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a b s t r a c t

The partial air cushion supported catamaran (PACSCAT) is a novel Surface Effect Ship (SES) and possesses
distinctive resistance performance due to the presence of planing bottom. In this paper, the design of
PACSCAT and air cushion system are described in detail. Model tests were carried out for Froude numbers
ranging from 0.1 to 1.11, the focus is on the influence of air cushion system on resistance characteristics.
Drag-reducing effect of air cushion system was proved by means of contrast tests in cuhionborne and
non-cushionborne mode. Wave-making characteristics reflect that the PACSCAT would eventually enter
planing regime, in which the air could just escape under the seals and the hull body could operate in a
steady state. To acquire different air cushion pressure, air flow rate and leakage height were adjusted
during tests. Experimental results show that the resistance performance in planing regime would
decrease evidently as the increased air flow rate, however, the scheme with medium leakage height
presents the best resistance performance in the hump region.
© 2019 Society of Naval Architects of Korea. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The PACSCAT is a newly developed high performance ship and
possesses excellent resistance performance during navigation. The
main geometry feature of this hull is much similar to that of con-
ventional catamaran, but the sidehull is fat and flat, that is propi-
tious to mount waterjet propulsion system on the hull bottom, and
thus PACSCAT could navigate in shallow water and sit on the shoal.
In the sustention triangle (Shipps, 1976), the PACSCAT is located
between SES and planing craft (shown in Fig. 1) because of the
hydrodynamic lift created on the hull bottom. Compared with the
other SES, the air cushion lift power of PACSCAT is just less than 10%
of total power, while the air cushion created between the sidehulls
could support the hull weight about 25%e50%. These superiorities
bring extensive application prospects for PACSCAT and engage at-
tentions of designers in world wide (Clements et al., 2005).

Taking into consideration of the similar working mechanism
and resistance characteristics, the hull development of PACSCAT
was inspired by SES, of which the hull concept was firstly proposed
by Ford and Morris and further developed by Butler, Lavis and

Spaulding (Ford et al., 1978). After years of development, the hull
form of SES and its hydrodynamic characteristics have been mature
and well-known to designers. Perhaps the only noticeable problem
is the large wave drag suffered at low speeds, which is induced by
the uniform cushion pressure. This issue can be addressed, at least
in part, by introducing a transverse seal which could divide the air
cushion into two sub-cushions. Doctors (1997) has investigated this
approach in previous by model tests, and the subsequent re-
searches were reported in the cooperation work of Doctors et al.
(2005), Day et al. (2010) and Doctors et al. (2010). Steen and
Adriaenssens (2005) also utilized this hull scheme to reduce the
air cushion wave resistance.

While, since hydrodynamic forces are created and act on the
relative wide bottom during high-speed motion, the hull behaviors
of PACSCAT are a consequence of the joint effect of hydrostatic,
hydrodynamic and air cushion lift forces. Both the hull form and air
cushion system have significant effect on the resistance charac-
teristics which is the main focus in PACSCAT design. But so far, the
study of PACSCAT design is scarce, and almost no one has devoted
to the special resistance investigation. Amir et al. (2015) have re-
ported the concept design of PACSCAT, but their tasks are concen-
trated on main engine selection and structural strength analysis.
Molland et al. (2005) developed a theoretical model of cushion to
make performance estimates of powering and wave wash for
PACSCAT. Guo et al. (2015a,b) utilized a numerical method to

* Corresponding author.
E-mail address: linzhuang@hrbeu.edu.cn (Z. Lin).
Peer review under responsibility of Society of Naval Architects of Korea.

Contents lists available at ScienceDirect

International Journal of Naval Architecture and Ocean Engineering

journal homepage: http: / /www.journals .e lsevier .com/
internat ional- journal -of-naval -archi tecture-and-ocean-engineering/

https://doi.org/10.1016/j.ijnaoe.2019.05.004
2092-6782/© 2019 Society of Naval Architects of Korea. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

International Journal of Naval Architecture and Ocean Engineering 12 (2020) 38e47

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:linzhuang@hrbeu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijnaoe.2019.05.004&domain=pdf
www.sciencedirect.com/science/journal/20926782
http://www.journals.elsevier.com/international-journal-of-naval-architecture-and-ocean-engineering/
http://www.journals.elsevier.com/international-journal-of-naval-architecture-and-ocean-engineering/
https://doi.org/10.1016/j.ijnaoe.2019.05.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijnaoe.2019.05.004
https://doi.org/10.1016/j.ijnaoe.2019.05.004


investigate the seakeeping performance of PACSCT, which com-
bines the 2.5D theory for solving hydrodynamics problem with
simplified wave-equation for solving aerodynamic of pressurized
air; their method was further improved to evaluate the waves due
to pulsating pressure of air cushion (Guo et al., 2018a,b); the related
researches were also performed for SES (Guo et al., 2018a,b) and T-
craft (Guo et al., 2015a,b).

In this paper, an experimental investigation of the resistance
characteristics of a PACSCAT designed by Harbin Engineering Uni-
versity is carried out. At first, hull configuration and air cushion
system design are described in detail. Then, a brief introduction of
experimental setup is presented, followed by the results compari-
son of PACSCAT tested in non-cushionborne and cushionborne
mode, resistance, hull behaviors, wave-making characteristics and
air cushion pressure are analyzed for a typical operating condition.
Furthermore, the experimental results of schemes with different air
flow rate and leakage height are reported to investigate the influ-
ence of the two design factors on resistance performance.

2. Geometrical description of PACSCAT model

2.1. Hull geometry

The hull geometry of PACSCAT investigated in this paper is
shown in Fig. 2, a 1:10 scaledmodel is built of solid wood for towing
test, themodel surface has been polished and painted to be smooth.

Table 1 summarized the main dimensions of the experimental
model, in which the air cushion length is the distance between the
lowest point of bow and stern seal, while the air cushion beam is
the largest span between sidehulls. The two sidehulls are the main
underwater structures and provide the most of buoyancy and hy-
drodynamic forces. To land in the shallow water, the inner shell of
sidehull bottom is flat; while, taking account of sea keeping per-
formance, the outer shell is gradually raised until intersecting with
the broadside. A bilge keel is also mounted adjacent to the inside
wall to increase heaving damping in rough water.

2.2. Air cushion system design

As shown in Fig. 3, the air cushion system in model test is
comprised of a centrifugal pump (model: TWYX CX-7.5, output
power: 5.5 KW) mounted on the carriage to generate air flow, a soft
tube to inject air into the hull body, a pressurized chamber above
connection deck in which the air is pressurized and guided to the
air cushion through vent holes, and two flexible seals mounted in
bow and stern region to longitudinally restrict air cushion. The
vertical distance from baseline to the lowest point of stern seal is
named leakage height here, this parameter has evident influence
on the tightness of air cushion system and will be discussed in the
following sections.

Due to the directly contact with water, the flexible seals are
perhaps the most important part in the air cushion system. As
shown in Fig. 4, the bow seal consists of a D type air bag hung on the
connection deck and a row of finger skirts attached on this air bag.
To keep the fixed shape feathers under the complex forces during
navigation, the D type bad is transversely divided into six com-
partments using partition plate, in each compartment an arc plate
is embedded to sustain the partition plate during ventilation. The
finger skirts is mounted under the middle four compartments (two
finger skirts corresponding to one compartment) without any
adhesion measures between each other, therefore water could flow
through them smoothly, the fore incline angle of each finger is 53�

and the aft incline angle is 50�. The stern seals have two V type
bags, the under bag is also divided into four compartments using
partition plate, four vent holes are opened on the interface of the
two bags to ventilate entirely. It should be pointed that all parts of
the seals are made of flexible materials. Therefore, when the cen-
trifugal pump is started, the flexible shell could inflate to the ex-
pected shape. The advantage of this design is that the air bag could
deform along with external water forces and thus the sea keeping
performance is significantly improved in rough water.

During working condition, the air is firstly transported into the
pressurized chamber. Compared with the traditional air transport
form, the pressurized chamber increases the center of gravity of
boat, but it could keep a steady air pressure and flow rate, which

Fig. 1. PACSCAT in sustention triangle.

Fig. 2. Hull geometry of PACSCAT.

Table 1
Main dimensions of the PACSCAT model.

Main feature Symbol Value

Length overall (m) LOA 3
Beam overall (m) BOA 0.7
Average draft in non-cushionborne mode (m) T 0.14
Average draft in cushionborne mode (m) TC 0.1
Deadrise angle (�) b 18
Waterline length in non-cushionborne mode (m) LWL 2.83
Waterline beam in non-cushionborne mode (m) BWL 0.695
Block coefficient CB 0.581
Air cushion length (m) LC 2.6
Air cushion beam (m) BC 0.26
Air cushion height (m) HC 0.22
Displacement (m3) D 0.145
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could make up the pressure loss caused by air escaping from the
sidewall region. After pressuring in the pressurized chamber, part
of the air is expelled to the air cushion directly through the vent
holes distributed aside the connection deck; while the rest is
injected into both bow and stern seals and flows into every
compartment inflating air bag to the designed shape. In this paper,
for the purpose of adapting different water impact conditions, air
bag pressure to air cushion pressure (Pb =Pc) of bow and stern seals
are 1.3 and 1.0, respectively. This is because the bow seals need
sufficient stiffness to avoid unexpected bow-down motion caused

by seal deformation; while, considering water plugging at lower
speeds, the stern seals should be flexible enough to decrease
resistance.

2.3. Experimental setup and test schemes

The PACSCAT model is tested in the towing tank of China Special
Vehicle Research Institute, the dimensions of which are
510m� 6.5m� 6.8m in length, width and depth, respectively.
Fig. 5 shows a sketch of experimental setup, the PACSCAT model is

Fig. 3. Air cushion system.

Fig. 4. Perspective drawing of bow and stern seals.

Fig. 5. Sketch of experimental setup.
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attached to the carriage platform with two degrees of freedom
(heave and pitch), guide rods fixed on the carriage are inserted in
the guide plates mounted on both fore and aft deck. To avoid the
trimmingmoment created by towing force, the towing point on the

broadside is aligned with the center of gravity. In the tests, resis-
tance is measured by a tension sensor (model: BLM-1M, range:
0e2000N) mounted on the carriage, an electric angle sensor
(model: 02111102-000, range: ±60�) mounted on the fore deck and
a cable-extension displacement sensor (model: FWP-1.2, range:
0e1.2m) mounted on the gravity center are used to measure trim
angle and sinkage, respectively. In order to observe the wave evo-
lution under the influence of air cushion, a built-in camera is used
to quantitatively record the inner wave pattern on the reference
grid which has been drawn on the inside wall (shown in Fig. 6). In
addition, to monitor the air cushion pressure, five pressure sensors
(model: XJTU-WINNER, range: 0~1Kpa, reference pressure: 1 atm)
named P1~ P5 are embedded in the connection deck along the
central line, of which the longitudinal distance from transom are
0.77m, 1.11m, 1.46m, 1.8m, and 2.15m. The data acquisition sys-
tem TDEC-PCI20016 (range: ±10 V) is used to collect electrical

Fig. 6. Reference grid on the sidehull.

Table 2
Experiment schemes.

No. Scheme code Air flow rate Q (m3/min) Leakage height HL (mm)

1 No cushion e e

2 A2.5/L30 2.5 30
3 A1.3/L30 1.3 30
4 A2.0/L30 2.0 30
5 A3.0/L30 3.0 30
6 A3.7/L30 3.7 30
7 A2.5/L0 2.5 0
8 A2.5/L60 2.5 60

Fig. 7. Comparisons of non-dimensional resistance, sinkage and trim angle of PACSCAT in cushionborne and non-cushsionborne mode.
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Fig. 8. Internal (left) and external (right) wave pattern of PACSCAT in scheme A2.5/L30.
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signals of all the sensors, the sampling frequency is 50 Hz.
As proposed by Yun and Bliault (2000), the air cushion pressure

can be roughly determined by the equation below

Q ¼ fBCHL
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pc=rair

p

where, Q , BC , HL, PC and rair are the air flow rate, air cushion beam,
leakage height, air cushion pressure, and air density, respectively; f
is an empirical constant whose value is often set to 0.6. For the
presented PACSCAT model, BC is a constant, therefore, the air
cushion pressure is determined by air flow rate and leakage height.
In this paper, the two design factors are adjusted to investigate the
influence of air cushion system design on resistance performance.
Firstly, to test the drag-reducing effect of air cushion system, the
PACSCAT model is tested in non-cushionborne mode with no seals
mounted and a typical cushionborne mode with air flow rate of
2.5m3/min and leakage height of 30mm, respectively. Then the
other experiment schemes are carried out based on series of value
combinations of the two factors. The performed tests are summa-
rized in Table 2, in which scheme 2 is made according the design
point of PACSCAT, scheme 3e6 are carried out to test the influence
of air flow rate, while scheme 7 and 8 are carried out to test the
influence of leakage height. To clearly identify the experiment
condition, a code is given to each scheme according to the air flow
rate (represented by ‘A’) and leakage height (represented by ‘L’), for
instance, the scheme code ‘A2.5/L30’ denotes that the air flow rate
is 2.5m3/min, while the leakage height is 30mm. It should be
pointed that in the cushionborne schemes the hull has been
ventilated before starting the carriage and the air input is kept in a

constant value during towing.

3. Results analysis

3.1. Resistance and hull behaviors

In this paper, to directly illustrate the hull behavior variations
under air-cushion effect, the sinkage is defined by the vertical
distance from gravity center to still water level and normalized by
the static draft in non-cushionborne mode. As shown is Fig. 7, the
non-dimensional resistance (R =D), sinkage/T and trim angle in
non-cushionborne mode and cushionborne mode (scheme A2.5/
L30) are compared and plotted as functions of Froude number
(defined as Fr ¼ Uffiffiffiffiffiffiffiffi

gLWL

p , where U is the towing velocity, g is the ac-

celeration of gravity). It can be seen that, benefiting from the air-
cushion effect, more hull body is lifted out of water, the average
sinkage of scheme A2.5/L30 increases about 0.28 T at the tested
speeds. That brings a significant improvement on resistance per-
formance when Froude number is above 0.37, the maximum
resistance reduction is 58.5% (at Fr¼ 0.66), and the average resis-
tance reduction is 29.8%.

In terms of PACSCAT in cushionborne mode, the hull behavior
and resistance characteristics are much similar to that of planing
hull. The resistance curve shows an evident hump at the Froude
numbers between 0.46 and 0.66, while the trim curve peaks for
Froude numbers ranging from 0.59 to 0.83. Since hull ventilation
goes throughout the whole towing process, the air cushion lift can
be considered as an inertia force which could alleviate the hull
weight, and thus the vertical motion of the hull body can be
ascribed to the hydrodynamic forces created during forward mo-
tion. According to this, before the Froude number at which mini-
mum heave occurs (Fr¼ 0.46), the PACSCAT operates in the
displacement regime. After that the hull enters the so-called semi-
planing regime, gravity center rises and recovers to the original
height (0.68 T) as the Froude number increasing from 0.46 to 0.66;
in this regime, the trim angle increase sharply since the hull body is
climbing its own bow wave, and the resistance curve peaks due to
the increasing wave-making drag. As the speed is increased, the
gravity center goes above the original position meanwhile the
resistance has got across the hump region, the PACSCAT can be
considered to be planning; in this regime, the resistance and
sinkage keep increasing, and the trim angle would decrease slowly.

3.2. Wave pattern analysis

To illustrate the resistance characteristics and hull behaviors of
PACSCAT, wave evolution during towering test is presented in Fig. 8

Fig. 9. Monitored air cushion pressure.

Fig. 10. Influence of air leakage on resistance in semi-planing and planing regime.

J. Yang et al. / International Journal of Naval Architecture and Ocean Engineering 12 (2020) 38e47 43



for scheme A2.5/L30, it can be seen from the external waves that, at
lower speeds, when the hull operates at displacement mode,
several waves are dispersed in the range of hull length, and thus the
average-distributed hydrostatic forces could stabilize the hull body.
As the speed is increased, the wave length is enlarged and the bow
wave become evident, that could increase the hydrodynamic forces
on the fore bottom and thus the bow is gradually lifted out of water
after the Froude number of 0.37. In hump region, the resistance
increment is mostly due to the continuously trimming hull body,

the bow waves created by the submerged bow skirt would also
make a negative effect on the resistance performance. When the
bow skirt comes out from water, its water-plugging effect disap-
pears and the total resistance would decrease. Because of this, the
resistance curve peaks at Fr¼ 0.52. With further increase of speed,
the hull body keeps rising making the bow waves gradually move
astern. This state continues in the whole planing regime, and thus
the trim angle varies slowly at high speed.

While, what makes PACSCAT different from the conventional

Fig. 11. Comparisons of non-dimensional resistance, sinkage, trim angle and air cushion pressure of schemes with different air flow rate.
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planning hull is the central air cushion, which not only creates air
cushion lift but also extrudes the waves between sidehulls. Fig. 8
also presents the comparisons of wave cuts in inner and outer re-
gion. It can be found that under the extrusion effect of air cushion
the inner wave height is evidently depressed; especially between
the Froude number of 0.37 and 0.59, the wave trough is extruded
out of the hull baseline and the air could escape through the gap
between wave surface and hull bottom. This phenomenon can also

be observed from the external waves (where the red arrow is
pointing), the leakage region moves astern as the increased speed
and eventually disappears at the end of semi-planing regime. After
that the hull is entirely planing on bow waves, as the decrease of
submerged hull body, the wave generating is weakened evidently
and both the inner and outer wave form become flat. Benefiting
from the lower inner draft, the wetted area of PACSCAT is signifi-
cantly decreased and hence the resistance performance is further

Fig. 12. Comparisons of non-dimensional resistance, sinkage, trim angle and air cushion pressure of schemes with different leakage height.
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improved.

3.3. Air cushion pressure

Fig. 9 shows the pressure value at the aforementioned monitor
points of scheme A2.5/L30, in terms of the distribution features, the
air cushion pressure maintains a similar level in quite a long range
since the pressure value of P2~P5 are very close at most speeds, but
at the stern region, the pressure of P1 decreases evidently due to
the air leakage under the stern seal. While, for the pressure varia-
tion along with speed, the monitor points show a similar trend
which is just corresponding to the change of sailing regime. In the
displacement regime, all the curves drop and get the minimum
value at the Froude number of 0.37, this is mainly caused by the
depression of wave surface which would create a passageway for
air to transversely escape under the sidehull. While, at the semi-
planing regime, the hull body trims evidently and closely climbs
on the bow wave, that would weaken the air escape and the air
cushion pressure recovers increase.

It is interesting that the pressure curve peaks at the Froude
number of 0.66, the speed at which the PACSCAT model just enters
planing regime and gets across the resistance hump. After that,
since both bow and stern seals gradually leave away from water
surface, the air cushion system would, in some degree, lose
airtightness to the air flow between sidehulls, and thus the air
cushion pressure drops rapidly. However, for Froude numbers
above 0.83, the hull behavior changes slowly as the speed
increasing, that means the air leakage rate could remain in a rela-
tively steady state and, accordingly, the variation of air cushion
pressure is no longer obvious.

It should be pointed that, in the semi-planing regime, the in-
ternal wave surface still has a tendency to restore its original shape
when it is forced to deform under the air-cushion effect. Therefore,
the transverse air passage on the hull bottom is unstable and the air
couldn't escape uninterruptedly. Actually, during the tests, the
observed air leakage at hull side region exhibits periodic features,
which would lead to oscillation of air cushion pressure and lift. In
this condition, the hull body can't keep a constant attitude, and the
resistance would also oscillate. To present the oscillating degree, a
table reporting the resistance standard deviations of all test
schemes is shown in the appendix. Fig. 10 shows the monitor his-
tory of resistance at different speeds, for the Froude numbers of
0.52 and 0.59, the monitored resistance oscillates in a wide range.

While, for the Froude numbers of 0.66 and 0.74, the speeds at which
air only escapes under the stern and bow seals, the oscillation
amplitude is decreased significantly, indicating that the air leakage
is sustaining and stable and the hull body could keep equilibrium at
such speeds. That is to say the appropriate leakage method for
PACSCAT to stabilize sailing is to expel air under the flexible seals,
this can be achieved when the hull has entered planing regime and
the internal wave pattern has evolved to be flat.

3.4. Influence of air cushion pressure

The air cushion pressure has direct relation with the wave-
making resistance of PACSCAT, to investigate this the air flow rate
is changed to acquire different pressure value in the model tests.
Fig. 11 shows the comparisons of resistance, trim angle, sinkage and
midship air cushion pressure, the pressure distributions represented
by the monitored pressure value versus pressure sensor location are
also presented for two typical velocities (Fr¼ 0.37 and 0.74, the
speeds before and during planing) to illustrate the divergence on lift
and trimmingmoment created by air cushion. It can be seen that the
influence of air flow rate become evident when the Froude number
is above 0.66, the speed at which the hull has just got across the
resistance hump. A clear dependence can be observed in this speed
range, as the air flow rate increases the resistance performance is
evidently improved. Compared with scheme A1.3/L30 (possesses
the minimum air flow rate), the total drag of scheme A3.7/L30
(possesses the maximum air flow rate) is reduced by 21.6% at the
highest Froude number. In terms of the difference on hull behaviors,
the trim angle of different schemes are very close at the tested
speeds, it is mainly because that the pressure on the connection
deck has similar distribution tendency in longitudinal direction and
the trimming moment created by air cushion lift would not change
much (shown in Fig. 11e and f); while, since air cushion pressure is
directly affected by air flow rate, the air cushion could create more
lift forces when the air flow rate is increased and hence more hull
body is lifted out of water; this correlationship is also represented in
the planing regime but not obvious in the previous stage because of
the air leakage under the sidehulls.

As above, modifying the leakage height could change the air
leakage rate and control the air cushion pressure. In Fig. 12a,
resistance of cases with different leakage height are compared, it
can be seen that, the influence of leakage height is mainly reflected
in the hump region (for Froude numbers ranging from 0.46 to 0.74),

Appendix A. Average value and standard deviation of resistance

Table 1A
Average value (R) and standard deviation (s) of resistance.

Fr Test scheme

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8

No cushion A2.5/L30 A1.3/L30 A2.0/L30 A3.0/L30 A3.7/L30 A2.5/L0 A2.5/L60

R(N) s(N) R(N) s(N) R(N) s(N) R(N) s(N) R(N) s(N) R(N) s(N) R(N) s(N) R(N) s(N)

0.09 5.40 0.33 3.43 0.85 2.35 0.63 2.75 1.73 2.94 1.63 4.81 1.45 3.34 1.13 2.65 1.37
0.18 22.46 0.71 17.66 1.38 15.79 1.21 17.76 1.74 16.48 1.30 17.66 1.78 18.15 1.64 16.38 1.99
0.28 53.86 2.60 45.03 2.78 44.24 2.51 45.32 3.83 42.77 3.24 44.44 2.84 47.19 4.61 46.30 2.96
0.37 111.83 3.65 104.18 4.69 103.50 6.49 108.01 7.57 102.22 5.68 103.10 7.55 106.05 6.36 106.14 6.68
0.46 185.61 2.84 148.92 10.12 151.17 8.84 150.39 10.49 149.99 9.45 151.27 13.48 155.78 10.19 158.73 13.95
0.52 253.08 2.77 162.85 12.05 161.87 8.05 162.36 7.97 166.18 13.26 185.21 15.88 168.54 20.14 195.12 16.48
0.59 294.20 4.00 158.14 12.60 158.73 9.77 158.53 10.64 155.39 13.92 193.16 20.52 175.99 15.68 192.18 23.74
0.66 327.07 3.40 135.87 4.78 158.53 2.58 144.40 7.16 131.75 9.71 147.84 14.20 171.28 7.33 181.68 5.84
0.74 368.07 1.44 160.10 1.69 176.97 1.31 165.20 1.83 150.39 1.51 149.31 2.93 173.93 1.45 156.27 0.85
0.83 253.20 1.10 179.13 1.20 200.12 1.39 183.64 1.22 171.97 1.17 166.18 7.08 184.23 2.50 177.56 1.24
0.92 261.73 2.41 199.14 3.57 223.47 3.35 204.83 1.92 190.90 1.61 184.53 3.19 208.36 3.81 190.90 3.35
1.01 277.03 2.38 221.02 2.50 257.41 2.53 230.04 2.64 211.01 2.38 202.38 2.53 224.65 4.45 218.08 3.97
1.11 295.08 2.79 243.29 2.10 289.59 3.17 254.86 2.50 233.87 3.25 226.91 4.79 249.08 2.64 239.36 3.11
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which appears earlier than that of adjusting air flow rate but
become not obvious in planing regime. The scheme with medium
leakage height shows the best resistance performance in this speed
range, while enlarging or narrowing leakage height would aver-
agely increase the hump drag by 10.8% and 15.8%, respectively. For
the hull behaviors (shown in Fig. 12b and c), even narrowing
leakage height could increase the air cushion pressure (shown in
Fig. 12d,e, and f), it has no evident influence on both trim angle and
sinkage; however enlarging leakage height could increase the trim
angle before entering planing regime.

4. Conclusions

In this paper, the unique geometric features of PACSCAT and air
cushion design in the model test were taken as the starting point to
analyze the resistance characteristics of this hull form. The contrast
tests of models in cuhionborne and non-cushionborne mode prove
that the design of air cushion system is successful, the improve-
ment of resistance performance is mainly caused by the air cushion
lift acted on the connection deck, which has lifted the hull body
about 0.25T in the static state. The air cushion pressure increases up
to the value of Froude number for which the hull has just entered
the planing regime. Before this, the air intermittently escapes from
the sidehull bottom, making the hull body shake; while, when
PACSCAT is planing, the air could continuously escape under the
flexible seals, and thus the hull body could remain stable during
forward motion.

The incremental researches on air flow rate and leakage height
show that increasing air flow rate could significantly decrease
resistance in planing regime, while the influence of leakage height
mainly presented in the hump region. However, since the air es-
capes under the sidehulls, the air cushion pressure seems has no
evident effect on the resistance when Froude number is below 0.46.
Therefore, it can be concluded that the PACSCAT is suitable for
navigation in planing regime, and adjusting input air flow rate
could be an efficient method to reduce power output of the main
engine, but the balance between increased fan power and
decreased engine power is still a noticeable problems in the process
of operation and should be further investigated.
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