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ABSTRACT

A simulation of a two-dimensional hovercraft is
made using a numerical model based on a
Navier-Stokes description of water motion,
which allows for non-linear behaviour. This is
combined with the equations governing heave
motion of a hovercratt to obtain cavity pressure
oscillations. Results arc compared with
previous calculations by the author using the
linear Lamb oscillation model, based on the
dimensions of a small experimental hovercratt.
lnstability onset is correctly predicted by the
simulation. The modulation of the Iip air flow by
the water motion is shown to have a
destabilizing influence at low cavity pressures.
While this approach shows promise, it requires
a large capacity compute[ which rules out the
solution of three-dimensional cases at thistime.

nEsunltE

Une simulation du comportement d'un a6ro-
glisseur au-dessus de I'eau est faite d l'aide
d'un moddle num6rique appliqu6 d un v6hicule
a deux dimensions. Le moddle num6rique
s'inspire des 6quations de Navier-Stokes,
permettant de traiter des cas non lin6aires,
auxquelles sont ajout6es les 6quations
d6crivant le pilonnement d'un a6roglisseur.
Les r6sultats sont compar6s d ceux obtenus
pr6c6demment par !'auteur en utilisant Ie
moddle lin6aire oscillatoire de Lamb, bas6 sur
les dimensions d'un petit a6roglisseur exp6ri-
mental. Le d6but de l'instabilit6 a 6t6
correctement calcut6 par le moddle. De plus, il a
6t6 d6montr5 que la modulation du d6bit d'air
sous le rebord de la jupe, caus6e par le
mouvement de I'eau, r6sulte en un etfet d6stabi-
lisateur aux basses pressions dans la cavit6 du
coussin. Cette m6thode num6rique semble
prometteuse, cependant le temps de calcul
n6cessaire, plusieurs heures sur un VAX, rend
improbable son extension d des cas d trois
dimensions.
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BACKGROUND

When a hovercraft is undergoing heave motion over

water, its motion generates a pressure oscillation within
its air cavity which in turn generates waves in the water

surface. These waves modulate the volume of the cavity
directly beneath the craft and the air flow directly
beneath the skirt at the cavity 1ip. These in turn can

modify the stability of the craft itself, mainly through

an influence on the phasing of the craft motion with
respect to cavity pressure. Hinchey and sullivan t 1 l

showed for 2D craft that the modulation of the cavity
volume by the waves usually improves stability whereas the

modulation of the leakage flow at the lip can have a large

destabili z:.ng infl-uence at low cavity pressure or craft
weight. They based their work on a potential flow water

compliance model deveLoped by Lamb lz). Be1ow, a different
water compliance model is developed. rt is basically a

numerical simulation based on a Navier-Stokes description
of the water motion. It all-ows one to consider nonl inear
phenomena, something ignored in the previous work. rt is
used herein as a check on the earlier work.

MUN: Memorial University of Newf ound1and
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OUTLINE OF STMULATTON

A 2D hydrodynamics code, developed at the Lcs Alamos

Scientific Laboratory [ 3 ] , is used to track the water

motj-on. The equations governing the motion are:

MOMENTUM EQNS

du + u 6u + v du : I pP + v IqlL + _a"ll
at 0x ay p 0x axz ay',

dv + u dv + v dv: 1 4 g + "l+ + e;
at 0x Ay p Ay 0x' Ay"

CONTINUITY EQN

l- 9p+du+Av_O
pcz at ox ay

voLUME OF FLUrD EaN

AF AF AF
ei+ufr+viiy:0

where x and y are spatial co-ordinates, t is time, ll and

v are velocitiesr p is pressure, F is a volume of fluid

(voF) function r p is the density of water , v is its

viscosity I c is the speed of sound in water and g is the

acceleration due to gravity. The computational domain is

shown in Fig. 1: the location of the hovercraft is denoted

by a heavy line in the upper left hand corner of the bottom

sketch. The momentum equations are used to update the

velocities u and v step by step in time throughout the
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domain. The continuity or conservation of mass eguation
alLows one to update the pressure p and make corrections
to u and v. The VoF equation allows one to track the water
surface: F is equal to unity within the water and zero

outside. The cavity pressure is applied directly to the
water surface in the simur-ation [ 3 ] . rt is taken to be

uniform within the cavity region and undergo a Iinear falI-
off to atmospheric pressure at the lip. The latter can be

abrupt or gradual: in other words, it can happen over a

single or several computational ce1ls.
eguation is put into the form:

Each governing

AA D
}1E'

Each is then integrated numerically across a time step At
to obtain updated values of A:

The equations governing the heave motion of the craft
are [1]:

NETWON'S SECOND I,AW

(t + At) _ A(t)
where the various derivatives in
finite difference approximations.

be found in [3].

mdzz_ps
dt2

CONSERVATTON

cp *i : ei,,

+ ^r B(r)

B are discretized using

The details of this can
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Qo,rt
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where m is the supported mass I Z indicates its position

vertically from a rest state I P is the cavity pressure, S

is the support area, Q is a volumetric flow, D is a flow

area, V is the cavity volume, C, is the cavity capacitance,

Cd is a discharge coefficient and o is the density of air.

The motion of the water surface modulates V and D for the

leakage flow. The craft equations are integrated

numerically using a predictor-corrector procedure. At its
Iowest level, this is the same as the second-order Runge

Kutta scheme. It is the highest order procedure consistent

with the simulation of the r^rater motion.

WATER SURFACE PROFILES AND STABILITY

HEX-5 was one of a number of small research craft
developed by Fowler and his colleagues at NRC during the

Iate seventies and early eighties. fts beam was 2.5 m and

its cushion was O.2 m deep. Hinchey and SuIIivan analyzed

the over water heave stability of a 2D section of HEX-5

using the water compliance model taken from Lamb 12). They

also used the water compliance model to study the water

surface profiles generated when the cavity pressure was

allowed to undergo a sinusoidal oscillation. Fig. 2 shows

typical profiles generated for HEX-5: IN indicates a

component in phase with pressure while OUT indicates a
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component 9 O" out of phase. Fig. 3 shows profiles

generated by the simulation: HOLE indicates the depth of

a trough directly beneath the craft created by a

hydrostatic pressure and AITIP is the amplitude of the cavity

pressure oscillation about the hydrostatic level.

Comparison with Fig. 2 shows that there is reasonable

agreement. The duration of the simulation was typically

around 10 seconds and the profiles given are for the last

second of this. By this time, start up transients were no

Ionger present. During the simulation, the water was

discretized typically by 20 horizontal grid Iines and 25O

vertical lines: about 20 of the vertical lines were in the

cavity region. This was considered to be adequate for the

wave lengths generated. The grid was uniform,throughout

except for the far riiynt hand side where it was allowed to

expand horizontally so that reflected waves from a vertical

waII there did not have a chance to form. For the profiles

given, the drop-off in pressure at the lip occurred across

the 4 vertical lines just outside the cavity. Finally, the

water depth used in simulation was 2 m. For the frequency

tested, this is basically deep water.

The simulation work to date on heave stability has

been very exploratory in nature and much more needs to be

done to verify and extend the predictions. For example,

craft disturbances used to start the simulation have so far

been kept smaI1, in an attempt to avoid nonlinear

phenomena. Also, in early runs, the hydrostatic trough due
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to craft weight was found to create very complex water

flows near the Iip and very erratic and perhaps unrealistic

craft behavior. So, it has since not been allowed to form.

Note that this makes the simulation more consistent with

the earlier work which also ignored the trough. Finally,

even with the above restrictions, runs are often

computationally very expensive, sometimes taking several

hours of VAX CPU time to complete, even with coarse grids

and short duration times. This is a very serious drawback

of the simulation. It effectively rules out 3D

computations at this time.

Fig. 4 shows simulation traces for a case where the

rest gap was 4.5 mm and the water motion was not alLowed

to influence craft heave motion so that the craft operated

as if it were over land. Routh Hurwitz calculations for

this case indicate that instability would occur if the

cavity pressure was increased beyond 7 o cm HzO. The

simulation traces are in agreement with this. To some

extent, this proves that the predictor-corrector scheme

adopted is adequate. The earl ier urork on stabil ity

suggested that volume modulation due to waves would improve

stability at 70 cm HzO. Fig. 5 shows a preliminary trace

from the simulation which shows this improvement in

stability. Note that the frequency of the oscillation is

basically unchanged by volume modulation. This is as

predicted by the earlier work. The trace shown is not

overly sensitive to things such as the spatial or temporal
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grid size used by the simulation or the details of the

pressure variation (gradual/abrupt) near the 1ip. So, the

improvement in stability is genuine. The earlier work also

suggested that leakage flow modulation due to waves can

degrade stabil ity at Lor^r cavity pressures and make the

craft undergo many stability transitions. For example, for

the present geometry, it predicted a transition near 30 cm

Hzo. Fig. 6 shows preliminary traces from the simulation

which show such a transition. However, these traces are

very sensitive to things such as the pressure variation

near the lip: so more work needs to be done to confirm the

trend. Note in each trace that the frequency of the

oscillation is much Iower than that of the overland traces.

This is as predicted by the earl-ier work. The simulation

is now being used to explore nonlinear phenomena.
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GAP : 4.5 mm z_:cAP / 100

Fig. 4 HEX-5 Overland Simulation Traces.
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70 cm HrO

I
Fig. 5 HEX-5 ovemater Simulation: Cavity Volume Trace.

z

25 cm HrO

GAP - 4.5 mm
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Fig. 6 HEX-5 Overrrater Simulation: Leakage FIow Traees.
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