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THE BOW FLEXIBLE SKIRT BEHAVIOR OF AN AMPHIBIOUS HOVERCRAFT
DURING ITS FORWARD MOTION ON CALM WATER

Volodymyr ZAYTSEV*, Valeriy ZAYTSEV**,
Dmytro ZAYTSEV***, Victoria LUKASHOVA****

Abstract. The paper presents a mathematical model of bow flexible skirt without 
diaphragm tightening under the hull of hovercrafts in the forward operation mode 
over calm water after the transition mode. Particular attention is paid to the stress-
strain state of the shell of the bow flexible skirt when it is tightened under the hull 
after the transient mode. The developed complex of mathematical models allows to 
analyse in-depth the performance characteristics of hovercrafts before the completion 
of their design and before the beginning of construction.
Keywords: hovercraft, air cushion, bow flexible skirt, tightening, motion in operation 
mode, calm water, transition mode, mathematical model.

INTRODUCTION
During operation, the bow flexible skirt (BFS) of an amphibious air cushion vehicle (hovercraft) is subjected 

to various static and dynamic loads, which cause changes in its shape. Forces and moments of a wave nature act 
on the BFS during hovercraft operation over still water, due to the impact of the air cushion (AC) moving across 
the water surface. This leads to the flexible skirt being pulled under the hovercraft’s hull. The phenomenon of 
skirt pulling plays a key role not only in solving issues related to the hovercraft’s directional stability but also 
in determining the magnitude of speed reduction in rough water and the probability of losing stability due to 
skirt pulling.

While the hovercraft operates in forward motion over still water, the water surface deforms under the 
pressure of the air cushion. Therefore, during the design process of the flexible skirt, it is crucial to determine 
the moment when the skirt begins to be pulled under the hull. Identifying the influence of design factors of the 
receiver and the removable elements of the flexible skirt on the pulling under the hull is particularly important 
during the transition phase of the skirt operation - from the moment when only the removable elements contact 
the water to the point when the flexible receiver itself starts making contact with the water.

The main external hydrodynamic forces acting on the bow flexible skirt during its pulling under the hull in 
the transition mode while the hovercraft is moving are usually divided into two components: the first component 
is related to the excess air pressure in the vehicle’s air cushion and the flexible receiver of the BFS, while the 
second is associated with water resistance. This resistance arises on the removable elements of the BFS as a result 
of their contact with water and is directed parallel to the water surface, both when the hovercraft is moving over 
still water and over a disturbed sea surface. Due to the impact of water resistance on the removable elements 
under certain conditions, the BFS is pulled under the hovercraft’s hull.

The behavior of the BFS in the transition mode depends on its ability to resist being pulled under, which 
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is determined by the shape parameters of the flexible skirt, air pressure, and the presence of diaphragms that 
reduce the likelihood of the BFS being pulled under the hovercraft’s hull.

Despite the fact that hovercraft have been in use for several decades and there is a significant amount of 
literature related to the theory of such vessels and the practice of their design, a number of unresolved issues 
remain concerning these vessels. Various methodologies, theories, and publications [1-4] exist, allowing for 
the calculation and design of various complexes and systems for hovercraft, ultimately leading to the creation 
of vessels that perform successfully in operation. However, questions regarding the pulling of the bow flexible 
skirt under the hull of the hovercraft remain unresolved.   

In this regard, the purpose of this study is to determine the shape parameters of the BFS without diaphragms 
in hovercraft and its stress-strain state after transitioning to side-slip mode over still water, which affects the 
pulling of the single-layer receiver with removable elements, without BFS diaphragms, under the hovercraft’s hull. 

NARRATION
he study addresses the problem of accounting for the phenomenon of the flexible skirt (FS) of the bow 

flexible skirt being pulled under the hull of the vessel when determining the stress-strain state (SSS) of its 
receiver without diaphragms (Figure 1) and without considering the size of the air duct cutouts (pressure jump 
along the inner line К1 of the BFS internal section of the flexible receiver), as shown in Figure 2. The external 
view of the hovercraft “ACV-70” (designed by “Design Bureau IMT”) is shown in Figure 3, while the direction 
of the external pulling force acting on its BFS during forward motion over still water in operational mode is 
shown in Figure 4.

Figure 1.
Bow flexible skirt of hovercraft “ACV-70”

The shell of the BFS receiver is studied (see Figure 2), which consists of three sections DK2, K2K1 and K1A 
made of isotropic, non-stretchable, and absolutely flexible material. Between these sections is the horizontal 
part K1K2, to which the removable element (RE) is attached.
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Figure 2.
Diagram of forces (calculation scheme) acting on the flexible receiver

of the BFS during hovercraft movement over still water after the transition mode

Figure 3.
External view of hovercraft “ACV-70” (Design Bureau IMT project)
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Figure 4.
Direction of pulling forces acting on the bow flexible skirt of hovercraft “ACV-70”
during its movement over still water in operational mode after the transition phase

Assumption. During hovercraft movement on the air cushion (AC) after the transition mode, the BFS will 
slide along the water surface (the attachment section of the RE K1K2 will be horizontal and will slide along 
the water surface). The RE will be pressed under the flexible receiver, and in the calculation scheme, only the 
shape resistance of the RE QФ, located in the water, will be considered. The horizontal element K1K2 does not 
experience longitudinal inclinations or rotations in the horizontal plane. Therefore, the fabric sections of the 
flexible receiver shell of the BFS will remain cylindrical during operation. There are no normal or tangential 
forces at the end sections of the flexible skirt shell.  

The shell of the flexible receiver is subjected to stepwise air pressure loading. The section AK1 is loaded by 
the pressure inside the flexible receiver pP , the section DK1 - is loaded by the pressure difference between the 
air cushion pП and the receiver pP , that is, by the pressure pP - pП , and the receiver section K1K2 - is loaded by 
the pressure pP and the pulling force Qзат , applied along the surface of the horizontal section K1K2.

Solution of the problem. The shape parameters of the bow receiver, considering its pulling under during 
the hovercraft’s movement over still water, are determined by examining its cross-section after the transition 
mode (see Figure 2).

In the task of determining the shape parameters of the receiver under the influence of external forces, the 
following are considered: pP - air pressure in the receiver, Pa; pП - air pressure in the air cushion, Pa; Qзат - 
resultant pulling force, directed parallel to the horizontal axis NX, N/m. 

In addition to pressures and the pulling force, the following are considered as input data: L - length of the 
flexible receiver’s cross-section (FRCS); D - distance between the attachment points of the receiver, m; αP

0 - BFS 
opening angle (structural angle between the cut of the bow section of the pontoon and the main plane (MP)), 
degrees (see Figure 5); xП

 - abscissa of the air cushion center of gravity in the moving coordinate system, m; 
LП - air cushion length, m; ψ - trim angle of the hovercraft «ACV-70» in hover mode, degrees, as a function 
of the heel angle θ, yaw angle φ, drift angle β, heading angle γ, translational ( )zyx

T VVVV =
r

 and angular

velocities of the hovercraft, longitudinal accelerations ax , lateral accelerations ay and vertical accelerations aZ 
of the hovercraft:
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;

ν - kinematic viscosity coefficient, m²/s;  - surface roughness coefficient of the BFS.

Let’s write the equilibrium equation for the horizontal section of the BFS element K1K2, (see Figure 2):

where
T1 - tension in the BFS shell acting on the inner section of the flexible receiver DK2, N/m;
T2 - tension in the BFS shell acting on the outer section of the flexible receiver AK1, N/m;
R1 - radius of curvature of the inner section of the receiver DK2, m; 
R2 - radius of curvature of the outer section of the receiver AK1, m.
QTP - friction resistance of the BFS against the water, N/m:

;

where
S - length of the horizontal section of the BFS element K1K2, m;

 - friction coefficient of an equivalent smooth plate

;
Re - Reynolds number

;

υ - speed of the hovercraft “ACV-70” in hover mode, m/s;
LC - length of the hovercraft “ACV-70,” m;
ν - kinematic viscosity coefficient, m²/s:

ν = 1,57 · 10 -6;

 - surface roughness coefficient of the BFS:

 = (0,5 ... 0,6) · 10 -6;

QФ - shape resistance force of the BFS removable element during hovercraft movement with bow trim when 
the BFS is pulled under the hull in transition mode, N/m:

;

;

ν - forward speed of the hovercraft in hover mode, m/s; 
AXAP - characteristic area of the removable element during the pulling of the bow flexible skirt under the 

hovercraft hull, m²;
ρB - density of seawater, ρB = 1025 kg / m3;
Cx (α, hЗАТ) - shape resistance coefficient along the NX axis, determined by numerical experiments for the 

real RE structure of the BFS, dependent on the values of α and hЗАТ;
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α - angle of inclination of the RE to the water surface, degrees (see Figure 4).
Geometric relationships for the bow receiver of the BFS:

where
A1 - chord length of the inner section of the receiver DK2, m;
A2 - chord length of the outer section of the receiver AK1, m;
hгo.0 - height of the BFS at trim angle ψ = 0o;
δ - angle between the segments AD and ND or the rise angle of the outer line of attachment of the BFS to 

the hovercraft hull relative to the inner attachment line of the BFS; 

δ = αP
0 - ψ;

αP
0 - opening angle of the BFS (structural angle between the cut of the bow section of the pontoon and the 

main plane (MP)), degrees (see Figure 5): 
φ1 - half of the central angle of the arc of the cross-section of the inner part of the receiver DK2;
φ2 - half of the central angle of the arc of the cross-section of the outer part of the receiver AK1;
L1 - length of the inner part of the cross-section of the flexible receiver of the BFS, m;
L2 - length of the outer part of the cross-section of the flexible receiver of the BFS, m;
hП.Н - height of the air cushion at the inner part of the BFS receiver, m;
xП - abscissa of the center of gravity of the air cushion, m;
LП - length of the air cushion, m;  
ψ - trim angle of the hovercraft “ACV-70” in hover mode, degrees. 
δ - angle between the segments AD and ND or the rise angle of the outer attachment line of the flexible 

skirt to the hovercraft hull relative to the inner attachment line of the BFS;

;

αP
0 - opening angle of the side flexible skirt (structural angle between the cut of the side section of the 

pontoon and the main plane (MP)), degrees (see Figure 5):
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Figure 5.
Opening angle of the BFS

In the system of 14 equations with given values, we have: D, L, δ, xП, LП, ψ, f, pП, pP, and the unknowns are 
14 variables: L1, L2, A1, A2, S, R1, R2, T1, T2, QЗАТ, φ1, φ2, δ hП·Н .

Coordinates of point K2 which connects the inner part of the cross-section of the flexible receiver of the BFS 
with the horizontal section K1K2 of the flexible receiver in the XNY coordinate system (see Figure 2): 

where
b - horizontal projection of the distance between the receiver attachment points b = ND = D cos δ, m.
Coordinates of point K1 where the outer part of the cross-section of the flexible receiver of the BFS connects 

with the horizontal section K1K2 of the flexible receiver in the XNY coordinate system (see Figure 2):

Coordinates of the center of curvature 01 of the inner part of the cross-section of the flexible receiver of the 
BFS in the XNY coordinate system (see Figure 2):

Coordinates of the center of curvature 02 of the outer part of the cross-section of the flexible receiver of the 
BFS in the XNY coordinate system (see Figure 2):
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CONCLUSIONS
The described methodology for creating a mathematical model allows for the study of the pulling of the bow 

flexible skirt under the hull of amphibious air cushion vehicles during straight-course movement in operational 
mode over still water after the transition phase. Additionally, it enables simulation modeling of this process 
for hovercraft with six degrees of freedom, which will reduce the costs of designing and constructing the lead 
hovercraft with accurately predicted seakeeping and operational characteristics. 
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