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Abstract: [Objectives] Stern flaps have a significant impact on the water performance of high-speed amphibious
platforms. This paper discusses the influence of stern flaps on the motion and hydrodynamic characteristics of a high-
speed amphibious platform in a sliding state. [Method] Using the SST k- w turbulence model and overset grid
technology, the CFD numerical simulations of an amphibious platform's high-speed navigation under static water
conditions are performed, and the motion response and stability of the platform with different stern flaps are
analyzed. Considering the influence of the velocity, center of gravity, and angle of the stern flaps on the longitudinal
motion of the platform, support vector machines (SVMs) are adopted to classify and recognize the boundary of its
motion stability. [Results] The results show that the stern flaps reduce the sailing trim angle by changing the pressure
distribution on the underside of the platform, and the larger the rotation angle of the stern flaps, the more significant
the influence on motion stability; when the position of the center of gravity is the same, the maximum speed of the

platform in a stable state is increased. [Conclusion] The application of stern flaps and the improvement of motion

igh-
hip-

stability are of great significance for the development of high-speed amphibious platforms.
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0 Introduction

As an efficient means of land and water transpor-
tation, an amphibious platform can undertake multi-
ple tasks such as field reconnaissance, material
transportation, water patrol, and beach landing,
which is developing toward high-speed and super
high-speed in terms of performance . For better
water performance of amphibious platforms, Yu et
al. 4 optimized the outline from the perspective of
factors including the sliding way angle and wheel
lifting and factored in the influence of navigation
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environment on platform performance. This effort
provides a reliable basis for the improvement in per-
formance under various navigation conditions.
However, most of the objects are medium- and low-
speed displacement platforms, with no regard given
to high-speed platforms. Ling et al. 5% studied the
motion of high-speed planing craft. According to
the results, the craft would see the "porpoising" ef-
fect at high speed, and its heave, trim angle, and re-
sponse frequency would also increase with the rise
in navigational velocity, which means a significant
impact on the navigation stability. Compared with
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high-speed craft, an amphibious platform reports a
smaller length-breadth ratio. In addition to the re-
search on shape-based drag reduction, its naviga-
tion attitude and stability at high speed cannot be ig-
nored still more.

As a common efficiency increase device for plan-
ing craft and other high-performance ships, append-
age devices such as stern flaps and interceptors can
reduce the pitch and heave amplitude, which shows
that appropriate installation can improve the naviga-
tion attitude of ships 7). Meanwhile, relevant stud-
ies have also suggested that wing plate-assisted de-
vices can significantly improve the navigation per-
formance and attitude of amphibious platforms at
medium- and low-speed stages 1%, As the research
on stern flaps rarely involves high-speed amphibi-
ous platforms, it is necessary to analyze the hydro-
dynamic characteristics of amphibious platforms
during high-speed navigation in combination with
stern flaps.

In recent years, the development of computation-
al fluid dynamics (CFD) numerical simulation has
provided good technical support for research on the
performance of ships and water platforms [!'-12], Tak-
ing an amphibious platform as the research object,
this paper will deal with the influence of stern flaps
on it during high-speed navigation. First, we adopt
the numerical method of CFD for simulations and
computation of the platform under high-speed navi-
gation, analyze the hydrodynamic action mecha-
nism of the stern flaps, and then study the character-
istics of their influence on the longitudinal motion
attitude of the platform, i.e., influencing characteris-
tics of dynamic response. On the basis of the com-
puted results and the classification method of the
support vector machine (SVM), we attempt to iden-
tify the motion stability boundary of the platform
under different working conditions, so as to provide
a reference for the performance improvement in the

high-speed amphibious platform.

1 Numerical method and verification

1.1 Numerical computation method

In the Cartesian coordinate system, the governing
equations of continuity and momentum conserva-
tion for the incompressible fluid flowing around the
platform are presented as follows:
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where u; and u; are the time average velocity com-
ponents in the direction of x; and x;, respectively,
andi,j=1,2,3;4 and u; are the fluctuation veloc-
ity components in the two directions, respectively;
p stands for the fluid density of the object; ¢ is time;

P is the time average pressure of fluid; u is the dy-

namic viscosity coefficient; pu/it; is the Reynolds
stress term; S; is the generalized source term of the
momentum equation.

We adopt the finite volume method (FVM) to dis-
cretize the governing equations of flow, with the
non-intersecting control units formed through grid
division and the mass and momentum conservation
of the whole field decomposed into finite integrals
on each control unit"3), The convection term adopts
the quadratic upstream interpolation for convective
kinetics (QUICK) scheme, and the discretization of
the diffusion term wuses the central difference
scheme, with the SIMPLE separation algorithm for
solutions.

We introduce the two-equation turbulence model,
the shear stress transfer (SST) k-& model, to make
the governing equations closed and solvable. This
model uses a mixed function, with the k- and k-¢
models adopted within and outside the boundary
layer, respectively, and the governing equations con-
tain the cross-diffusion term away from the wall.

We use the volume of fluid (VOF) method based
on Euler multiphase flow to capture the free sur-
face. In other words, when a unit is filled with lig-
uid-phase fluid, its volume fraction C;=1, and when
a unit is filled with gas-phase fluid, C,=0, with the
approximate position of the free surface determined
by the calculation of the volume fraction of liquid-
phase fluid in each unit ¥, Its continuity equation

is expressed by
oC, 0C,

+u— =
ot 0x;
We divide the computational domain into the

0 (3)

background domain and overset domain, where the
former remains static, and the latter reports the mo-
tion of the ship. The separate generation of the grids
in the two domains helps avoid the deformation of
the grids in the whole computational domain with
the motion of the ship. We keep the grid dimension
at the junction of the two domains at the same level
to reduce the numerical error and carry out the in-
formation transmission between the two sets of
grids through linear interpolation. The longitudinal
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motion of the hull involves two degrees of freedom
(2DOF), including pitch and heave. According to
the center-of-mass motion and the theorem of the
moment of momentum around the center of mass,

its motion equations are written as

&’z

F.=m d[zg (4)
d?o

M, =1, ' (5)

where F, and M, are the vertical force and longitudi-
nal moment acting on the hull, respectively, which
are solved via integration; m is the mass of the am-
phibious platform; Z,is the vertical displacement of
the center of gravity of the hull; & is the pitch angle
of the hull; I, is the moment of inertia of the hull
around the longitudinal axis.

1.2 Numerical computation verification

To ensure the reliability of numerical computa-
tion, we verify the numerical computation method
with the test results of the generic prismatic plan-
ning hull (GPPH) and compare the computed re-
sults with the data in the test and References [15-16].
Fig. 1 shows the outline of GPPH, and Table 1 lists
the principal dimensions and relevant parameters of
the craft.

Fig. 1 Outline of GPPH planing craft
Table 1 Parameters of GPPH planing craft

Paramter Value

Craft length L, /m 2.410

Craft breadth B, /m 0.630
Mass m, /kg 101.250

Distance between center of gravity and stern x; /im 0.844

Height from center of gravity to baseline z, /m 0.138
Longitudinal moment of inertia /,,, (kg m?) 20.940

Draft under static floating I, /m 0.148

The grid division structure of the overset domain
and the background domain is shown in Fig. 2, in
which the size of the former is 5L, x 2L, x 2L,, and
that of the latter is 1.5L, x 0.4L, x 0.4L,. We appro-
priately encrypt the peripheral area of the overset
grids to ensure a scientific transition between the
grids in the two domains while refining accordingly
the grids of the waterline surface and the Kelvin
wave area at the stern. According to the computa-

tion experience of ship CFD, we set the grid size of
the hull surface as 8 %o of the craft length, the y+
value of the wall as 50, the number of boundary lay-
ers on the surface as 6, and the growth rate as 1.3.

Velocity inlet

Pressure outlet

Symmetrical plan

Overset grid

Fig. 2 Grid and boundary setting

According to the position and direction of the in-
coming flow, the upper, lower, and front boundaries
of the hull are set as velocity inlets, and the bound-
ary pressure at the stern is set as the outlet bound-
ary. The left and right boundaries are taken as the
symmetrical planes according to the symmetry of
motion calculation, with VOF wave damping ap-
plied in the pressure outlet area to weaken the back-
flow effect due to numerical reflection at the outlet.

Given the results of the numerical computation
of GPPH presented in Fig. 3, it is found that the re-
sults of the trim angle and wetted length of the keel
line share the same variation characteristics as those
in the test and Reference [16], and the error is rela-
tively small. In other words, the numerical simula-
tion of the ship under high-speed navigation by the
above numerical computation method can lead to

more accurate motion response results.

—=— Test value
—e— Calculated value
—=— Reference[16]

Trim angle/(°)
=
o

4.0 +
3.2+
5.6 6.4 7.2 8.0 8.8
Velocity/(m-s™")
(a) Trim angle
1.76
—u— Test value
L72}  —e— Calculated value
g —a— Reference[16]
£ 168 |
=
3 /
g 1.64
]
= 1.60
1.56

5.6 6.4 7.2 8.0 8.8
Velocity/(m-s™")
(b) Wetted length

Fig. 3 “Verification results of the numerical method
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2 Analysis of high-speed motion of
the amphibious platform

The high-speed planing amphibious platform, the
research object of this study, has a volume Froude
number of Fry = 3.0 at a high speed of v=20-25 kn.
As the navigation state is similar to that of high-
speed craft, we continue to use the above numerical
method adopted for GPPH to carry out the numeri-
cal computation of the real-scale platform in high-
speed motion, with the size of the computational do-
main and the grid dimension determined on the ba-
sis of the total length L of the amphibious platform.
Table 2 presents the information on the principal di-
mensions of the platform, and Fig. 4 demonstrates
the outline of the platform and the structural dia-
gram of the stern flaps, in which the stern flaps are
distributed on both sides of the longitudinal section
in the center plane of the platform, with its rotation
angle represented by a (unit: (°)).

Table 2 Parameters of the amphibious platform

Paramter Value

Total length L/m 6.00

Waterline length Ly /m 5.69

Molded breadth B/m 2.36

Draft D/m 0.42

Displacement 4/t 3.20

Height from center of gravity to bottom plate z, /m 0.30
Stern flap length /m 0.15

Stern flap breadth /m 0.34

A= S 0

Fig.4 Outline of the amphibious platform and stern flaps

With the above numerical method, we analyze
the surface grid sensitivity of the amphibious plat-
form. In the calculation, the platform surface will
be divided into fine, medium, and coarse grids of
14, 20, and 28 mm, the dimensions of which are
0.23%, 0.33%, and 0.46% of the total length of the
platform, respectively. By the grid refinement meth-
od in the computational domain, the number of
grids for the three schemes is 1.15x107, 5.03 x 106,
and 2.33 x 10°, respectively.

As this study focuses on the analysis of the influ-
ence of the stern flaps on the longitudinal motion of

the amphibious platform, we select the stern flaps
with an angle of o = 8° and 23° for verification,
with a verification speed of 22 kn. Table 3 presents
the results of the navigation attitude of the platform
calculated in the presence of the three types of grids
separately. It is indicated that the difference be-
tween the results of the trim angle and the heave is
small at different grid levels, and the difference be-
tween the platform attitudes decreases with the
gradual refinement of the grid dimension, showing
a trend of convergence. Upon overall consideration
of the calculation efficiency and accuracy, we con-
firm that the size of the grids on the platform sur-
face is 20 mm, and the refined size of the grids on
the stern flap surface is 5 mm. As the flow field is
symmetrical about the longitudinal section in the
center plane of the platform, the numerical compu-
tation with a half-side flow field is performed, with
the grid division at the stern flaps shown in Fig. 5.

Table 3 Results of grid sensitivity

Size of surface =8 @=23°
grid/mm ar}:grlien/l(") Heave/m ar;rgrlig/l(") Heave/m
14 4.36 0.318 1.66 0.254
20 4.23 0.316 1.55 0.256
28 3.89 0.319 1.54 0.256

Fig. 5 Grid division of stern flap

2.1 Hydrodynamic performance analysis
of stern flaps

2.1.1
To make a qualitative analysis of the influence of

Influence on longitudinal motion

stern flaps on the hydrodynamic performance of a
high-speed amphibious platform, we calculate the
motion characteristics of the platform under the ac-
tion of stern flaps at different rotation angles. Table 4
shows the corresponding results of the trim angle
and relative heave at v = 22 kn, with the center of
gravity 0.43L from the stern plate in the longitudi-
nal direction.

According to Table 4, the trim angle of the plat-
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Table 4 Results of longitudinal motion at a speed of 22 kn

a@/(®) Trim angle/{°) Heave/m
No stern flap 4.61 0.34
2 4.50 0.33
8 4.23 0.31
15 2.95 0.28
23 1.55 0.26

form decreases with the increase in the rotation an-
gle a of the stern flaps—a larger o is accompanied
by a more significant reduction in the trim angle. In
the meanwhile, the overall heave of the platform al-
so declines as « rises. This may be explained by the
fact that as the stern flaps acts on the stern, this has
a relatively significant influence on the trim angle
but has no remarkable vertical lifting effect on the
whole platform; on the contrary, the heave also de-

creases due to the reduction in the trim angle.

2.1.2 Influence on wave-current field and pres-
sure field

To study the influence of stern flaps on the wave-
form in the wake field of the platform, we analyze
the waveforms at different longitudinal sections un-
der different a. With the distances from the selected
longitudinal sections to the longitudinal sections in
the center plane being ¥ = 0, 0.55, 1.0, and 1.75 m,
the stern flaps are placed at the stern of the plat-
form, 0.55 m away from the longitudinal section in
the center plane. Fig. 6 presents the waveform re-

—a=2° e a=l5e

°

- 0=23

Wave height/m

Wave height/m

3 8 13 18 23 28
X/m
©)Y=10m

sults at each section, where X stands for the coordi-
nate of the longitudinal position.

It is indicated from Fig. 6 that the stern flaps
have an insignificant influence on the far-field
waveform. Under the action of the stern flaps at dif-
ferent rotation angles, the far-field waveform is gen-
erally the same, with the main range of action close
to the stern flaps, a radius of about 6-12 m. With
the increase in «, the waveform at ¥ = 0.55 m de-
creases significantly behind the stern flaps, with its
"false tail" length largely the same; while on both
sides of the stern flaps, the waveforms at the posi-
tions of Y= 0 m and Y = 1.0 m rise significantly due
to the extrusion of the stern flaps. Outside the
breadth of the platform, i.e., at the position of ¥ =
1.75 m, the peak elevation and trough depth de-
crease with the increase in o, which suggests some
effect of the stern flaps on the improvement of the
wave-current field at a high speed.

The stern flaps do not only influence the wave-
current field but also act on the pressure distribution
at the bottom of the platform more significantly to
result in the induced lift. Fig. 7 shows the compari-
son of pressure distributions at the bottom of the
platform under different a. It is indicated that the
presence of the stern flaps leads to an obvious area
of relatively high pressure at the platform stern,
which mainly acts on the breadth range of the stern
flaps, and a larger a leads to a more prominent high-
pressure area. We intercept the buttock line of the
underside at ¥ = 0.55 m in the rear half of the plat-

—0.4
—g=2° —mm =150
. 08 g0 g=230
En 1.2 +
g i T ]
2 —16 F> r
< Pt
=z S
20}
-24 . : F ;
3 8 13 18 23 28
X/m
(b) Y=0.55m
—0.6
0=2° - q=15°
. 09 e =80 - --a=23°
=
=y
(]
=
o
3
=z
2.1 :
3 8 13 18 23 28
X/m
(d) Y=1.75m

Fig: 6 Comparison of wave height at different longitudinal sections
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| -
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[ .
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0.088 8

Pressure/MPa
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Pressure/MPa

0.078 558  0.090 973 0.103 39 0.115 80 0.128 22
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Fig. 7 Relative pressure distribution at the bottom of the platform under different a

form and compare the relative pressure on the stern
flaps and the bottom of the platform at different o
when v = 22 kn, as shown in Fig. 8. Insignificant
when a is close to 0°, the pressure peak formed on
the stern flaps rises remarkably when a = 8° and
above, a relative increase of more than 20%, and

the longitudinal influence also keeps expanding.

—— g=2° a=15°

0.128 1
< —— o=8° —— a=23°
S o120t
2
Z 0112}
]
[=%

0.104

0.09(,[ ; ; i

44 438 52 5.6 6.0 6.4

X'm
Fig. 8 Relative pressure on longitudinal section of stern flaps
and platform under different o (v = 22 kn)

According to the above analysis, the stern flaps
generate noticeable induced lift at the stern by af-
fecting the pressure distribution at the bottom to
form a longitudinal plough-in moment, whose influ-
ence on the longitudinal motion of the platform is
presented as the reduction in the trim angle and
heave. It follows that with external disturbance, a
smaller motion response of the platform makes it
easier to maintain stability, and in this way, the mo-

tion stability of the platform can be improved.

2.2  Analysis  of
stability

longitudinal motion

2.2.1 Design parameters and their influence on
stability

We define the ratio of the longitudinal distance
from the center of gravity to the stern plate to the to-
tal length L of the platform as . At the same posi-

tion of the center of gravity, a higher speed means

worse motion stability, while at the same speed, a
farther position of the center of gravity is more like-
ly to cause instability of the longitudinal motion. As
shown in Fig. 9, when the center of gravity and the
state of the stern flaps remain unchanged, with the
rise in speed, the amplitude of the trim angle also in-

creases, and the convergence slows down.

12.0

rrrrrrrrr v=25kn
9.2

6.4

Trim angle/(*)

0 6 12 18 24 30
Time/s

Fig. 9 Attitude convergence at different speed (a = 15°, r =
0.40)

With the ratio 7, the speed v of the platform, and
the rotation angle o of the stern flaps as the design
variables, the value range of r being [0.35, 0.50],
and that of v being [10, 28], we select multiple sam-
ple points randomly in the design space composed
of the longitudinal position of the center of gravity
r and the speed v, with a = 2°, 8°, 15°, and 23°.
Then, we carry out numerical computation of these
points and count the numerical characteristics of the
longitudinal motion stability corresponding to each
point.

In the case of v = 22 kn and » = 0.43, the conver-
gence curves of the trim angle in different states of
stern flaps in Fig. 10 show that the presence of the
stern flaps also reduces the fluctuation of the plat-
form pitch and makes its pitch attitude converge to
a generally stable value. On the contrary, the case
where the stern flaps are not installed reports signif-
icant amplitude of the motion attitude; which means
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12.0

————————— No stern flap ——a=2°

921

64t

Trim angle/(°)

0 10 20 30 40 50
Time/s

Fig. 10 Attitude convergence in different states of stern flaps
(v=22kn, r=0.43)

the stability cannot be ensured.

2.2.2 Motion stability classification based on
SVM
The data classification based on SVM works
mainly by determining an N-dimensional optimal
classification hyperplane to maximize the interval
between the sample data points closest to the plane
on both sides of the hyperplane while dividing two
types of data with different numerical characteris-
tics to both sides of the hyperplane. Then, it uses
the hyperplane as the distribution boundary be-
tween the two types of data ['1. When N = 2, the hy-
perplane is a two-dimensional straight line; for N =
2, the general form of hyperplane is @™x + b = 0,
where x stands for the data point; @ is the normal
vector of the plane, and b denotes the plane inter-
cept. The objective function of the maximal interval
optimization problem of the hyperplane is presented
as
arg max {min(y(wa+h))ﬁ} (6)
Assume the characteristic label y of different
types of data points is 1 or —1, we can simplify the
objective function of the optimization problem, i.e.,

1 )
min E||w||— (7)

sty@x+b)—-120 (8)

Given Egs. (7) and (8), we introduce the La-
grange multiplier parameter a=[a,, a,, **,a; " ,a,],
adjust the initial optimization for determining the
optimal hyperplane to the optimization for solving
the Lagrange parameter vector a, as shown in Egs. (9)
and (10). In the equations, L(a) stands for the sim-
plified expression of the objective function; «; and
a; are the Lagrange multiplier parameters corre-
sponding to x; and x;, and k(x;, x,) is the kernel func-
tion. For the case of the linear inseparability of the
sample data on a low-dimensional plane, we can

make it linearly separable by introducing a non-
linear kernel function and mapping it to a high-
dimensional space. In this paper, we carry out
the mapping transformation of the collected two-
dimensional data points by use of the polynomial
kernel function, with its general expression shown
in Eq. (11), where a, ¢, and d represent manually
specified constants.

min L{a) = Zai—O.SZ(xicyjy,yfk(x,-,xj) (9)

i=1 ij=1
s.t. Za,-yi =0; ,20, i=12,---.n (10)
k(x,,x;) = (ax,"x, + ) (11)

For each different rotation angle a of stern flaps,
we classify the collected samples according to the
stability characteristics obtained via CFD calcula-
tion and apply the SVM classification algorithm to
identify the classification hyperplane between the
stability and instability in longitudinal motion. As
to the time-history curve of attitude calculated for
different sample points, if it does not show an obvi-
ous trend of convergence in a certain period of
time, the sample point is judged as an instability
point. Since the stability characteristics of the
points on the hyperplane cannot be identified in the-
ory, we will use 28 s as the time standard when as-
signing the stability characteristics to the collected
samples to ensure the reliability of stability state
classification. In this way, we can make the classifi-
cation hyperplane obtained more inclined to the sta-
ble side. Fig. 11 presents the classification results of
the sample points at different a.

For the classification results shown in Fig. 11,
given the possible inaccurate classification results
due to partial dense or sparse distribution of sample
points in the classification, we reduce the speed val-
ues of the steady-state points that are too close to or
even cross the boundary in the figure, e. g., the
steady-state points near » = 0.45 when a = 2° and
those near » = 0.47 when o = 8°. Then, we add new
sampling points in the area where the samples are
sparsely distributed, e.g., the two sample points add-
ed at r =047, v =23 kn and » = 0.37, v = 20 kn
when a = 23°. Afterward, we carry out CFD calcula-
tions for the adjusted and newly added sample
points again and classify the data on the basis of the
stability results. Fig. 12 shows the results after re-
classification, in which the upper left area of each
curve represents the motion instability area corre-
sponding to a.
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Fig. 12 Boundary of platform stability at different o

Finally, we obtain the numerical expressions of
the boundary of platform motion stability through
classification when a = 2°, 8°, 15°, and 23°, as
shown in Eqgs. (12)—(15) respectively. In these equa-
tions, r represents the longitudinal position of the
center of gravity of the horizontal ordinate, i.e., the
ratio of the longitudinal distance from the center of
gravity to the stern plate to the total length L of the
platform, and s denotes the speed of the amphibious
platform, i.e., the vertical ordinate shown in Fig. 12.

0.064 6r* —0.080 75 +2.867 9rs+

0.3036r+0.774 45 =0 (12)
0.059 872 —0.062 55>+ 3.189 Trs+

0.2824r+0.37935=0 (13)
0.058 0r* — 0.064 55 +3.031 4rs+

0.278 5r +0.576 55 =0 (14)

0.037 4r* —0.039 45 + 1.967 Trs+

0.186 8r+0.23625 =0 (15)

30
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£
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S
o
2 18y N
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10 L L L "
0.35 0.38 0.41 0.44 0.47 0.50
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32
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——Boundary
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2 L L I L
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(d) & =23°

Stability classification results at different a

According to the classification results of the lon-
gitudinal motion stability of the platform, when oth-
er parameter factors remain unchanged, it is possi-
ble to increase the upper speed limit that can be
reached in the stable state by the adjustment to the
longitudinal position of the center of gravity. The in-
significant range of the change in the positions of
the center of gravity of the platform, however, is
not of great significance to the improvement in the
steady speed, and thus we confirm that the steady
speed that the amphibious platform can reach with-
out other appendages does not exceed 21 kn.

Nevertheless, it is possible to significantly im-
prove the stability of the longitudinal motion of the
platform at different speeds by the installation of
stern flaps with rotation angles at the stern. As
shown in Fig. 12, when the rotation angle a increas-
es from 2° to 8°, the platform reports a significant
increase in the maximum speed that can be reached
in a stable state, but as a continues to increase, this
effect begins to weaken. In addition, the compari-
son and statistics of the effects of angle-variable
stern flaps at different positions of the center of
gravity reveal that when a = 23°, the maximum
steady speed that the platform can reach increases
by about 19% on average compared with the case
when o = 2°. When the center of gravity is 0.46L
from the stern plate, the maximum steady speed can
reach 25 kn.
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3 Conclusions

This paper studies the influence of stern flaps on
the longitudinal motion and hydrodynamic perfor-
mance of a high-speed amphibious platform. The
following conclusions are drawn:

1) Stern flaps have little effect on the wavelength
of the far field behind the platform. As the rotation
angle of the stern flaps increases, the amplitude of
hull-making wave near the "false tail" will rise, and
the wave peak on both sides of the platform will al-
so decrease as the trim angle declines accordingly.

2) Stern flaps can change the pressure field at the
bottom of the amphibious platform, which leads to
a concentrated high-pressure area at the stern. When
the rotation angle a increases from 0° to about 23°,
the high-pressure area grows significantly.

3) By changing the pressure field distribution at
the bottom of the platform to induce the plough-in
moment, stern flaps can reduce the fluctuation of its
longitudinal motion and accelerate the convergence
of attitude stability while reducing the running trim
angle to improve the navigational stability of the
amphibious platform.

4) By improving the longitudinal motion stability
of the platform at different speed, we found that
stern flaps can delay the boundary between motion
stability and instability, and the presence of stern
flaps at the same position of the center of gravity
greatly advances the maximum steady speed of the
platform.
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