Hanjin Heavy Industries and Construction Co., LTD..

Byeong Seok Yu, , Hanjin Heavy Industries and Construction Co., LTD..

ABSTRACT

The static stability of ahigh-speed hovercraft is estimated by modd tests, smplified restoring moment
equations and CFD. Wdll-known methods to increase the stability of hovercrafts are introduced. Roll and
pitch moments of a scaled model with a skirt system are measured over inclination angles. The tests are
performed on cushion a zero speed both on-land and over-water. To predict the dtatic stability
performance, smple restoring moment equations and CFD approach are introduced. Both shows a
quantitative difference from the mode test results, however, could be used as a design tool for relative

comparison.
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1. INTRODUCTION

Hovercraft is operated in hovering condition
on-land and over-water using vertica supporting
force by generating a pressure in a cushion space.
Hovercraft is composed of lift fans, bow thrusters,
propdlers, skirt, hull and so on. Lift fans supply
ar to skirt and bow thrusters respectively. Bow
thrusters, mounted on the upper part of thelift fans,
are used to maneuver the craft. Skirt, attached to
the hull, is used to hold air in a cushion apace.
Propellers, mounted on the hull as far backward as
practica, contribute main propulsion.

Hovercrafts have been developed with
experimentd, theoreticd and computationa
methods since Sir Cockerdll invented an idea in
1959(Mantle, 1980). Hovercraft technology has
relied on experimental ways, such as moddl tests
or full scde trids. However, the recent
advancement of computational methods enables
designer's to  investigate  hydrodynamic
performance of hovercrafts.

Havelock(1909)'s theoretica study has been

widely used in CFD analyss on hovercrafts.
Kohara and Nakato(1992), Na and Leg(1996)
distributed a pressure field on the cushion area and
investigated wave patterns and wave resistance.
Nikseresht et d.(2005) dso employed pressure
digributions with  VOF method. Recently, other
applications to hovercrafts by CFD have been
introduced. Park and Yu(2004) computed
unsteady flows from a lift fan to a bow thruster.
Lavis and Forstel(2005) performed computations
on alift fan and aducted propeller.

The present study first describes the stability
of hovercrafts and introduces some basic methods
to increase it. The static stability of a hovercraft is
investigated by model tests. Smple restoring
moment equations and CFD computation to
predict the datic stability are introduced. The
predicted vaues are compared with the moddl test
results.

2. STABILITY OF HOVERCRAFTS
The stability of hovercrafts can be divided into

gatic and dynamic characteristics. Like aircrafts or
surface ships, a hovercraft is operated in six



degrees of freedom but, due to its proximity to the
surface, isrestricted inits pitch and roll attitudes.

The mechanism of the daic ability of
hovercrafts is Smilar to surface ships, except the
restoring moment generated by pressure gradient
in cushion chamber. The restoring moment mainly
depends on the shape of skirt employed in the
hovercraft as that of the surface ship is
characterized by its hullform. The cushion
pressure and its digribution in the cushion
chamber are the main parameters of the restoring
moment of static stability.

The dynamic dtability of hovercrafts can be
considered mainly by plow-in phenomenon. Plow-
inisan unstable characteristic that can be occurred
while running in the trim by bow at high speed.
Plow-in decreases the performance of hovercrafts
and even causes capsizing.

The static stability for roll and pitch motionsis
generdly expressed in stiffness, which is defined
asfollows.

%CP = M x100 1)
WL

Where, %CP: percent cushion pressure shift
M: pitch (or roll) moment
W: Hovercraft weight
L: cushion reference length (or beam)

The roll or pitch diffness means the
percentage shift in the center of cushion pressure
which results from a 1-degree change in roll or
pitch angle.

Generd methods to increase pitch and roll
dability were summarised by Mantle(1980).
Conventional hovercrafts employ a combination
of the following three basic methods,
compartmentation method, center of pressure shift
method, and pressure-rise method as shown in
figure 1. The Compartmentation method consists
essentialy of compartmentation of the cushion
area by ether downward-directed ar jets or
inflated flexible <kirt keds. The pressure
difference of the compartments generates a

restoring moment. The center of pressure shift
method employs skirts shaped so as to cause
outward movement of cushion aea of the
downgoing side. The incurred center of pressure
(C.P.) shift, with area change, gives the desred
restoring moment. The pressure-rise method uses
the multicushion design which provides pitch and
roll stability from the basic stiffness in heave of
the individua “jupes’ or conica cushions.
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Figure 1 Static Stability Improving Methods

Plow-in, which can judge the dynamic stability
of a hovercraft, occurs usudly a trim by bow
condition. An air cushion feed directly into the
bow cushion from lift fans could increase the bow-
up moment to prevent plow-in. Also many
hovercrafts have horizontal stability sed located
forward from the midship to make higher pressure



in the fore cushion area.

3. MODEL TESTS

3.1  Test Setup and Procedure

The modd tests were conducted at the towing
tank of David Taylor Modd Basin (DTMB). A
1/12" scaled model is shown in figure 2. The skirt
of the model was made of ripstop nylon with
approximately scaled flexura gtiffness comparable
to that of the full-scale skirt materid. The hull-
mounted fan system combined with the skirt
sysem  produces cushion  characteristic

corresponding to the full scale.

Figure3 Roll static stability test

The modd, initidly hung above the free
aurface, is laid on the water after the cushion
chamber is filled with the air. A weight on the
deck generates a roll or pitch moment, and the
inclination angle is measured. Figure 3 shows roll
datic sability tests. Changing the location of the
weight, the inclination angles over various
moments are measured.

3.2 Model Test Results

Roll and pitch stability tests were performed
both on-land and over-water conditions. Figure 4
shows the roll stability test results. The dope of
the curves a O degree gives the roll stiffness of
124 and 1.01, for onland and over-weter,
respectively. The moment of over-water condition
a Odegree is higher than the on-land due to the
deflection of the free surface, even though the skirt
system is symmetry shown in thefigure 2.
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Figure4 Roll moment curves
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Figure5 Pitch moment curves

The different bow and stern skirt shapes and
the doability sed located forward cause
longitudina unsymmetry. Figure 5 compares the
pitch stability test results. The on-land and over-
water pitch diffnesses are 344 and 254,
respectively. The moment at O degree is not zero
due to the unsymmetric skirt system. The pitch
diffness is found much greater than the roll
diffness due to smdler cushion area of the
forward compartment, location of the stability sedl
and air feeding system.



4. SIMPLIFIED RESTORING MOMENT
PREDICTION

4.1  Roll Static Stability

Once the hovercraft heels one sde asshownin
figure 6, the pressure gradient along the beam is
generated. The pressure of the wetted sde gets
increased and decreased the other dSde
Simultaneoudy, the center of cushion pressure
moves from the line of GC to GC'. If we assume
the pressure gradient in the cushion chamber is
negligible to smplify the roll stability equation,
the roll moment by the pressure difference in the
skirts with double fingers can be cdculated by
equation (2).

My =RA,-RA, )

Where, Mg roll moment
A: areaof skirt tip
Py: bag pressure
Pc: cushion pressure

Figure 6 Pressure distribution in cushion

4.2  Pitch Static Stability

In asimilar manner, equation (3) is derived for
the pitch moment of the skirt system shown in
figure 1(a). It has single fingers in bow and stern,
and agtability sedl amid the craft. Thisassumption
amplifies the equation as the pressure difference
is offset each other.
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were, Mg pitch moment
B: cushion beam
L: cushion length
V: total chamber volume (=Va+Ve)
V1 chamber volume of the wetted side
Veo: chamber volume of the dried side

Using the above equations (2) and (3), we
obtain 0.7 %/deg and 3.0 %/deg for roll and pitch
stiffness of the present hovercraft, respectively.

5. CFD ANALYSIS

Numerica static sability tests were performed
using a commerciad CFD program, FLUENT ver.
6.2. As the roll stability is worse than the pitch
stahility, we computed only the roll stability. On-
land and over-water conditions were investigated
employing symmetry boundary condition and
V OF method, respectively.

Figure7 Computational grid system

The grid is shown in figure 7 which is
comprised of 0.3 million hexahedrd cells. The
complex skirt shape and the compartment sed
were neglected for the grid generation. The initid
inclination angle is restricted to small values for
the skirt not to touch the fixed or free surface. The
hovercraft including the skirt is assumed rigid and
fixedinitsinitia position and shape.

51 On-land condition

As the hovercraft in the computation can not
move for the pressure change in the cushion
chamber, the air gap from the tip of the skirt to the
ground needs to be consdered. That is, the initia
ar gap must not affect the dtiffness. Two gap
distances, 30 and 50 mm, were given, and steady



state computations were carried out. It was found
out that the larger air gap gives smaler moment
and lift force. However, the stiffness remains the
same for the both cases, as the diffness is
nondimensonalized by the weight of the
hovercraft, which, in this computation, is the
obtained lift force. We set the size of the air gap of
50 mm from the dependency tests.

The roll stiffnessis obtained from the dopein
figure 8, based on the computation results for two
hedling angles, 0.1 and 0.3 degrees. The stiffness
is0.79, alittle smaller than that by the mode! tests.

5.2 Over-water condition

Ungteady State over-water computations were
peformed usng VOF mehod to capture
nonlinear free surface motions. The fans of the
hovercraft were modelled as a velocity inlet. The
velocity was given from fan modd test results.
However, we set for the velocity to increase
gradually to prevent internal waves, up to 20 and
10 seconds for 0.1 deg. and 0.3 deg. hedling

angles, respectively.
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Figure 8 Roll moment curve of on land

computation

Figure 9 shows a captured free surface for the
case of initial hedling angle of 0.1 deg. Complex
free surface eevation near the skirt is shown.
Though the heding angle is smaler than the
modd tests, the complex free surface behaviour is
smilar to the modd tests. However, interna
waves are developed in the cushion area, which
causes a pressure fluctuation.

Figure 10 shows time history of roll moment
for the heedling angle of 0.1 degree. Even though
we accelerated the velocity for 20 seconds, the

moment history shows an oscillation due to the
fluctuation of internal waves. To caculate the roll
diffness, moment and lift force are averaged
during the from the end of the acceleration, 20 and
10 seconds for 0.1 and 0.3 degree, respectively, to
the end of the computations, 72 and 43 seconds.
Using the averaged moment and weight, roll
stiffness of 1.66 is obtained.

Figure9 wave height contours (roll angle: 0.1
deg., T: 58 sec)
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Figure 10 Time history of roll moment (roll
angle: 0.1 deg.)

The result of the over-water computation is
quite different from the on-land condition. The
fluctuation of the free surface and pressure might
be amagjor source of the discrepancy.

Table 1 summarizes al the results obtained
from mode tests, smple prediction, and CFD
compuitation. It is found that smplified prediction
and CFD do not agree with the mode! tests.

The smplified prediction does not exactly
consder pressure gradient, center of cushion
pressure and the effect of stability seal which
might cause the difference. Though CFD could



modd al the assumption made in the smplified
equation, both onland and over-water
computations showed different results from the
modd test results The on-land computation,
which showed numerically sable, needs more
mesh to improve accuracy. The over-water
computation should employ anumerica treatment
to sabilize the interna waves.

6. CONCLUSIONS

This paper investigated three methods, model
tests, the smplified equations, and CFD, to
estimate the stability performance of ahovercraft.

For the simplified restoring moment equations,
the assumptions which the pressure gradient in the
cushion chamber is negligible and a stability sed
Is amid the craft cause the error. However, as the
equations need only man dimensons and
pressures, they could be easly used when
selecting main dimensions.

Contrast to the smplified prediction method,
CFD requires a very tedious work. However, it
can consider the complex shape and flow field in
the skirt. Though the over-water computation
could not remove the free surface fluctuations, the
on-land case was very stable and needed a short
computation time. The difference between the on-
land computation and the modd tests might be
primarily caused by the smplification of the skirt
geometry. If the on-land computation guaranteed
the condstency, it would be a powerful tool to
design hovercrafts.

7. REFERENCES

Havelock, T.H., 1913, “The Wave Making
Properties of Certain Travelling Pressure
Disturbance’, Proc. Royal Society, A, Vol.
89.

Hirt, C. W. and Nicholls, B. D., 1981, “Volume
of Fluid(VOF) Method for Dynamic Free
Boundaries’, J. Computational Physics,
Vo.l 39,, pp. 201-225

Kohara, S. and Nakato, M., 1992, “Numerical
Computation on Surface Waves Generated
by a Running Pressure Disturbances’, J.
Society of Naval Architects Japan, Vol. 171,
pp. 41-52.

Lavis, D.R. and Forstell, B.G, 2005, “Air
Cushion Vehicle (ACV) Developments in
the U.S.”, Proc. FAST 2005

Mantle, PJ., 1980, “Air Cushion Craft
Development”, University Pressure of the
Pacific Honolulu, Hawaii

Na, Y.I. and Lee, Y.G, 1996, “Numverical
Anadysis on Fow Fieds and the
Calculation of Wave Making Resistance
about Air Supported Ships’, Trans. Korean
Society  of Computational Fluids
Engineering. Vol. 1, pp. 55-63

Nikseresht, A.H., Alishahi, M.M. and Emdad,
H., 2005, “Modeling Flow around an ACV
Using Volume of Fluid Interface Tracking
with Lagrangian Propagation”, Proc. FAST
2005

Park, S.H. and Yu, B.S., 2004, “Flow Analysis
for Design of Hovercraft Bow Thruster”,
Proc. the Annual Autumn Meeting, Society
of Naval Architects Korea



