i

Bt
=

il

o+
2 VARNA SCIENTIFIC AND TECHNICAL UNIONS
TECHNICAL UNIVERSITY - VARNA

Ul

SEVENTEENTH INTERNATIONAL CONFERENCE
ON MARINE SCIENCES AND TECHNOLOGIES

The Conference is Dedicated to the S0™ Anniversary
of the Establishment of the Shipbuilding Faculty
at the Technical University of Varna

PROCEEDINGS

ISSN 1314 - 0957

October 18™, 2024
Varna, Bulgaria



SEVENTEENTH INTERNATIONAL CONFERENCE
ON MARINE SCIENCES AND TECHNOLOGIES

The Conference is Dedicated to the 50™ Anniversary
of the Establishment of the Shipbuilding Faculty

at the Technical University of Varna

PROCEEDINGS

ISSN 1314 - 0957

October 18™, 2024
Varna, Bulgaria



COPYRIGHT-2024 by the Varna Scientific and Technical Unions

All rights reserved. No part of this publication may be reproduced, stored in
a retrieval system or transmitted in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior written
permission by the Varna Scientific and Technical Unions.

The author’s materials are published without any editing, correction, etc.
Therefore, the authors carry full responsibility for the information presented.

VARNA SCIENTIFIC AND TECHNICAL UNIONS

BULGARIA
9000 VARNA
25, “TSAR SIMEON I” Str.

Phone: +35952 630 532

E-mail: nts@nts.varna.net

URL: nts.varna-bg.org

DOI: https://doi.org/10.7546/10.BAS.2024.10

ISSN 1314 - 0957



Organized by:

.4 VARNA SCIENTIFIC AND TECHNICAL UNIONS

AND
@ TECHNICAL UNIVERSITY - VARNA

With the Cooperation of:

2

> 7 BULGARIAN NATIONAL ASSOCIATION
Y OF SHIPBUILDING AND SHIPREPAIR (BULNAS)

“N. VAPTSAROV” NAVAL ACADEMY - VARNA

BULGARIAN ACADEMY OF SCIENCES (BAS):

@ INSTITUTE OF OCEANOLOGY - VARNA

BULGARIAN SHIP HYDRODYNAMICS CENTRE

* % %

Main Topics of the Conference:
(1) Oceanology

(2) Shipbuilding and Ship Repair
(3) Decarbonization in Shipping
(4) Ship Hydrodynamics

(5) Maritime Transportation and Port Operations



INTERNATIONAL ADVISORY COMMITTEE

Ionel CHIRICA,
Dunarea de Jos University of Galati, ROMANIA

Leonard DOMNISORU,
Dunarea de Jos University of Galati, ROMANIA

Yordan GARBATOY,
University of Lisbon, PORTUGAL

Mathias PASCHEN,
Universitit Rostock, DEUTSCHLAND

Pentscho PENTSCHEW,
Universitit Rostock, DEUTSCHLAND

Carlos Guedes SOARES,
University of Lisbon, PORTUGAL

Volodymyr ZAYTSEY,
Admiral Makarov National University of Shipbuilding, Ukraine

EXECUTIVE COMMITTEE

Chairman:
Stefan VACHKOYV,
Chairman of the Varna Scientific and Technical Unions

Co-Chairmen:
Atanas PALAZOY,
Head of Institute of Oceanology - Varna

Rumen KISHEY,
Bulgarian Ship Hydrodynamics Centre

Petar GEORGIEY,
Technical University - Varna

Scientific Secretary:
Stefan KYULEVCHELIEY,
Bulgarian Ship Hydrodynamics Centre

Organization Secretary:
Nedelcho VICHEYV,
Varna Scientific and Technical Unions



Members:

Dragomir PLAMENOY,
Rector of Technical University - Varna

Boyan MEDNIKAROY,
“N. Vaptsarov” Naval Academy - Varna

Svetlin STOYANOY,
Chairman of the Bulgarian National Association of Shipbuilding and Shiprepair (BULNAS)

Ivan IVANOY,
Technical University - Varna

Dimitar TODOROY,
ODESSOS Ship repair Yard, J. S. Co - Varna, Executive Director

Kiril PALAVEEY,
ULA Ltd. - Varna, Manager

Elena VELIKOVA,
Bulgarian National Association of Shipbuilding and Ship repair (BULNAS),
Executive Secretary



CONTENTS

(1) Oceanology:

Evolution of the Bulgarian National Operational Marine Observing System
Atanas PALAZOY, Veselka MARINOVA, Violeta SLABAKOVA,
Asen STEFANOYV, Olexandr UMANOV

Building a Free Beach Through Wave Management in the Coastal Area
of the Southern Bay in Front of the City of Nessebar
Lyubomir DIMITROYV, Gencho GEORGIEV

Oxidative Stress Ecology of the Pacific Oyster (Crassostrea Gigas Thunberg, 1793)
Invasion in the Bulgarian Black Sea

Georgi PETROYV, Albena ALEXANDROVA, Nesho CHIPEV, Plamen MITOYV,
Lyubomir KENDEROY, Elina TSVETANOVA, Almira GEORGIEVA,
Madlena ANDREEVA, Georgi PRAMATAROV

Wave Monitoring Along the Bulgarian Black Sea Coast
Veselka MARINOVA, Violeta SLABAKOVA, Atanas PALAZOV

(2) Shipbuilding and Ship Repair:

Features of Strength Calculations During Salvage Operation

of a Wrecked Bunker Tanker

Alexander EGOROYV, Alexander NILVA, Nataliia BUTENKO, Vladimir NILVA
(3) Decarbonization in Shipping:

Opportunities to Increase Energy Efficiency Through the Ship Superstructure
Gergana PENCHEVA

Energy Efficiency of Ships at Varna Anchorage
Ivet FUCHEDZIEVA

Benefits and Hazards of Alternative Fuels in Energy Efficient Ships
Aleksandar ENEV

Hydrogen as the Future of Sustainable Maritime Energy: a Comparative Analysis
of Hydrogen-Based Fuel Cells for Marine Applications
Kaloyan VANGELOV

Dynamics of the Carbon Intensity Indicator for Vehicle Carriers Visited European Ports

Dimitar YALAMOV

13

22

26

32

41

51

59

67

76

86



(4) Ship Hydrodynamics:

The Bow Flexible Skirt Behavior of an Amphibious Hovercraft

During its Forward Motion on Calm Water

Volodymyr ZAYTSEY, Valeriy ZAYTSEY, Dmytro ZAYTSEYV,

Victoria LUKASHOVA 97

An Investigation of the Effectiveness of Parabolic Bow Shapes
for Reducing Ship Resistance in Calm Water
Stoyan SHAHLARSKI, Nikita DOBIN 105

(5) Maritime Transportation and Port Operations:
An Approach for Near Real-Time Object Recognition Through Video Processing
in Unmanned Aerial Vehicles

Veselin ATANASOV 112

Vessel Traffic Data Through the Bulgarian Exclusive Economic Zone
Angel ANGELOV 117



SHIP HYDRODYNAMICS







SEVENTEENTH INTERNATIONAL CONFERENCE ON MARINE SCIENCES AND TECHNOLOGIES

THE BOW FLEXIBLE SKIRT BEHAVIOR OFANAMPHIBIOUS 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 BES 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 K, 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 DK, KK, and K 4
made of isotropic, non-stretchable, and absolutely flexible material. Between these sections is the horizontal
part K K, 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 K K, 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 @, located in the water, will be considered. The horizontal element K K, 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 AK, is loaded by
the pressure inside the flexible receiver p,, the section DK, - is loaded by the pressure difference between the
air cushion p and the receiver p,, that is, by the pressure p, - p,, , and the receiver section K K, - is loaded by
the pressure p, and the pulling force Q_ , applied along the surface of the horizontal section K K.

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: p, - air pressure in the receiver, Pa; p, - air pressure in the air cushion, Pa; QO -
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: g, - length of the
flexible receiver’s cross-section (FRCS); D - distance between the attachment points of the receiver, m; @’ - BFS
opening angle (structural angle between the cut of the bow section of the pontoon and the main plane (MP)),
degrees (see Figure 5); X, " abscissa of the air cushion center of gravity in the moving coordinate system, m;
L, - air cushion length, m; y - trim angle of the hovercraft «<ACV-70» in hover mode, degrees, as a function
of the heel angle 6, yaw angle ¢, drift angle £, heading angle p, translational v = (Vx Vv, VZ) and angular

velocities of the hovercraft, longitudinal accelerations a,, lateral accelerations 4 and vertical accelerations a,,
of the hovercraft:
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v - kinematic viscosity coefficient, m?/s; {j; - surface roughness coefficient of the BFS.
Let’s write the equilibrium equation for the horizontal section of the BFS element K K, (see Figure 2):

I = Quar + T2 =05
Quar = QTp + Qo;

Ty = (pp — P)Ry;
Ty = ppRo.

where
T, - tension in the BFS shell acting on the inner section of the flexible receiver DK, N/m;

T, - tension in the BFS shell acting on the outer section of the flexible receiver AK , N/m;

R, - radius of curvature of the inner section of the receiver DK, m;

R, - radius of curvature of the outer section of the receiver 4K, m.
Q,, - friction resistance of the BFS against the water, N/m:
pev? S;

Q'rp = ((TP + (]_I_l) 5

where
K

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

{rp - friction coefficient of an equivalent smooth plate

Crp = 0,455(1gRe) ~%58;
Re - Reynolds number

v - speed of the hovercraft “ACV-70 in hover mode, m/s;
L. - length of the hovercraft “ACV-70,” m;
v - kinematic viscosity coefficient, m?/s:

v=1,57-10";
Cur - surface roughness coefficient of the BFS:

{m =(0,5...0,6) - 107

0,, - 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:
1 h
Qo = 0,5C,(a, h3ar)pev?Axap B = 0,5C,(a, h3ar)ppv? ﬁ;

__ Brhszar
AXAP B sin o ;

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

XAP
hovercraft hull, m?;

p, - density of seawater, p, = 1025 kg / m’;
C_(a, h,,,) - shape resistance coefficient along the NX axis, determined by numerical experiments for the

real RE structure of the BFS, dependent on the values of o and £, ;
101



SEVENTEENTH INTERNATIONAL CONFERENCE ON MARINE SCIENCES AND TECHNOLOGIES

2024

o - angle of inclination of the RE to the water surface, degrees (see Figure 4).
Geometric relationships for the bow receiver of the BFS:

D cos8 = Ajcos@y + S + A, cos @y;
Dsind = A, sin @, — Ay sin @4

A; = 2Ry sin@q;

A, = 2R, sin@y;

L=L+L,+S;

Ly =R (2¢4);

L, = R;(2¢3);

hrin = hroo — (L?“ + xq — D cos 8) tan y;

hpg =Ry (1 + sin (2([)1 - g))

where

A, - chord length of the inner section of the receiver DK, m;

A, - chord length of the outer section of the receiver 4K, m;

h_,, - height of the BFS at trim angle y = 0°;

0 - 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;

d=a,"-y;

a,’ - 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):

@, - half of the central angle of the arc of the cross-section of the inner part of the receiver DK ;

@, - half of the central angle of the arc of the cross-section of the outer part of the receiver 4K ;

L, - length of the inner part of the cross-section of the flexible receiver of the BFS, m;

L, - length of the outer part of the cross-section of the flexible receiver of the BFS, m;

h,, , - height of the air cushion at the inner part of the BFS receiver, m;

x,, - abscissa of the center of gravity of the air cushion, m;

L, - length of the air cushion, m;

y - trim angle of the hovercraft “ACV-70" in hover mode, degrees.

0 - 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;

Szag—(ﬂ;

a,’ - 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, 6, x, L., V, /, p,;, P,» and the unknowns are
14 variables: L, L,, A, 4,, S, R, R, T\, Ty, Qo @15 0, 0 Py,

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

Xg, = —b + Ry cos (2([)1 - E)

2

Y, = =Ry (1 +sin (2¢, - 7).

2

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

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

—b + S + R, cos (Zq)l — g),

Xg.,
Ve, = =Ry (1 +sin (2, - 7).

1

Coordinates of the center of curvature 0, of the inner part of the cross-section of the flexible receiver of the

BES in the XNY coordinate system (see Figure 2):
Xo, = —b + R, cos (2([)1 - g),

1

Y, = Ry sin (2¢, = 7).

1

Coordinates of the center of curvature 0, of the outer part of the cross-section of the flexible receiver of the

BEFS in the XNY coordinate system (see Figure 2):
Xp, = —b+ 5+ R, cos (Zcpl — g)
Yo, = Rz — hpy.

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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